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CALAFATITE v. Ai nttk. 

CALCULI v. Urine. 

CALCUSOL. Trade name for a preparation 
of aeid potassium curbonato and pipendino-p- 
sulphamino bonzo.tto 

CALIATURWOOD. This wood, tho botani- 
cal origin of which appears i bo Unknown, is 
very similm to though H'*mowhat darker in 
colour than sanderswood. It w.ts imported 
from tho East Todies and is stated to havo 
been chiefly employed m the Continent. Accord- 
ing to Franchimont and Sicherer it contains 
santalin but in la g' r amount than* sandors- 
wood. 

CALICHE. The term by which tho impure 
native sodium nitre to or Chile saltpetre is known 
throughout South America. Also applied to a 
limestone hardpan found in Arizona and else- 
where (t). Sodium). 

CALLISTEPPIN v. Anthdoyai^ ins. 

CALLUTANNIC ACID i>. Tannins. 

CALMATAMBIN v. Gluoohidks. 

CALMONAL. Calcium methylbromide. 

CALOMEL. Mercurous chloride {v. Mercury). 

CALOMELOL. A oolloidal preparation of 
calomel. 

CALOPHYLLUM iNOPHYLLUM (Linn.). A 
tree (ord. Quttiferte), Alexandrian laurel, dilo of 
Fiji, taxm rind of E. Polynesia, and sultana 
champa (Hind.) of India), tho seeds of which 
yield 00 p.c. of a fragrant green oil, fluid at 
ordinary temperatures, solidifying when coolod 
below 10°. The tree bears fragrant white 
flQwers. The oil, the woondel or bitter oil of 
Jmifcan commerce, used in medicine and for 
lamp oil, is of a greenish tint, and a very little 
imparts its colour to a whole cask of coco-nut 
oil (Pharm. J. [3] 8, 363). 

GALQTYPE v. Photography. 

CALUMBA. Calumb m radix, B . P. ; Calumba , 
U.S.P. Colombo, Columbo. {Racine de Colombo, 
Fr. ; JZalumba or Columboumrzd, Ger.) 

The root of the Jateorrhiza Colwmba (Miers), 
a herbaceous climbing plant, inhabiting the 
forests of Eastern Afrioa (Fliiok. a.’Hanb. 23 ; 
Bcntl. a. Trim. 13). The fleshy root is sliced 
Vol. IX.— T . 


transversely and dried. It was introduced into 
Europe in tho 17th century as an antidote 
for poison, and found a place in the London 
Pharmacopoeia of 1788. It possesses mild bitter 
tonic properties, for which purpose it is now 
chiefly employed m medicine. 

The drug contains 30-35 p.c. of starch, some 
mucilage, traces of a volatile oil, but no tannin ; 
the root gives 4-7 p.c., the rhizome 12-17 p.o. 
of -ash. There are further present two bitter 
principles and throe alkaloids. 

Columbm C aft H 8a O fl (according to Ulrioh, 
Annalen, 1907, 351, 303 ; but cp. Feist, lx.), the 
host-known bitter principle, occurs to the extent 
of 0*8 p.c., anckis extracted by hot ether and 
recrystalhsed from the same solvent. It forms 
colourless prisms, m.p. 182°, hardly soluble in 
hot or cold water, little in cold alcohol or ether, 
readily in hot ether, chloroform, and alcohol. 
Oolumbin adds directly 8 bromine atoms. 
A crystalline diacetyl derivative melts at 218°. 
Boiling 5 p.c. potassium hydroxide yields 
columbic acid U a nH #a O 10 , crystals, m.p. 220° 
(Frey, Annalon, 1907, 351, 372), boiling 16 rf.o. 
hydrochloric acid gives an amorphous yellow 
substanoe and yellowish -green fluoresoence. A 
second bitter principle, m.p. > 246°, almost 
insoluble in most solvents, was isolated by 
Feist (Arch. Pharm. 1907, 245, 686). 

The alkaloids were at first mistaken for 
berberine, to which they are closely related 
(Gordin, Arch. Pharm. 1902, 240, 146 ; Giinzel, 
ibid. 1906, 244. 257 ; Gadamer, ibid. 1902, 240, 
450 ; and particularly Feist, ibid. 1907, 245, 
586) All three yield yellow quaternary salts. 
The aqueous solution of an alcoholic extract ot 
the drug is extracted with ether to remove 
oolumbin (see above), and concentrated potas- 
sium iodide then precipitates the iodides, which 
are fractionally crystallised from alcohol. 
Columbamuie iodide C ai H ai N # OI, yellow needles, 
m.p. 224°, is the least soluble. Jaleorrhisint 
iodide C I0 H 10 O,NI,H,0 forms orange-yellow 
needles, m.p. 208°-210° ; palmatine iodide 
C a /H aa O a NI, sjhrfler yellow needles, m.p. 238°- 
240°. The first of these contains four mathoxy 
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groups and one hydroxyl group ; it is a methyl 
ether of the second, which contains three 
melhoxy and two hydroxyl groups, for methyl- 
columbamine and dimethyl] ateorrhizino are 
identical. Palmatine iodide contains four meth- 
oxyl groups, but no hydroxyl, anfi hence 
remains undissojved on* treating the mixed 
iodides witlv sodium hydroxide. list exact 
relationship to the oilier two is unknown. 
Reduction of tho -corresponding nitrates leads 
in all three cases to colourless tetrahydro deriva- 
tives. Motbylcolumbamine is oxidised by per- 
manganate to corydaldino (an oxydation product 
of corydaline, q.v ), a trimethoxy-o-phthalie acid 
(gallo-carboxylic acid ?), m.p. 200°, and a 
nitrogenous acid, rti.p. 200' -202°. The free 
bases corresponding to the above salts are 
unknown, so that it iB doubtful whether the 
alkaloids arc ammonium hydroxides or the 
corresponding anhydrides. 

For the identification of columbin and tho 
alkaloids under the microscope, see Tunmann, 
Pharm. Zentr H. 1914, 55, 775. G. B 

CALYCANTHINE C,,H J4 N a , crystals, m.p 
, 243°-244° (dry), occurs with isocalycanthme, 
prisms, m.p. 23G°-230° (dry), in the seeds of 
Oalycanthus glavcus ( Wild. ), 2 p. e One nitrogen 
is secondary, the other tertiary. Toxio (Gordin, 
J. Amer. Chem. Soc. 1905, 27* 144, 1418 ; 1909, 
31,1305; 1911,33,1026). 

CAMELINE OIL, Dodder o\l, or German 
Sesami oil, is prepared from the seods of 
Myagrum sativum. (Ora.), C&melina sativa (Linn ), 
(‘gold of pleasure’) Several centuries ago the 
seed was grown all over Gormany as a cron, but 
at present it is only cultivated on a small sonic 
in some part of South Germany, Belgium, 
Holland, Hungary, the Balkan States, ami 
South Russia. The seed is occasionally ex- 
pressed in Hull, but, as a rule, the press cakes 
arrive in this country from Odoisa, and arc used 
(in Liverpool) in the manufacture of ‘ compound 
cakes.’ Tho average composition of camelme 
seed is stated as follows : — 


Oil 

. 29 4 i) o 

Water 

. 7*5 „ 

Proteins 

. 25 9 ,, 

.Carbohydrates . 

• 17*3 „ 

Crude fibre 

. 105 „ 

Ash 

. 9-2 


Tho oil has a golden-yellow colour and n pun- 
gent taste and 'Smell. On exposure to the air 
it drios slowly. It is a senu-drying oil, and 
therefore yields, on boiling with litharge or 
manganese, a slowly drying varnish. The low 
saponification' value of the oil points to tho 
presence of erncio acid 

The ‘ cold -drawn ’ oil is used for edible 
purposes in Russia. The oil expressed in this 
oountry, as also the oil expressed by heat in 
Hungary and the south of Russia, is used for 
soap making. 

it has the following analytical characters : 
sp.gr. 0'9224-0'9200 at lT>° ; solidification 
point, — 15°-19° ; saponification value, 185- 
188; iodine value, 133-136; and m.p. of 
ffrtty acids, 1 8°— 20° ; molecular equivalent of 
fatty acids, 296. A samplo examined by 
Grimme (Chem. Rev. Fefct. Ind. 1912, 19, 102) 
contained 1 16 p.c. of unsapbriyiablo matter. 
According to van Ketel and Antusch (Zeitsch, 


angew. Chem 1896, 581), linseed is liable to be 
contaminated with cameline seed, and so may 
yield an oil with a low iodine value. J. L. 

CAMPHOID. A preparation of one part of 
guncotton dissolved in 20 parts each of absolute 
alcohol and camphor 

CAMPEACHY WOOD v. Logwood 
CAMPHANIC ACID p. Lactones. 

CAMPHENE, CAMPHINE v. Terpen es. 

CAMPHOL v. Camphors. 
CAMPHOPHORONE r. Ketones. 

CAMPHOR. The term camphor was applied 
exclusively, in the sixth century, by Arabian and 
Chinese writers, to Bornoo or Malayan Camphor 
(Borneol), but m tho sixteenth century it in- 
cluded Laurel or Common Camphor, for Garcia 
d’Ortft mentions the latter as well known in 
Euiope in 1563, and points out what imbed is 
true at the present day, that the much more 
costly Borneo or Sumatra Camphor is entirely 
oonsuiped m the East ( cf . Flnck. a. Hanb. 510). 
Tho similarity in properties between laurel 
camphor and the crystalline separations from 
the volatile oils of plants, led, in the eighteenth 
century to an extension of the term camphor so 
as to include these solids. An attempt by 
Berzelius (Lelirbuch VI 580) to simplify the 
nomenclature, by calling all solid portions of 
volatilo oils, ‘ stearop tones,’ and the liquid 
portions * elieoptcns ’ has only resulted in the 
continued use, almost synonymously, of the 
words stoaroptene and camphor. The discovery 
that laurel' camphor contains oxygen lias still 
further amplified the meaning of the word, which 
in its most comprehensive sense now includes 
most, of the oxygenated products, both liquid ami 
solid, of volatile ods. 

Camphors aie volatile oxygenated hydro 
carbons, Visually possessing a pocuhai character- 
istic odour. They are mostly crystalline solids 
insoluble m water, but soluble in alcobol 
Except m the, case of a few which are produced 
artificially they are obtained from plants where 
they occur associated with hydrocai bons from 
which they are probably derived. Most plants 
when distilled in steam yield volatile oils com- 
posed of heavier oxidised compounds held m 
solution more or less by lighter hydrocat bons. 
The former often sepaiatc in crystals during the 
condensation of the oil or nfterwards on standing, 
or they may be obtained by fractional distillation. 

The moro important camphors, using the 
term in its larger signification, maybe considered, 
for convenience, in 4 groups, as isoraerides or 
homologues of : (1) Peppermint camphor, 

menthol C, 0 H 90 O ; (2) Borneo camphor, bomool 
C 10 H„O ; (3) laurel camphor C 10 H., 8 0; and 
(4) thyme camphor, thymol C 10 H 14 O. For the 
most part camphors behave liko alcohols or 
phenols, but laurel camphor and menthone are 
ketones, cinool is an ether and alant camphor 
a lactone. The majority of camphors belong to 
saturated or unsaturated cyclic systems, Dut 
in 1891 Semmler (Ber. 24, 210) introduced the 
expression * olofinic camphors ’ for t certain 
substances which possess an open chain 
structure, are closely related to the oyclio 
camphors, and are responsible for the aroma of 
many essential oils. The chief members of this 
group are citronellol C, 0 H 80 O, geraniol, nerol and 
citronollal 6 10 H 18 O, and citral C J0 H 18 O. (See 
aho Perfuj!es.) 
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Peppermint camphor. Menthol C 10 H 19 OH. 
3-Mc-6-w0propyl-l-cyclohoxanol. The lsevo 
modification of this camphor is the chief con- 
stituent of peppermint oil, the product of distilla- 
tion of the herbs Mentha piperita (Linn.) and 
M. arvei ,< (Linn.), varieties piperasm > and 
glabraia. it is also a minor constituei t of a 
few ot .er volatile oils, A menthol of unrec-i uued 
rotatory sign predominates in the oil from 
Hyptix suaveolens (Li.m.) (Bacon, Phillipine J. 
So. 1909, 4, A, 130). The proportion of menthol 
in normal Japanese oil of peppermint varies 
betwieu 09 aid 91 p.c , whilst English and 
American oils contain 48 to 68 p.c A portior. 
about 10 p o , of the ntent* el is present in ester 
form combin 'd with acetic and i.wvalerianio 
acids. Tho c > mphor is extracted by freezing 
oils rich in menthol, whereby the crystals 
separate on l are recovered either bv pressure 
or by centrifugal treatment. The more im- 
portant papers dealing with menthol in its 
bearing on oil of peppermint are : Beckett and 
Wright (Chem. Soo. Trans. 1870, 29, 1), Atkinson 
and Yosliida (ibid i 882, 41, 50), Moriya (ibid. 
1881, 39, 77), Power and Klebor (Arch. Pharra. 
1894, 232/039), Power and Fluckiger (Pharra 
J. 1880 [31 11, 220), Andres and Androef (Ber 
1892, 25, 609), Schindclmoiser (Apotli. Zcit. 
1900, 21, 927), and the semi-annual reports of 
Schirnmel and Co., and of Rouro Bertrand Fils. 

Menthol crystallises in p T, sms belonging to 
the hexagonal system, and m appearance 
resembles magnesium sulpk + e It has a strong 
peppermint odour and taste, and produces a 
sensation of warmth on the tongue which is 
mplaccd by a soma ' ion of cold when air is 
inhaled M p 42° 43~ 43 , 6°-44‘5 0 ^ (Gilde- 

meister and Hoffman *>, Die Allierischon Ole, 
1910, i. 405), b p. 215 5° at 758 mm. (P. a. K.), 
spgr 0 88 at 29° (Long, J. Amer. Chem. Soo. 
1892, *14, 151), [ol“ 0 ° -50-7° in 10 p.c. alcoholic 
solution (Beckmann, J. pr Chom. 181)7, [21 55, 
15). Menthol is very slightly soluble in water, 
but soluble in the usual organic solvents and 
in concentrated hydrochloric aeid. Tt rotates 
on the surface of water in a similar mannor to 
laurel camphor. Mixed with chloral, thymol, or 
laurel camphor, menthol reacts forming a liquid 
*(Kyle, Amcr. J P! arm. 1885, 429; Becker, 
ibid. 1886, 283). When menthol is boiled with 
sulphuric acid diluted with half its volume of 
wator it acquires an indigo-blue or ultramarine 
colour, the acid becoming brown (Brit. Pharm. 
1914). 

Menthol is a saturated secondary alcohol 
which undw the influence of dehydrating agentj, 
c.fj. phosphorus pentoxide, zinc chlorido, 
poti^sium K sulphate, passes into the hydro- 
carbon metitheno, C 10 H 18 . A very large number 
of esters of menthol are known, of which tho 
au tote C 10 H i0 OAc, b.p. 227°-228°, [a^-79'26 0 , 
jo/. Kishner, J. Russ. Phys. Chem. Soc. 1895, 27, 
*480), and iaovalerianate, C 10 H 79 O()CC 4 H 9 , 
ooour in oil of peppermint (P. a. K.). For the 
identification of Z- menthol by means of deriva- 
tives, \he phenylcarbamate C l0 H 19 OCONHPh, 
m.p. Ill 0 112° (Leuckart, Ber. 1887. 20, 115), 
the hydrogen pMhahte O.oHjgOOtJCyHjOj, 
m.p 122° (Pickard and Littlebury, Chem. Soc. 
Trans. 1912, 101, 118), and benzoate C 10 H 19 OBz, 
m.p. 65 0 -66° (P. a. L.) are* characteristic. 


Two atoms of hydrogen are remoted from 
/-menthol by treatment with ohromio acid* 
mixture (Beokmann, Annalen, 1889, 250, 325) 
with formation of l-mcnthone, a liquid ketone 
which occurs to the, extent of about 20 p.o. in 
oil of peppermint (B. a. W.), and with an 
isomeJide, d-iso menthone, forms 50 p.c. of 
Amerioan pennyroyal oil obtained from Hedeoma 
pulegoides( Linn.) (Barrowcliff, Chem. Soc. Trans. 
1907, 91, 875). Menthdi has been obtained 
synthetically from menthone and pulegone 
(Bockmunn and Pleissner, Annalen, 1891, 262, 
32, Haller and Martine, Compt. rend. 1905, 140, 
1298), also from thymol byjuaeof the Sabatier and 
Senderens method of reduction. • By this latter 
method the four possible menthols corresponding 
to menthone, namely, d- and /-menthol and d- 
and /-neomenthol, have been prepared (Pickard 
and Littlebury, Chem. Soc. Trans. 1912, 101, 
110). A small proportion of d-neomenthol was 
■solated at the Hame time from Japanese oil of 
peppermint. 

In its medicinal action menthol resembles 
ihenol. its chief uses are as a local anaesthetic * 
or relief of superficial pains of various kinds, 
also dissolved in oil as a spray for influenza, 
hay fever, &c\, and as a local application in 
oortain cutaneous diseases. 

Camphors isomeric with menthol. Citronellol 
C 10 Hjj 0 C, ft liquid isomeride of menthol occurs 
as /-citronollol in rose oil, Rosa damasccna (Mill.) 
(Tiomann and Schmidt, Ber. 1896, 29, 922), and 
as rf-citronellol in Java citronella oil, Andropogon 
Nurd us Java do Jong (Scliimmel’s Kept. 1902, i. 
14), and in tho oil from Barosmu pulchella (Linn.) 
(ibid. 1910, i. 17), whilst both forms occur in 
geranium oil, Pelargonium graveolens (Ait.) 
(Tiemann and Schmidt, Ber. 1896, 29, 924). 

Borneo and* Allied Camphors. Malayan, 
Barns or Dryobalanops camphor ; Borneol, 
camphol C 10 H 17 OI1, 1, 7, 7, -trimethyl [1, 2, 2]- 
bioyclo 2-hoptanol. This oamphor occurs in 
nature in tho cfoxtro- and lievorotatory varieties, 
ostonfied chiofly in the ltevo rotatory modifica- 
tion. Common borneol, which is dextrorotatory, 
is the product of Dryobalanops a.romatica (Gartn.), 
a majestic tree indigenous to Sumatra, Borneo, 
and Labuan. The camphor is deposited 4n 
fissures in tho old wood, and to obtain.it the 
troos have to he sacrificed. The treo is out down 
and the wood is examinod by a laborious process 
of splitting. The collected camphor averages 
T 1 1 lbs. from each tree. Owing to the reck- 
less manner in which the trees have been 
destroyed without the planting of others, the 
forests of Sumatra now contain few that are 
worth working (Pharm. J. 1881, [3] 12, 83). The 
states of Sarawak and Brunei are much richer 
in trees, and at the present time produce borneol 
by similar methods (c f. Hanb. and Fliick. 516 ;• 
Kremers, Pharm Review, 1905, 23, 7 ; Gilde- 
meister and Hoffmann, Die atherisohen (3le, 
1916, iii. 178). Tfie crude camphor is best 
purified by sublimation (Pelouze, Annalen, 1841, 
40, 326). , 

(/-Borneol is also a constituent of the follow- < 
ing volatile oils : Rosemary, Rosmarinus 
officinalis (Linn.) (Qildsraeister and Stephan, 
Arol*. Pharm. I$p7> 235, 586) ; Siam Cardamom 
Amomum cardamomum (Linn.) (Sohimmel’s 
Jtent. 1897, ii. 9) ; Nutmeg, Myristiea fragrans 
(Houtt.) (Power %nd Salway, Soo. Trans. 
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as madder camphor (Jeanjean, Annalan, 1867, 
101, 96), and in Ngai oamphor, the name given 
to the solid part of the essential oil of Bhrnea 
balsamifera (D. C.) (Plowman, Pharm. J. 1874, 
4 712 ; Fluckiger, ibid. 828; bchimmela. 
Kept! 1910, 1, 149). From this latter Bouroe the 
, J- borneol had a higher rotatory power l«J D 

1«S7 17 314) in auu.nu.. ~ — i -39° 25', than iB usually observed (Sohimmelii. 

eouroes ^d-borneol may la, obtained, by the i Reot . 1895. 1, 74). On oxidation with nitric 
. , __ i. on Ituirel camnhor , 


1907 91 *20371 ; Lavender, Lavandula vera (D.C.) 

♦ Kil l Pharm. Chim. 1879, [4] 30 139 ; 
cf. Charabot, Bull. Soc. Chim. 1897, [3] 17, 380) , 
Bnike Lavender, iMvandida hjnca ( bum ) 
(Cchardat, Co^pt. rend 1893 117, 53 and 
1094). and Virginian Snake-root. AnsUMia 
ierpentana (Linn.) (Sincft, Gazz, chim. ital. 
1887, 17, 314)- I? addition to these natural 


^u.b 2 £.i ’A »&**■ 

when borneol, of the same sign of rotation as the humorous esterB of bomcol are known, 
camphor used, ib obtained mixed with a small Thoso of j.bomeol, which occur m naturc. are 
* proportion of wobomool of opposite sign (Haller, h(yfnyl acetokf in 0 il of valenan (Bruylants), 
?)ompt. rend. 1887, 105, 227 ; Beckmann, J. pr. giberian fi r oil, Abies sibmca ; Ledeb (Hirsch^ 
Chem. 1897, [2] 55, 31), and in small proper- j 8ohnj C hcm. Zentr. 1892, n. 793), hemlock 
tion with (-borneol it is found among the pro- oe ollf Mi™ canadensis ; Michx. (llwnkel, 

duots of the distillation of amber witdi potash I } ] harm Review, 1896, U, 35 ), and coriander oil 
(Berthelot and Buignet, Annalon, 1800, 115, j Cortandrum sativmn jl^ 

^Borneol is harder and less volatile than 


15001601 is narur-i a,tivx ~ - 

laurel camphor, and docs not sublime in the 
bottles in which it is kept. It has a peppoiy 
camphoraceous odour and burning taste. 
M.p. 203°-204° (preparations containing ^o- 
bomcol melt 200--208") ; bp. 212 . »P K r - 1 01 
(Plowman, Pharm. J. 1874, [3] 4, 711) It. 
crystallises in the hexagonal system ( Iraubo, 
J.^pr. Chcm. 1894, f2J49,3) ; 37 ‘ 7 ° (Beck- 

mann, Annalen, 1889, 250, 353 ; Haller Gompt 
rend 1891 112,143; Pickard and Littlebury, 
Chem Soc. Tmns. 1907 , 91 1973) Borneol 

is a saturated secondary alcohol, and on oxida- 
tion yields camphor, C 10 Hi a O of the s 
rotatory sign. Powerful oxidising agents pro- 

r: f w*v„ sL fa !Ss 


Fharm rtoview, iw»o, *■*, uu„ , 

Conundrum sativum (Linn.) (Walbaum and 
Muller, Wallaoh FcBtohrift, 1909, 654), horny 
formate, butyrate and isoua(mana(e in oil oi 
valerian (Bruylants). * . 

Inaotive borneol, the racemic mixture o 
d- and (-borneol has been obtained by tin 
distillation of the crude product of the action of 
sulphuric acid on turpentine (Armstrong and 
Tilden, Chom. Soc. Trans 1879, 35 762) ; an 
ester of t- borneol is also obtained by tieatmg 
pinene with oxalic acid (Schindelmeisor, J. Bus. 
Phys Chem. boc. 1902, 34, 954). 

Isoborneol, a stereoisomorido of borneol and 
an intermediate product in the manufacture o 
synthetic camphor, was first obtained by 
Bertram and Walbaum (J. pr. Chem. 1894 [2 
49 , 1 ) from camphene obtained by the action 
sodium acetate and glaciaUcetic acid on pmenc 


r LnLf acid 0,„H 1 A 0 J , and further dium acetate and glacial acetic acid on pmeu«, 
dogrsid^on^productB (Laurent, 4 Annalen, 1837, j h ydiochUmdo at 200“. Oamphene _» warmed 
oo^ 1*15 ■ Pelouzc, ibid. 1841,40,328; Kachlcr, : w R b glacial acetic neid and a li , 1 » 


hvdiochlondo at uampuu 

with glacial acetic ncid and a little, 50 p.o , 
sulphuric acid, and the resulting acetate w 
decomposed by alcoholic potash, /aoborniol 
can now be prepared from pinene hydroehlor do 
directly, by the action of boiling glacial acetic 
acid in the presence of a small quantity of a 
metallic salt such as anhydrous mno chloride 
(Weizmann and Clayton Aniline Go., Lng. ia, 
8266 1906). It is also formed to a small extent 
'"oto -rngVornnl Monde. C l 0 E,fl, a product ] in th ' e r „luct,an of laurel oamphor (Book-nann, 
utehtical with pinene hydrochloride or artificial I j r Chem. 1897, [2] 56, 35). It differs from 
eimnhor ’ For the characterization of borneol , borneol, physically, in its greater volat y» 
C 1 „H,Oa)NH l .b m.p. b „ h ra P p . W (in seated .tuba) 

1 3R°-4 39° (Bertram and Walbaum, J. pr. Chem. gofubihty m benzene and kg I , 

894 \2\ 49 5), the acetate C l0 H 17 OAc, m.p. 29° chcraioa fl y in its greater stability towards 
(B and W.' Arch. Pharm. 1893, 231, 304), and 0Xldiaing agents, and in the ease with which it 
• the addition products with bromal, m.p. 105 - ] 0BeB wft ter forming oamphene. It 

108 ° (Minguin, Compt. rend. 1893, 116, 889), and adcb tion compound melts at , 

chloral mm. 55°-56° (Haller, ibid. 1891, 112, tically acilV o isobomeols molt at 214 and 
146 ) ^employed. hLeial ±34-3° (Pickaid and Little 


328 , , 

ibid. 1878, 191, 143). Removal of a moloculc 
of water by phosphoric anhydrtde > ** 

solid ternenc, oamphene , C 10 H 18 ( Waiiacu, tow. 
1885. 230, 239); for th« of A? 

ohanco, sec Meerwem, ibid. 1914, _405, 123). 
Concentrated hydrochloric acid (Berthelot And 
1859 112 , 366), or phosphorus pentachloridf 

(Kaohler ibid. 1879, 197, 89) reacts with borneol 
producing bornyl chloride C^H^Cl, a product 
nrifb mnene hvdrochlonde or artificial 


oui, ii*, onticaliv active mmumouio * 

i), are empioyeu. have [al±U^ (Pickaid. and Littlebury, Chem, 

(-Borneol is a constituent of tho following Trans 1907> 91 , 1979). 

oils ; Valerian, CaKphr „, isom cric with borneol. Cmefl, 


c, dz'i’so ztz e «r r AZr ‘ e ' 

1906, i. 1552), Vellow P.ne, P.»«* IwO), c5^u“ MehUnca CojeputiJB^h.) 

(LtaO (WaUach bnd GMemeister, Mi. 1888, ! £V*W) 
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(Wallaoh, Annalen, 1888, 245^ 195). It has a 
o*mphor-like odour and in optically inactive. 
It is characterised by its addition compounds, 
with the halogens, with hydrobromio acid, 
m.p. 50°, which also serves for the isolation of 
small quantities (Wallach, Annalen, 1888, 246, 
280), wit phosphoric acid (Soammell, D R. P. 
80118), with ai.enic acid (U.8. Pat. 705545, 
Thoin.i and Mulle, Arch. Pharin. 1904, 242. * .*2), 
with iodole (tetraiodopyrrol), m.p. 112° (Ber- 
tram and Walbaum, Arch Pharm. 1897, 235, 
178), by means of wiiich very small quantities 
can be detected (iiirschsohn, Chem. Zentr. 
1893, i 503,, and with resorcinol (Bacyer and 
Villigei, Tier. 1902, 35, 1209). The compounds 
with hyi’r* 'bromic acid, p 1 ' .spheric acid, arsenic 
acit^ and ici-orcmol arc used tor its quantitative 
estimation y Turner and Holmes, Amor. J. 
Pharm. 1915. 87, 101), tl»' question as to their 
relative nffc *ieuey being still a matter of disputo. 
Dehydrating agents convert eimol into dvpentene 
C 10 11 J8 (Wallaoh and Brass ; llell ami Sturckc; 
Oxidation by permanganate gives cincohc act'! 
Cioli 18 0 5 , m.p. 197 (Wallach and Gildemeistcr), 
but towards roducing agents it is very stable. 
The oxygen atom m euieol is present as an oxide 
or other finking. 1 lie artiiicial production of 
cineol has been effected by the action of duuve 
acids on teipineol or torpm hydrate (Wallach, 
Annalou, 1887 239, IS). 

Cineol is used m medicine as a loeai anti- 
septic dressing, and for eid " crhal.condit ions of 
the respiratory mucous membranes. 

The volatile oils of ' he foil* *ing contain 
other isoniondes of borneol ; Citronella, Andio- 
pogon Nardil* (Linn.) (Semmler, Ber. 1893, 
26, 2254) and / culyptu s c Uriodora (Hook.) 
(Schimmels, Rept 1 ' 07, 2, 35) g nutain d- 
Cilrondlal, whilst I -< 'tlroudlal is contained in 
‘ Java lemon oil ’ {ibid. 1903, I, 21). Linaloe, 
Ocoloa <'Miid da (Me/..) (Barbier, Compt. rend. 
1895, 121, 168), Lavender, Lavandula vara 

(1) .C.) (Bertram and Walbaum, J. pr. Chem. 
1892, (2] 45, 590) ; Bergamot, Citrus A ur ant mm 
(Linn.) (Bertram and Walbaum, ibid. 602) 
contain 1 -hnalol ; whilst d -linalol (‘ roruindrol ’) 
is contained in oil of coriander, Gonandrum 
sativum (Linn.) (Barbier, Compt. rend. 1893, 116, 
1460). Geranium, Pelargonium graveolens (Ait.) 
(Bertram and Gildomeister, J. pr. Chem. 1894, 

[2] 49, 191), Cdronella, Andiopogov Nardus 
(Linn.) (Hohimmols, Root. 1893, 2, 12); Lemon 
grass, Cymbopogon flexuosus (Stapf.) (Tie- 
manu and Hemmler Bor. 1893, 26, 2721 ' 
contain geraniol (‘ rhodinol ’). Neroli oil from 
Citrus Aurantium (Linn.), subspec. amara 
(Linn.) (Hesse and Zeitschel, J. pr. Chem. 1902, 
(2J Go, 481) contains ncrol. d -a-Tcrpmeol, 
m.p. 37°-38°, is a constituent of oil of sweet 
<yange, Citrus Aurantium (var.) duke (Linn.) 
(Stephan, pr. Chem. 1900, [2] 62, 523) of 
neroli and petit-grain oils ; l-a-terpineol of oil 
of camphor, Ctnnamomum Camphora (Nees et 
Eberm.) (Schimmels, Rept. 1903, 2, 39) ; 

1 - Terpineol, m.p. 35°, of cajeput oil, Melaleuca 
cajepuli (Roxb.) (Voiry, Bull. Soc. China. 1888, 
[2] 50, 108). 

•Common and allied camphors. Laurd Cam- 
phor ; Dcrtio Camphor. ( Camphre , Fr. ; Camphor , 
Ger.) C 10 H 18 O 1.7.7 -TrimHhyl »fl-2.2]-6tcwcZo 

2 - heptanone. Common camphor in contained in 
all parts of the camphor la rel, Ci inamomum j 


Camphora (Nees ot EbermO, a tree inhabiting 
Japan, Formosa and Southern China, it 
ocours also as a constituent of the volatile oils 
of Spike, Lavandula spica (D.C.) (Lallemand,* 
Annalen, I860, 114, 198); Rosemary, J Bos* 
marines offilinaMs (Linn.) (ibid. 197) ; Sage, 
Salvia officinalis (Linn.) (Muir, Chem. Soo. 
Tranrf. 1880, 37, 678) ; Siam Cardamom, 
Amomum Cardamomum (tdnn.) (Schimmels, 
Rept. 1897, 2, 9) ; American Wormsoed, Cheno- 
podiuni ambro30ides (Liiu^) var. anthdmirdhii um 
(Gray) {ibid. 1908, 1, 112), and Sassafras, Sassa- 
fras officinalis (Nees) (Power and Kleber, 
Pharm. Review, 1890, 14, 101). 

Although camp' or is at the present time 
still manufactured artificially, most of the 
camphor of commerce is obtained from the 
camphor laurel, the chief industry being con* 

| lined to Japan, Formosa and China. The 
j experimental plantations winch wero under* 

, taken for the production of natural camphor- 
.a Florida, California, Jamaica, East Africa, 

I Malay States, Algeria and Ceylon have at 
least in one case, that of Florida, begun 
to furnish camphor on the commercial scale 
(Oil, Paint and Drug Rep., March 29, 1916). id 
J Formosa the camphor industry before the China- 
I Japanese war was nominally in the hands of the 
' Chinese, but owing to the savage Btate of the 
interior of the island, and the unscrupulous 
methods of the dealers, it had declined to 
, small and unimportant proportions. Afterwards 
Japan assumed the control of the industry, and 
it was made a government monopoly in 1899, 
and this was oxtendod to Japanese oamphor in 
1903. Since tho establishment of the monopoly 
the old crude methods of obtaining the oamphor 
(Fluck. and Hanb. 513) have been replaced by 
more modem ones. The camphor wood in the 
form of chips is steamed in roughly built 
furnaces, andrthe camphor which is driven off 
is condensed in cooled wooden vessels, and freed 
from most of tho oil by draining, crude or 
‘ grade B ’ camphor being thuB obtained. For 
the production of refined or ‘grade A’ camphor, 
the crude material is heated in large iron retorts, 
through which a current of air is passed. For 
the first 48 hours only sufficient heat is applied 
to drive off the water and oil. The retorts are 
then connected with a oondensing chaihber, 
the roof of which is cooled by running water, 
and are heated to a high tomperaturb in order to 
volatilise the camphor. It is .then formed into 
blocks in wooden moulds and pressed, first by 
steam power and finally by a very high hydraulic 
pressure (Collins, J. Soc. Chem. Ind. 1904, 75). 
The yield of camphor is greater in winter -than 
in summer, while the reverse is true of the oil. 
In summer a charge of 120 kilos, of wood gives 
2’4 kiloB., or 2 p.c. of caipphor, and 1‘8 litres of 
on ; in winter, 3 kilos., or 2'4 p.o. of oamphor 
and 0'5-0'7 litre of oil. f 

Crude camphor appears in commerce as a 
coarse wet powder of a greyish-white colour. 
Chinese crude camphor is paoked in round wooden 

I iots of about 150 lbs. net content, Japanese in* 
ead-lw&i wooden boxes containing about 
130 lbs. net. The principal impurities of czfde 
camphor are water, camphor oil, iron, sand, 
wood, &c. JLighi oil of camphor has a sp.gr. 
« 0-895-0W; b.p. 170°-180°, and contains 
pinene, campheno, dipentene, phellam Irene and a 
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fenohene. Heavy oil of camphor, having a 
sp.gr. of, 0*960-0*970, and b.p. 240°-300°, 
contains cadinene, safrol, cugenol, cineol, 
Tench one, terpineol, &e. Besides these com- 
pounds, both of the oils contain a large amount of 
camphor in solution. Before refining *crude 
camphor, the oil and water must be got rid of, 
as the oil gives the refined camphor a fatty 
touch, and the water renders if opaque. The i 
elimination of water and oil is often effected by 1 
washing in a centrifugal machine with small j 
quantities of water ; the liquid draining off j 
contains both oil and water. The separation I 
is also done by hydraulic pressure, or by I 
crystallisation from boiling benzene or light 
petroloum. Rosubhma'tioh in Europe is done 
principal ly in glass retorts, yielding a round 
concave cake weighing 6-8 lbs', having an open- 
ing in the centre. In America the camphor is 
sublimed from flat iron pans with non covers, , 
yielding plates of about 18 inches square and 1 inch 
tliiok, weighing from 8 to 10 lbs. The pioccss 
consists m mixing the camphor with a little lime, 
charcoal or iron filings, according to the quality, 
#nd charging each pan with about 12 lbs. of 
material ; the subliming pans are heated slowly 
for 2 hours, and then fired rapidly up to 190“, 
this temperature being kept for from 12 to 16 
hours. After cooling, the icfined product is 
removed from the cover by slightly heating, and 
is then cut into tho desired shape (Drobegg, 
J. Soo. Chem. lnd. 1907, 381). 

Purified camphor comes on to the market 
in three forms, bells,’ ‘ blocks ’ and ‘ flowers.’ 
Block camphor consists of colomiess translucent 
masses traversed by numerous cracks It can 
bo broken but is too tough to admit of being 
liowdcrod by trituration. Tins may, however, 
bo readily effectod if a little alcohol bo added, 
which ('scapes aguin during the operation. 
Camphor finds very extonsivl? commercial 
application in the preparation of celluloid, m 
medicine where it is used externally us a mild 
rubefacient and to destroy parasites, internally, 
as a carminative and intestinal disinfectant, | 
and to a minor extent m the manufacture of i 
explosives. Sp.gr. 0*986-0*996 ; m.p. 176°, I 
178*75° oorr. (Lenz. Arch Pharm. 1911, 240, 1 
289) ; b.p. 204°, It sublimes to some extent at 
ordirfury temperatures and condenses in hexa- ' 
gonal crystals (ef. Eolger, Y.B. Pharm. 1886, 
232) ; [a]^ 44*22° m 20 p.c. alcoholic solution 
(Beckmann, Animlon, 1889, 250, 353). Re- 
fraction coefficient (Kanonmkof, J. pr. Chem. 
1885, [2] 31, 348). Camphor in common with ! 
chloral hydrate and some other substances 
rotates in a peculiar manner on the surface of 
water (lowering of surface tension by solution), | 
(Tomlinson, Plul. Mag 1873, [4] 46, 376 ; Pharm. 

J. 1874, [3] 4, 654, 672-; Chem. Mews, 1885, 62, 1 
50V H “ very sparingly soluble m water , 
(1 : 700), readily in 90 p.o. alcohol (1:1), also ; 
in chloroform and ether. Mixed with chloral 
hydrate, it forms an oily liquid C 10 H ie O, 
fCCl.CHOjHjO, which has been employed in 
medicine as an anodyne pigmont (Brown, 
Pharm. J. 1873, [3] 4, 729; Saunders, ibid. 
lS'Ai, [3] 7, 89 ; Cazeneuve and Imbert, Bull. 
Soc. Chim. 1880, [2] 34, 209 ; Zeidler, J. 1878, 
646 ; Albright, Amer. J. 'Pharu^ 1886, 282), 
Similar combinations take place between 
^camphor and chloral alcoholate (Zeidler), phenol. 


(L6ger, Bull Sqp. Chim. 1890, [3] 4, 725) ; 
menthol (Kyle, Amer. J. Pharm. 1886, 429), and 
thymol (Symes, Pharm. J 1879, [3 1 9, 598). 

1 Camphor is a saturated hydroaromatic 
ketone, but does not combine with sodium 
bisulphite. For identification purposes use is 
1 made of the oxime l' I0 H, 6 NOH, m.p. 118°-il9° 
! (Auwers, Bor. 1889, 22, 605), the semtearbazone 
C 10 H J6 -M*MJ1CONH 2 , m.p. 236°-238° (Tie- 
mann, Ber. 1896, 28, 2191), the oxymethylenc 
compound C 10 H u O— CHOU, m.p. 80°-8P’, and 
the bmzyhdaic compound C ) „H )4 0=(’HC 6 H 5 , 
m.p. 90". Of its substitution products, one, 
a-bromucamphor (', „ll 16 ()Br lias been employed 
in medicine as a sedative in nervous excitement, 
and is an article of trade. *It is best prepared by 
treating powdered camphor with ImmuiiCg at 
100°, pouring the liquefied product into wate r and 
reerystallising from spmt (Armstrong and 
Matthews, Chem News, 1878, 37, 4) It has a 
weak eaniplionu eous odour and taste; nip 
70° ; b.p. 274". It is insoluble pi water, but 
soluble in the common organic solvents, m fixed 
oils, and in sulphuric acid By the action of 
reducing agents camphor is ((inverted into a 
mixture of bornool and woborncol, t(u' fonm r 
predominating (Beckmann, J. pr. Chem. 1897, 
|2|55, 35; Haller, Tempt rend 1887,105,227,'. 
On oxidation with nitric acid (Kaehler, Aimalen, 
1878, 191, 143) oi hot alkaline permanganate 
(Giossei, Ber. 1881, 14, 2507), camphor yields 
camphoric and ( , h ll J1 (( , 0()H) 2 . 

; Syntfutic Camphor ; Inactive Camphor. 

I Camphor can bo manufactured from turpentine 
, oil, and has from time to time appealed on the 
market. It is termed ‘ synthetic ’ camphor to 
distinguish it from the so-called ‘ artificial 
camphor,’ which consistsof pinene hydrooldoride, 
and is unsuitable for the thief purposes to which 
camphor is applied. Only when tho prices of tho 
natural product arc abnormally high lias 
synthetic camphor been able to compote with* it. 
.During the war, m (formally, owing to the 
failure of supplies of (/-camphor, the Bcheriug 
interests and probably othoi firms (Houseman, 
Amer. J. Pharm. 1915, 87, 58) produced 

synthetic camphor m quantity, whilst the 
American Camphor Corporation contend that 
they can supply tho requirements of the celluloid 
trade with synthetic camphor (Oil, Paint and 
Drug Rep., March 29, 1915). Natural camphor 
and synthetic camphor only differ in their 
action on polarised light, the latter bemg either 
inactive or showing only a slight activ’ty ; in 
their physiological action they are identical 
(Joaclumoglu, Ber. deut. Pharm. Ges. 1916, 26, 
427). By working at low temperatures, how- 
ever, Darmois (Compt rend. 1910, 160, 925) has 
obtained synthetic camphor with tho rotation 
of natural camphor, French oil of turpentmtf 
yielding /-camphor, whilst turpentine from tho 
Aleppo pino, Pinus hah penis (Mill.) yielded 
(/-camphor. Tho various routes taken by 
patented processes for the manufacture of 
synthetic camphor are shown by Fig. 1. 

The first commercial process consisted essen- 
tially in converting oil of turpentine - iijto 
pinene hydrochloride, which compound by eli- 
mination of hydrogen chloride yields oamphene. 
Oamphene is jbhen converted into woborneol, 
which, like natural borneol, yields camphor 
op oxidation. For^tljo preparation of pinene 
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hydroohlot uio, oil ol turpentine, which contains ! 
70-90 pA of pinene, depending on its origin, is 
treated with dry hydrogen chloride, whereby a 
solid hydrochloride h, obtained together with a 


PINENE 



Flu 1. | 

liquid hydti'chloude which is not suitable for the 
manufactui ■ 'f cumphehe. t his liquid hydro- | 
chlornle cont u s a considerable proportion ot 
the solid hydro- idondc in solution, which may 
he n covered by oxidising tlio oily product with 
dilute nitre d, or by extraction with petroleum 
after treatment with sulplmnc acid at 40°, 
winch poly menses tho ml (Fug Pat. 7319, 1908). 
The preuaration of camphune by the removal of 
hydrogen chloride from pinono hydruehlorido 
(Wallach, Annalen, 1887, 239, 0; Bruhl, Ber. 
1892, 25, 147 ; Roycble 1 Bull. Boo. (’him. 1890, 

1 31 15, 371) was at first amended with dilhcult-y • 
the yield was small and the product was liable 
to contain ehlonde. During the last two 
decades tin folSwing methods have b- e» 
oaten ted for the production of eampheno in 
large quantities, many of win- are # clannod to 
give almost ti iretical yields and a product free 
from chloride Heating the i./drocl.' iride w,th 
bases of the aliphatic series such as methyl- 


heating with a- or 0-naphthylamine (IX 11, P. 
206380, mi), or with aniline (D. R. P. 205860,. 
1907) ; by heating with a rneta- or pyro-horato, 
silioate, phosphate or arsenate in aqueous solu- 
tion (D.*R. P. *206295! 1908) ; by heating with 
phenol, oresol or naphthol and* tho carbonate of 
an alkitli or alkaline oarth metal • (Eng. Pat. 
13902, 1909) ; by heating under reflux until the 
hydrochloric aoid has gone (U.S. Pat. 923907, 
1909) ; by the Grignard reaction (Hesse, Ber. 
19C5, 39, 1127). According to Eng. Pat. 10227, 
1910, pmene vapour when passed over a 
cata.yst at 200°-300° is converted into camphene. 

Bertram and Walbaum (J. pr. Ohem. 1894, 
[2] 49, 1) in ado the discovery that campliene is 
converted into i-soborncol by warming with a 
mixture ot acetic acid and a little sulphurio acid, 
and decomposing the resulting wo horny 1 
acetate by alcoholic potash. This method is 
employed on the manufacturing scale. A 
v« riant of the method is described m Eng. Pat. 
19961, 1900, where camphene is heated with 
oxalic acid m a suitable solvent with a condensing 
agent such as sulphuric or phosphorfc acids with 
formation of normal and acid esters of tsobomeol. 
Gan, phene has also been directly converted into 
woborneol by boiling in acetone with half its 
weight of 20 p.e. HjjO! for 10 hours, or in an 
autoclave at 100° for a shorter time (Fr. Pat. 
385341, 1907). Tho woborneol purified by 
crystallisation from light petroleum or benzene 
is then oxidised to camphor. For this purpose 
various oxidising agents are employed, many of 
which have been patented. Amongst these are : 


amine, or with pipeiazino or piperidine (U.S. Pat. potassium permanganate in glacial acetio acid 
*■"7270, 1902), or wi i tertiary bases of the (Ber. 1900, 33, 3430); aqueous solution ol 
pyridine and quinelim ^ up (Eng. P|t. 5032, permanganate employed with a benzene solution 
1900); by heating with d< oholic, aqueous, or of woborucol (Fr. 1‘at. 341513, 1904) ; potassium 
gaseous ammonia (U S Pat. 707271, 1902), or permanganate in alkaline solution (D. R. P. 
ammonia in j-i unco of a phenol (D. R. P. Anm. 38311, 19<ft) ; chlorine, either gaseous or 
204240, 1912); by heating with aqueous sodium in solution (Eng. Pat. 28035, 1904; U.S. Pat. 
hydroxide or ammonia in presence of u soap 802792, 1905) ; hypochlorite, either alone 

( U.S. i’at. 725890, 1903) ; hy heating with lead (U.S. Pat. 804102, 1907). or in presence of copper 
acetate in glacial acetic acid soluti >n ( Fr. Pat. and ferric chlorides (Eng. Pat. 20050, 1908) ; 
345)896, 1904); by heating with glacial phos- chromic acid or chromates (Eng. Pat. 20779, 
phorm acid m glacial acetic acid solution 1904; 14550,1907); in acetone solution (Eng. 
(D. R. P. 207888, 1908); by heating with a Pat. 2' 940, 1907) ; or in presence of an indifferent 
metallic salt of a higher fatty acid (Eng. Pat. solvent (Eng. Pat. 5513, 1908 ; 24779, 1912) ; 
19900, 1900 ; 15*48, 1907), or with a mixture of mtrio acid in which tho presence of nitrous acftl 
metallic salts of i fi< h..ty acids (Eng. Pat. £488, is essential (Eng. Pat. 9857, 1907) ; nitric acid 
1913); by heating will' a metal and an oxidisin „ r m presence of \ anudic acid and oxygen (Eng. Pat. 
agent, such as zinc and barium peroxide m 180*7, 1908) ; nitric acid in presence of a halogen 
molecular pi oportions (Fr. Pat. 301333, 1905); (Uh. Pat. 1313001, 1919); oxygon (U.S. Pat. 
by heating with salts of phenols or naphthols 80 14° 5, 1905) ; oxygen, oxides ol heavy metals or 
either anhydrous or in presence of water (Eng peroxides (Fr. Pat. 386352, 1907); basic oxidising 
Pat. 10429, 1906; 21180, 1900; 5674, 1908); substances, e..g. CuO,HffO (Eng. Pat. 3750,1908); 
by heat-nm with lime or other similar oxide metals or oxides which can liberate hydrogen 
(l«r. Pat. 376897, 1907 ; Eng. Pat. 25453, 1907), from woborneol (Eng. Pat. 20708, 1908) ; eleotro- 
in tye prosemo of phenol at 180° (Eng. Pat. lytic nu-thods (U.S. Pat. 8750G2, 1907 ; Fr. Pat. 
22810, 1900), i the presence of polyvalent 387539, 1907) ; ozone (U.S. fat. 801483, 1905) ; 
ah ohrlsor carbohvdrates(Eng. Pat. 10784, 1907); nitrous anhydrido (U.S. Pat. 802793, 1905) ; 1 
by heating with alkali, and alkali or alkaline earth metallic copper at 300° in absence of air (Eng. 
salt of a sulphonic acid of the benzene or naphtha- Pat. 17573, 1900).. According to U.S. Pat. 
'lone series (Eng. Pat. 10783, 1907); by heating 790001, 1905, and Eng. Pat. 21171, 1906, iao- 
with alkali or alkaline earth salts of organic sul- bornyl acetate and other wobonvyl esters can be 

f hamides or with phenolsulphonio acids (D. R. P. directly oxidised to camphor without previous 
97340, 197805, 1907) ; by heating with alkali saponification. 4 

or alkaline earth hydroxides in presence of Camphene can also be directly oxidised to 
compounda which combine with watlr such as camphor (Armstrong and Tilden, Ber. 1879, 12, 
alkali or alkaline earth oxides (Fr. Pat. 413282, and the *Mlowing processes have been 

19p9) ; by heating with zinc oxide in presence of patented : Treatment with ozone at 80° (Eng. 
alkali hydroxide (Eng. Pat. *114)29, 1911); by fata 21294, 1890) ; treatment mth hot air or 
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oxygon (Eng. Pat. 3555, 1890) ; oxidation by 
potassium permanganate in acetone solution 
(addition to Fr. Pat. 349896, 1904) ; treatment 
of camphene at 180° with an oxidising agent, 
such as chromic acid, converts il into oxonide 
CjoH^Oj, which loses oxygen on treatment with 
water, and is converted into a lactone, camjiheno- 
lide, which yields camphor on heatmg in 
presence of water (Fr. Pat. 361333, 1905) ; 
oxidation with a par- salt of potassium and 
sulphuric acid (Fr. Pat. 389092, 1908). 

Another method of obtaining synthetic 
camphor depends on the formation of bornyl 
and xAobornyl eatery by the direct action of 
various acids on pinene or turpentine oil. 'Flic 
following processes have been patented : Treat- 
ment of anhydrous turpentine at I20°-130° 
with anhydrous oxalic acid (U.S. Pat.. 698761, 
1902, cf. Pond, J. Sue. (’hem. lnd. 1907, 385) ; 
by heating pinene with anhydrous oxalic acid in 
presence of anhydrous chlorides, c.g. A1C1 S with 
the addition of a diluent (Eng. Pat. 14408, 1908) ; 
by heating turpentine with an alcohol and an 
acid anhydride, e.g. B 2 0 3 at 120 o -140° (Eng. Pat. 
11248, 1908) ; by heating pinene with an 
aromatic poly substituted acid (l£ng. Pat. 18049, 
1908) ; terpenes or oils containing terpenes 
heated at 160° with propionic or butync acid 
(Fr. Pat. 408106, 1909). Similar methods, 
based on the direct formation of bornyl or iw- 
bornyl esters from pmene hydrochloride, have 
been patented : by heating with an alkaline 
formate or oxalate in alcohol and water for 
10 hours to 120° (Eng. Pat. 5549, 1904) ; by 
heatmg with metallic formates and fornuc acid 
(Eng. Pat. 14379, 1907) ; solid pinene hydro- 
chloride is heated with an alkaline earth oxide 
in presence of excess of a lower member of the 
fatty acids (Fr. Pat. 393504, 11^)8) ; turpentine 
treated with dry hydrochloric acid gas is boiled 
with an alkali, alkaline earth or metallic butyrate 
or propionate in prosonco of excess of the corre- 
sponding fatty acid (Fr. Pat. 408065, 1909) ; by 
heating pinene hydrochloride in acetic acid 
solution with load acetate (Fr. Pat. 349896 
1904) ; by heatmg in acetic acid solution with an 
acetate and fused CaCl 2 or KRS0 4 (Eng. Pat. 
1936, 1908) ; by heating with acetic acid in 
presence of zinc chloride (Eng. Pat. 8266, 1906), 
or some other zinc salt (Eng. Pat. 10798, 1906), 
and with addition of an alkali or alkaline earth 
salt of a formate, acetate or butyrate (Eng. Pat. 
18280, 1906) ; by heatmg with the acetate of an 
alkaline earth for 20 hours at 180° (Fr. Pat. 
375690, 1907) ; by heating with a fatty acid in 
presence of metallic zinc (Eng. Pat. 16606, 1907), 
or by heating with organic acids in prosonco of 
zinc (Eng. Pat. 14752, 1908) ; by heating with 
fatty acids and zinc chloride m presence of 
(ob&ltous chloride or other suitable inorganic 
salt (Eng. Pat. 22129, 1907) ; solid pmene 
hydrochloride is shaken with a salt of acetic or 
stearic acid or phenol with an excess of either 
acetic, stearic acid or phenol in presence 
of a dehydrant (Fr. Pat. 382790, 1906). 

The direct conversion of pinene hydro - 
Chloride into camphor is claimed in Eng. Pat. 
27317, 1913, by heating t with nitric acid or its 
salts in presence of a catalyst* yhilst two pro- 
cesses for the conversion of turpentine into 
camphor have been patented. They are : 
turpentine is treated with a ha’ogen at a lSw 


temperature, — ^K5°, until the increase in weight 
is 25-50 p.c. , and the product, still at a low 
temperature, is mixed with one-eighth to one- 
fifth its weight of NaOH, when it is converted 
into camphor (Fr. Pat. '392182, 1907); turpen- 
tine in a neutral solvent is treated with nascent 
oxygen (Fr. Pat. 406005, 1908). 

(For analyses and points of difference 
between natural and commercial synthetic 
camphor, see Crane and Joyce (J. Soc. Chem. Ind. 
1907, 386), Lohmanu (Ber. deut. Pharm. Ges. 

1909, 19, 222), and Lenz (Arch. Pharm. 1911, 
249, 289).) 

La-vo camphor ; Matricaria camphor. 
This camphor occurs naturally in the volatile 
oils of Feverfew, Matricaria Parthcmum (Linn.) 
(Chautard, J. pr. Chem. 1848, 45, 45; Conipt, 
rend. 1853, 37, 166) ; Tansy, Tanacelum vulgare 
(Linn.) (Sohimmels,’ Rep. 1895, u. 35) ; and 
| Artemisia Nana (Pursh.) (Whittelsey, Chem 
Zentr. 1909, ii. 2160). Tt is also^a constituent of 
Ngai camphor, the solid portion of tho oil of 
Blumm balsamifcra (J).C.) (Schimmels Rep 

19 10, i. 149). it can be prepared by oxidation 
of camphene obtained from la^vorotatory pinene 
(Riban, Bull, Soe. Chun. 1900, 24, lit ; JJarmois, 
Conipt. rend. 1910, 150, 925), and by oxidation 
of Loomed with nitric acid (Pope and ilai vey, 
Chem. Soc. Trans. 1901, 79, 76). It differs from 
common camphor only in its behaviour towards 
polarised light. 

Inactive camphor is a constituent of the 
oil of Chrysanthemum smensc (vur.) japom- 
cum (Keimatsu, J. pharm. Soc. Japan, 15)09, 
236, 1). 

The following art; the more important 
isoinerides of eamplmi which occur naturally 
in* volatile oils: Pnleyonc C l0 H 14 O, is only 
found in oils of the Labiula , chiefly in European 
Pennyroyal, Mentha pultgium (Linn.) (Beckmann 
and Plcissner, Annalen, 1891, 262, 1) ; Feflchxme 
in its dextro modiiieation is a constituent of oil 
of Fennel, Focmculwin vulgare (G.) (Wallaeli, 
Annalen, 1891, 263, 129), whilst the lano variety 
is found in oil of Thuja, Thuja occidentahs (Linn.) 
(Wallaeh, Annalen, 1892, 272, 99); Thujone 
occurs in threo forms, as d-a -thujont m Thuja oil 
(Paolini and Divizia, Atti. R. Accad. doi Linoei, 
1912, 21, | lj 570) ; as 1 -a-thvjone m the same oil 
(Wallaeh, Annalen, 1893, 272, 99); and ns 
d-0-thujonc m oil of Tansy, Tanacelum vulgare 
(Linn.) (Semmler, Ber. 1892, 26, 3343), and oil of 
Wormwood Artemisia Abstidhium (Linn.) (ibid .) ; 
Cxtral is a frequent constituent of volatile oils 
and a major ingredient of the oil from Back- 
housia citnodora (F. v. M.) (Bertram, Scliimmels, 
Rep. 1888, ii. 17), and of Lemon-grass oil, 
Cyvibopogon jlexuosus (Stapf.) (ibid.) ; Sabinol 
is the most important constituent of oil of Savin, 
Jumperus Sabina (Linn.) (Fromm, Ber. 1898, 
31, 2025). 

The more important homologues of common 
camphor belong to the sesquiterpene alcohols 
(see Terpenes). Owing to their capacity for 
crystallising from volatile oils some of them nave 
long been known. 

Matico camphor C 16 H 2 ,0, was formerly a 
constituent of oil of matico, Piper angustifolium 
(Ruiz et Pavon), but appears to be absent from 
I present day oils. M.p. 94°, [a]^— 2&*7° (in 
I chloroform). Boiling with 25 p.o. sulphurip 
r acid converts it into a blue sesquiterpene 
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0„H m (Kugler, Ber. 1883, 10, *2841 ; Thoms, 
Arbeit. Pharm. Inst. Berlin, 1905, 2, 125). 

Cedar camphor, Cypress camphor , Cedrd 
q..H„ 0, is ft frequent constituent of the volatile 
oil olJun'vrrus vtryiniana (Linn.), m.p. 80° -87°, 
[<*] y 9.6(ij aloroform). It yields cedrene ' ' ,H a4 
when treated with phosphoric anhydride 
(Walter, Annalen, 1841, 39, 247, cf. also Semuiler 
and Mayer, Ber. 1912, 45, 1384). 

Cidtchs camphor C 15 H 2<t O, is a constituent of 
the volatile oil of Pip r Cubeba (Linn.), when it 
has bun exp 'Bod to the air for some timo. 
M.p. 08 - "’O 0 , b.p. 148°, with loss of water, a 
change winch very leadily takes place undoi 
various conditions of treatment forming a 
scaqftPerpcne 'Schmidt, Ber. 1877, 10, 188 ; 
Schaer and Wyas, Arch. Pharm. 1875, 200, 310). 

Ledum camphor C| 8 H a6 0, obtained from the 
volatile oil oi Marsh Tea, Ledum '[Hilustre (Linn ). 
Needles, m.p. 104°-10f>°, b.p. 282°-283°. The 
sesquiterpene, ttdene C u H ai , is readily produced 
by the action of dehydrating agents (Rizza 
Chem. Z ntr. 1887, 1257 ; Iljelt, Ber. 1895, 28, 
3087 ; Lomidse, Chem. Zeit. Report, 1903, 27, 
284). 

Patchouli camphor, qxitchoali ulcohui 
0j jHjjO, cry; Lai Uses out from patchouli oil, the 
product of Pngostnnon Patchouli (Pell.), m.p. 
50°, L«1 — 97‘V° pm ehloroform). It readily loses 
tho elements of water f” tiing, patchouli' ue 
C, 6 H a4 (Moc golfier, Compt. lend. 1877, 84, 88 ; 
Wallach, Annalen, 1894, L/>, 39* Solum ■ncls, 
liep. 1905, i. 02). 

Eudesmol(\ b K n O is a constituent of tho oils 
of various species oi Eucalyptus, but especially 
of is?, macrorhym Ct < P. , \f.) (Baker afid Smith, 
J. Linn. Soc. N.S.W. 1899, 33, 80) M.p. 84", 
|a] n 3 1 -;C (m chloroform) (Semmler and Tobias; 
Ber.. 1913, 4o, 2020 ; Semmler and Rissc, ibal. 
2303). 

Thyme and allied camphors. Thymol C J0 H u O, 
Isopropyl w-eresol 

Thymol is a constituent of die volatile oils 
of Ajuwan, Car am Coptic am (Benth.) (Haines, 
Chem. Soc Trans. 1850, 8, 289 ; Stenhouse, i 
Amialen, 1855, 93, 209; ibid. 1850, 98, 309; 
Muller, Ber. 1809, 2, 130); Thyme, Thymus 
vulgaris (Linn > ( 1 >. ^eri, Annalen, 1848, C4, 374; 
Lallemand, Hid. 1857, 102, 119) ; Wild Thyme, 
T. JSerpyllum (Linn.; (Jahns, Bor. 1882, 15, w 19, 
Ocimum mride (Wilhl.) (doubling and Pelly, 
Proc. Chem. Soc. 1908, 24, 03); Horsemmt, 
Monarda punctata (Linn.) (Arppe, Annalen, 
1840, 68, 41); Salureia Thymbra (Linn.) 
(Schimnuls, Rep. 1889, ii. 55) ; Origan umhirtvu, 
(Link.) (Holmes and Umney, Perf. and Essent. 
Oil Rec , H13, 4, 73). On the manufacturing 
scale it is m.vared from Ajowan and Horsemint 
Oils (cf. Holme 1 ., Perf. and Essent, Oil Rec., 1910, 
7, 311 ; als- U.S. Dept. Agric. Bull. 372, 1916), by 
extraction with caustio soda solution, when the 
thymoi forms a water soluble sodium salt, and is 
thus separated from the hydrocarbons. The 
alkaline solution is acidified with hydrochloric 
acid, whicn precipitates the crude camphor. It 
may then bo punfied by crystallisation from 
glaoial acetic acid or alcohol. Another plan is 
to submit the oil to fractional distillation and to 
freeze out the thymol from the heavier portions 
of the distillate. A possible source for sy% 


thetic thymol is cymone (U.S. Pat. 1306512, 
1919). 

Thymol has the odour of thyme and a warm 
pungent taste; m.p. 60 - 5°-51 , 6° ; b.p. 282° at 
752 mm. It* is sparingly soluble .in water 
(1 : 1200) and glycenfle (1 : 1QJM)), but readily in 
the usual organic solvents and alkaline solutions. 
It forma a liquid with menthol (Kyle, Amer. J. 
Pharm. 1885, 429) ; camphor (Symes, Pharm. J, 
1879, [3] 9, 598) ; berberine (Llovd, New 
Remedies, 1881, 195) ; But not with chloral 
hydrate (Symes, cf. Mazzara, Gazz. chim. ital. 
18^3, 13, 272). If a solution containing thymol 
be warmed with half Is volume of glacial acetic 
acid, together with more* than its volume of 
sulphuric acid, a doop red- violet colour is 
developed. This reaction w obtained even in 
very dilute solutions. For the further identifica- 
tion of thymol use is made of the phenyl car - 
hamate. C 10 H l8 OOONMPh, m.p. 107° (McKenzie 
tad Semmler, Ber. 1900, 39, 1168), and niiro - 
sothymol C,„H Ja 0(N0), m.p. 160°-162° (Schiff, 
Ber. 1875, 8, 1500). The methyl ether of thymol 
C 1U H i 3 OMe occurs naturally m tho essential 
oil of sea-samphire, Cntlmum maritinum (Linn.) • 
( Detepme and Belsunco, Bull. Soc. Chim. 1918 
Lv. 1 23, 24). 

For estimation of thymol in essential oils, 
Kremers and Schreiner (Chem. Zentr. 1897, ii. 
147, cf. Messinger and Vortinann, Ber. 1890, 23, 
2753) recommend tho followmg process : A ' 
known weight of tho sample is mixed with an 
equal volume of light petroleum in a stoppered 
burette, and agitated with 5 p.o. aqueous caustic 
soda till no further diminution of the oily layer 
takes place, and a drop of tho oil dissolved in 
20 drops of chloroform, on gently warming 
with a small piece of sodium hydroxide, does not 
turn red. The decrease in volume is observed 
or the alkaline iiquor can be titrated with iodine, 
but it appears the results obtained by titration 
are about 3 p.o. lower. (For lodometric 
estimation, see also Messinger (J. pr. Chem. 1900, 
|2J, 61, 247). 

(For tho estimation of the purity of thymol, 
sec Soidoll (Amor. Chem. J. 1912, 47, 608) ; 
Elion (J. Amer. Chem. Soc 1917, 39, 1513) ; 
Redman, Woith and Brock (J. Ind. Eng. Chem. 
1913, 5, 831).) » 

Thymol is extensively used in medioine on 
account of its strong antiseptic properties. In 
its general behaviour it resembles carbolic $cid. 

1 has also been used internally as a vermicide. 
Of its derivatives a great number have been 
tried in medicine, but only three have been used 
to any extent : Thymol iodide (Messingor and 
Vortmann, Bor. 1890, 23, 2754 ; Carswell, 
Chem. News 1893, 68, 181 ; D.R.P. 49739, 
1889) obtaint 1 by condensation of two molecules 
anu bne mtroduction of two atoms of iodine is 
used as a substitute for iodoform ; thymofown 
[C,oHj 8 0 | 8 CH 2 (D. R. P. 99610, 1898) used as an 
antiseptic dusting powder ; thymol carbonate 
(C l0 H l8 O) 8 CO (Richter, J. pr. Chem. 1883, [2] 
27, 505) is used as an anthelminthic. ^ 

Camphors isomeric or homologous with thyme 
camphor. Carvone , formerly carvol C. 0 EUO, 
b.p. 230°, is a liquid iBomoride contained inene 
following volatile oils : Caraway seed, Ca/nm 
earn (Linn.) fViallaob, Annalen, 1893, 277, 197), 
and Dill-fruit Ancthum graveolens (Linn.) 
^Gladstone, Chem. Soc. Trans. 1872, 25, 1), both - 
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containing 60 to 00 p.c. (1-carvone, whilst 1 -earvone 
ia contained in the volatile oils of Spearmint, 
•Mentha viridis (Linn.) (Gladstone, ibid. 
Fluckige'r, Ber. 1876, 9, 478); Kuromoji, 
Lindera serieea (Bl.) (Kwasnik, Arch. Pharm* 
1892, 230, 266). j-6 arvonl has been found in 
Ginger-grass oil, Gymbopogon Martini (Stapf.) 
(var.) Sofia (Walbaum and Hiithig, Schimmels, 
Rep. 1906, i. 34). For the isolation of earvone, 
its power of combining with sulphuretted 
hvdrogen to form a crystalline hydrosulphido 
DooDi 4 0) 2 H 2 S, m.p. 210°-211 D , is employed 
(Fliickiger, Ber, 1875, 0, 468 ; Wullaoh, Annalen, 
1899, 305, 224) ; but a simpler process is to form 
the water soluble compound with neutral sodium 
bisulphite (cf. Subtler, J. fcJoc. Chem ind. 1904, 
23, 303). On reduction earvone yields dihydro- 
cafveol C 10 1I 1S (), a constitue nt of Caraway Oil 
(Schnninels, Rep. 1906, i. 50). 

Garvacrol , cijmophenol C, 0 H l4 O, isopropyl 
o-cresol is a thick oil, solidifying at O ’, b.p 
236°-237°, closely related to thymol. It is 
formed by distilling earvone in preseneo of 
sulphuric acid, phosphoric acid, or caustic potash, | 
and oocura mainly in various thyme, origanum | 
and monarda oils. It may also fie obtained by 
chemical moans from Spruce Turpentine (U S [ 
Pat. 12658(H), 1918; cf. also J. Ind. Eng. ! 
Chem. 1918, 10, 982). For its identification the I 
phenylcarbamate C 10 H ia OCO-NHPh, m.p. 140° 
(Gildemcister, Arch. Pharm. 1895, 233, 188) and 
its mlroso-denvativc C 10 H 18 O(NO), m.p. 153° 
(Klages, Ber. 1899, 32, 1518), are especially 
suitable. 

lrone U, 8 H 80 O is a constituent of oil of orris, 
the product of distillation of lrm germamea 1 
(Linn.), I. jHillida (Lam.), and I. fioinitmn ! 
(Linn.) (Tiemann and Kruger, Ber 1893, 20. 1 
2076) In the dduted state it has an odour of I 
violets. B.p. HIM 12° at 2 tnn., 144° at j 
16 mm. Tt has been synthesized from acetone 1 
and A 4 -cyclocitral (Merlmg and Welde, Annalen, ' 
1909, 366, 119), gee Perfumes. 

Santalol C, 8 H 24 0 is a liquid camphor ob- j 
tained from tho volatile oil of sandalwood, j 
Santalum album (Linn.). The commercial pro- 
duct known under various trade names is pre- 
pared by steam distillation of the finely divided 
sandftlwood. The bulk of the world s supply 
comes from Mysore, where it was being distilled 
locally (Porf. and Essent. Oil Itee. 19J7, 8, 
369).* The physiological action of the oil is 
attributed to its alcoholic constituent, santa- 
lol, which is present to the extent of about 
90 p.c., and has been separated into a-santalol, a 
thick oolourlesH liquid with a faint odour of 
sandalwood, b.p. 301°-302°, -1° 13', and 

P-mntalol, b.p. 158° at 5 mm., [aj^— 41°47'(von 
Soden, Arch. Pharm. 1900, 238, 353, Sehimmels, 
Rep. 1910, ii. 107). 

The oxygen content of tho foregoing cam- 
phors is one atom. The following contain two 
atoms of oxygen : Ihos phenol * Buchu camphor 
^io^i»G|, a crystalline separation from oil of j 
Buchu leaves, Baro&ma bclulina ^Bartl.), I 
B.^crenulata (Hook.), B. serrattfolia (Wiild.) ^ 
(Fluckiger, Pharm. J. 1880, [3J 11, 174, 219), is 
closely related to thy mol. and carvacrol, into 
which it passes quantitatively the action o$ 
concentrated hydrocldoric acid at 150M80 0 . 
M.p. 83°-84°, b.p. 109°-110° at 10 mm. It is* 


I characterised by. its reduction of ammomacal 
I silver solution and Folding's solution (Semmler 
and McKenzie, Ber. 1906, 39, 1158; Konda- 
kbff and Bachtscheef, J. pr. Chem. 1901, [2] 
i 63, 61). 

Inula or Alant camphor , alantolactone 
[ C 1s Il 20 O 2 is the chief constituent of oil of 
Elecampane, Inula Hclemum (Linn.) (Kallen, 
Dissert. Rostock, 1895). M.p. 76°, b.p. 275°, 
with partial decomposition (Brodt. and Posth, 
i Annalen, 1895, 2N5, 349). It dissolves in 
1 alkalis witii formation of the corresponding 
hydroxy acid, which molts at 94 ’. The lactone 
| has been used in medicine, under the name 
‘ helonin,' as an antiseptu? f or internal use. (See 
also Spun/, Arch. Pharm. 1901, 239, 201.) 

H. K. 

CAMPH0RAL. Trade name foi the tam- 
p boric acid ester of santalol. 

CAMPHOSAN. A solution of camphoric acid 
methyl ester m santalol. 

CAMWOOD. Camwood oi ‘ oambo wood,’ 
stated to be douved fiom a variety of Iiap/uu 
ml Ida (if barwood), is very similar m general 
properties to tho other ‘ insoluble red ’ dye- 
woods It is, however, more expensive, yields 
deeper shades on dyeing, and 'its colour ug 
matter is said to be more soluble than that 
present m the other woods 

It has been examined by O’Neill and Peikin 
(Chem. Soc. 'J^ana. 1918, 113, 126). who employed 
for this purpose similar methods to those found 
serviceable with sanderswond (l.c.). 

Iso-sauiahn , the main colouring matter, 
forms a chocolate-coloured powder, which oil 
grinding becomes redder in appearance, and is 
readily sqjuble in boiling methylated spirit. 
When heated, it shews no sign of melting, 
darkens at 280°, and is fully decomposed at 
29U"-3 , K)°, being then a carbonaceous powdei. 
It possesses the formula C 21 ,li 1<I () a ((>Clf 8 ) i! , 
gives with alcoholic potassium acetate the salt 
C W(l H ,.,U 32 K or C 7a li ftri 0 21 K, shows evidence ol 
the formation of soluble oxoinum salts, and in 
general properties closely resembles its isomer 
santalin. The colour reactions and also the 
dyeing properties of the two compounds indicate, 
however, that they are distmet substances : — 

Saiilullu. Iao-santalin 

Alcoholic hydro- 

brouno acid . Crimson. Reddish- violet 

Dilute sodium 

hydroxide . . Dull red. Dull violet. 

Alcoholic ferric 

chloride . . Violet. Bluish -violet. 

For dyeing the colouring matter in alooholio 
solution was added to the water in the dye-bath 
and tho dyeings were carried out (a) omployin| 
wool alone, (b) employing wool alone and subse- 
quently saddening with biehrome, (c) employing 
wool mordanted with biehrome and cream of 
tartar, and (d) employing wool mordanted with 
biehrome and sulphuric acid. 

(«) ( b ) 

Santalm . . Bale dull Dull redditJh- 

red. brown. 

(c) , (d) 

Santalm . Palo reddish- Pale red- 

0 ,pmk. pink. 
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(a) * (M • 

Iso-sankUiu . Pale violet- Dull violet- 

rod. maroon. ’ 

(c) (<*) 

Ixo-sanialin . Violet-red. Violet-red 

weaker than 1 c). 

Acetyi iso-ao ntalin C a4 Hi 8 O a (C 2 H 3 ()) 4 , cor; 
ttiats of a deep salmon-coloured powder, and doeB 
not possess a definite melting-point, being 
gradually decomposed without fusion between 
250°-28O°. A molecular weight determination 
employi >g nap! tbalene gave the high figure 
2.‘U4, a residt very similar to that given in these 
circumstances by acetyl - sanl alin itself, and 
which may pos-ubly bo due to the production of a 
colloid®! solution 

Deoxi/*nsu-mntaliii 0 a4 H lR O 2 (OCH a ) a , corre- 
sponding to the deoxysantalm of sandcrswood, 
is a scarlet amorphous powder winch has not 
yet been obtained in a definitely crystalline 
condition. When heated, it did not show a 
distinct melting-point, but decomposed at 1 G0°- 
165" with evolution of gas. A solution of this 
substance in absolute alcohol gives no immediate 
precipitate with potassiu u acetate, as happens 
in the case of iso ; santului. and only when excess 
of the reagent is employed is a gelatinous deposit 
formed. 

A comparison of fie colour reactions and 
dveing properties of dooxy-iso-simtalm (a) and 
dooxy-santahn (b) is given n, the •following 
table . — 


(a) ( b ) 

Alcoholic solu- 


turn . 

Drang- 

Orange- brown. 

Lcoholic liy- 
drobronuo 


• 

acid . 

Bright f i inisou. 

Scarlet. 

Dilute indium 
hydryxftle . 

brim son -seailet. 

Scarlet 

Alcoholic ferric 



chloride 

Violet. 

Maroon. 

Tho dyeing < 

experiments were 

> ci iried out by 

the same methods as those described abovo. 


(a) 

(/>) 

Deoxy-iso- 

Pale rod- 

Red puce. 

santahn 

, violet. 



(c) 

(d) 

Deoxy-iso- 

Di.il red- 

Pale dull 

santalin 

. violet. 

red-violet. 


(«) 

(l>) 

Deoxy-santalin 

. Red. 

Dull bluish- 

(f) 

red. 

(d) 

Droxy-saLtalin 

. Dull 

Red. 


. crimson 

A(dyl-dwci/-< o-mnUdm C 24 H a0 O 7 (C 2 H i ,O) 4 , 
when iieated, fused and decomposed at 170°- 175°. 
it consists or an almost colourless powder 
ylilfering .considerably in appearance from 
aectyl-iso-santalin. A molecular weight de- 
termination, employing naphthalone as solvent, 
gave the figure 1324, which is approximately 
lull that found in the same circumstances for 
aeetyl-iso-sontalin. 

By exhaustion with alcohol the sample of 
camwood employed by these authors give lb p.c. 
of extract. 


Camwood dop* not appear 'to contain either 
pterp-parpin sr aomoptpro-earpta;' A. G. P. 
CANADA BALSAM *. Baasamh ; and Olbo- 

resins'. 

CANADA PITCH or HEMLOCK SPRUCE 
RESIN v. Resins. • . 

CANAD1NE. A member of the isoquinoline 
group of alkaloids, occurring together with 
nydrastino and berbenno in Hydrastia Cana - 
dm^s. See under Hydrastink. 

CANADIUM. A term formorly applied to a 
supposed new element ; now used to denote an 
alloy of *1 part palladium, 2 parts of platinum, 
and 0 parts of nickel, ased as a substitute for 
platinum. It has similar resisting powers, and 
melts at about 1570°. Its cost is about half that 
of platinum (Heath, Met. and Chum. Eng. 1917, ^ 
# 17, 666). 

CANADOL. Petroleum ether or ligroln. 
That portion of refined petroleum winch boils 
at about GO 0 and has sp.gr. of 0*65 to 0'70 ; 

' insists mainly of normal hcxa.no (v. Paraffin ; 
and Petroleum). 

CANANGA OIL r. Oils, Essential. 

CANARIN. A yellow colouring matter ob- 
1 amed bj the action of bromine or a mixture of 
potassium chlorate and hydrochloric acid or 
ammonium persulphate upon potassium or 
ammonium thiocyanate ; it probably consists 
of (! h H # ()N„N 7 (Goldberg, J. pr Chem. 1901, ii, 
(ill, 4G5 ; G4, 439 ; ct. II. Schmid, Dmgl. poly. J, 
251, 41) (For details of mode of preparation, 
v. ibid 253, 130 ; also J. Soc. Chem. lnd. 3, 
+70). ( ’loth dyed with canarin resists light and 

soap. Neither concentrated acids nor alkalis 
destroy it or dissolve it out of the fibre. Bleach- 
ing powder lias no action upon it. Acts as a 
mordant for basic aniline dyes. 

CANDELILLA* WAX. Candelilla wax 
occurs as a deposit on the surface of the can- 
deliila plant (probably Euphorbia antisyphililica), 
which grows wild m Mexico and Texas. Origin- 
ally the wax was separated by boiling the parts 
of the plant with water, but of recent years a 
method of extraction with chloroform has been 
introduced, some of the works being capable of 
dealing with 5 tons a day. From 2 '5 to 6 p»c. 
of crude wax is obtained, and is purified by 
straining and melting in water containing 0'5 to 
1 p c. of sulphuric neid. Ine crude grey product 
cont ains up to G 5 p.c. of water, 3 to 16 p.c. of 
diri and 0*5 to 1*5 p.c. of mineral 'matter. The 
purer red or brown variety is pi obably obtained 
by the extraction method (Berg, Chem. Zeit. 
1914, 38, 1102). 

Koveral methods of extraction have been 
patented. In Sharp’s process (U.S. Pat. 
1018589, 1912) the wax plant is boiled with 
petrolc tin spirit in the presenoe of fuller’s 
earth, the extract clarified, and tho solvent 
evaporated. In Watson's patent the plants 
are heated to 149 y , and subjected to the action 
of a downward curfent of stoam (U.S. Pats. 
1042992, 1912, and 1058648, 1913). A special 
form of extractor devised by Thatcher J U.S. Pat. 
1056378", 1913) comprises a digesting’ compart-, 
ment, reservoir for the solvent, and vaporisers 
to evaporate tho solvent., 

Uhe crude greenish-grey wax melts at 
67°-68°, and has Hp.gr. at 15°, 0‘9825-0*9850 ; 
value 12'4-14‘39 ; saponifioation value, 
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461-64 *9 i w iodine value. lG'fi-SG’S ; un* off the wicks > if too cold, the material would 
saponifiable' matter, 77-9 1*2 p.o., largely con- congeal too quioklv and adhere to the wicks 
sisting of’ hydrocarbons. The constituents irregularly and in lumps. In households these 
identified includo hentriacontane, dotriocontane would be rushes, divested of their peel with the 
(m.p. 71.°), myricyl alcohol, twq cholesterols, an exception of a thin strip which was left to give 
oxjdactone (m.p. 88°), and resinous constituents Strength to the pith. These were usually tied 
giving the Lie fiermann-8 torch reaction (Fraps in bunches of four, so that one wick oould be 
and 'Rather, J. lnd. Eng. Chem. 1910, 2, 464 ; held between each pair of fingers, and thus be 
Hare and Bjerregaard, ibid. 1910, 2, 203 ; immersed in the liquid fat. A short time was 
Sanders, Chem. Soc. Proc. 1911,260; Meyer and allowed for each dipping to cool the last coat. 
Soyka, Monatsh. Chftin, 1913, 34, 1159; Berg. l.c.). Four dippings mostly sufficed, when the finished 
A difficulty attending the use of the pure candles were hung up in an airy loft to harden 
brown or red wax, is that it can only be bleached and whiten. 

after the addition of a considerable quantity of In dips as manufactured on a large scale, the 

paraffin wax, and hi therefore only suitable for wicks are of twisted cotton, and are strung on 

the manufacture of inferior kinds of varnish, roils, each rod holding eight. The workman, 
for insulating telephone wires, and especially holding an end of the rod in either liaq^, first 
for boot polishes, tor which its low m.p. is an immerses the wicks in very hot tallow, in ordei 
advantage. For other purposes, such as candle-* that their fibres may be thoroughly saturated, 
making, it is inferior to carnauba wax (m.p. and then, as each rod is ready, it is slid on to a 

83 91°) (r, Waxes). C. A. M. cross frame to cool; the wicks are then re- 

CANDLES. Candles represent some of the dipped in tallow at a temperature little above 
most ancient and most useful forms of lllumi- its solidifying pomt, till the desired weight is 
nants. The excellence of a candle depends on obtained. Ab a rule four ‘ dippings ’ are required, 
the nature of the wick and of the combustible Many devices exist for reducing labour and 
matter, and on the manner and extent m which ensuring uniformity of result in njanufacturing 
these are apportioned. 'The prototype of the dips. Of these contrivances, the ‘ Edinburgh 
candle was undoubtedly the torch, which must wheel ’ is the best known. It Consists of a long 
be regarded as a huge wick with the minimum pole, pivoted vertically, and haying mortises 
amount of combustible matter, this proportion cut about its centre through which pass long 
being gradually altered until the ratio used at wooden bars, each pivoted at its centre on an 
present, viz. about 1 part wick to 60 parts of irori pm. •Those bars carry frames at their ex- 
combustible matter, is reached. tremities, each of which, m its turn, holds about 

eight wick-rods. The post revolves, and as 
The following tabic shows the stages m the develop- each bar with its frame passes over the melting 

merit of candles. pan, it is pulled down, so as to immerse the 

Torch. Fine branches or slips (Lat. teeda), wicks. The opposite fiame restores oquili- 
saturated, naturally or artificially, with brium,*and the rotating and dipping are con- 
resinous or fatty matter. turned until the proper weight is obtained. 

Link. Rope-strands steeped in rosin, tar, or which is signalled by some contrivance on the 
pitch ; in olden times, doubtless, in post, itself the object of much inventive in- 
asphalt or bitumen. genuity. The mqpt perfect apparatus 'of this 

Flamboau. A core of hemp, soaked m rosin kind was patented by Price’s Candle Company 
and coated with crude beeswax. Later, and worked at the Inventions Exhibition in 
the outer coat was made of bleached wax. London m 1 886. 

Dips. Wioks of rush-pith (rush-lights), crudo Rolled, poured, and drawn candles. Rolled 
flax or cotton, and subsequently of twisted candles are now almost obsolete. Formerly, the 
cotton yarn, coated with beoswax or tallow larger sizes of church candles were made by 
by repeated dippings. . ‘ rolbng ’ a cake of warm wax, kneaded until it 

Moulds. (Introduced about the 16th century was plastic, round a wick, and imparting the 
by the Sieur de Brez.) Hard tallow, sper- noeessary smoothness and uniformity by means 
maceti, stearine, or paraffin wax, cast of a roiling-pm. This process has now been 
round the wick in a mould. entirely superseded by that of pouring. 

In addition to theso varieties may be men- 1 Drawing ’ is resorted to only in the case of 
tioned rolled , poured, and drawn candles. 1 cables ’ of small .sizes, and tapers. 

Dips, the cheapest, as well as the oldest form In pouring, an apparatus similar to that used 
of oandle, were made until comparatively lately in dipping is employed, but instead of the 
of tallow or household grease. Beeswax candles wicks being dipped, the melted beeswax is 
were usually poured, drawn, or rolled. The poured over them while the frame is kept in 
great advantage of the ‘ dip ’ lios in the ease rotation (Fig. 1). In the larger sizes, the jvicks 
- with which it can be made. The thnfty house- have to be reversed from time to time to ensure 
keeper was wont to sot aside the superfluous a uniform thickness. The workman ascertains 
kitchen fat for melting day, when part went to the correct dimensions by measuring with a 
make soap, whilst the harder portions wore piece of tape. After every two or three pourings,, 
formed into candles. The fat was thrown into according to the weather, the hoop ate hung in 
boiling water and boiled three or four times with a current’ of air to cool. When the candles are 
a little salt to ‘ rendei ’ it. The fort and lm- of the requisite thickness, they are severed from 
f purities being removed by subsidence, the clean the framo and placed on a smooth marble slab, 
liquid fat was run through a strainer into the The operator then rolls them to and fro under a 
candle pan. Some skill axyl • experience were board, oi# which he leans with his full weight, 
required to regulate the temperature of the By this process, which requires much skill and 
melted fat. If too hot, the liquid fat would run practice, the irregularities are smoothed away, 
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and the oandles, in the hands of«a skilful work- 
man, assume the evenness of outline of moulded 
candles, with a peculiar softness, indescribable, 
though unmistakable when once identified. 

The ends of the candles 
are now cut clean with 
a sharp knife, an',' r hoir 
tips shaped with the 
i finger and a small strip 
of wood. 

Obviously this pro- 
cess, which involves 
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much skilled labour, must render beeswax candles 
very expensive. They a.v, indeed, the most costly 
form of illummant. Their use is confined to 
churches and, to a small extent, to carriage 
lamps, in which formerly no other candle could 
lie employed, by reason of the strong spring, 
although now several efficient substitutes exist 
and are in use. # 

To understand the fai our wbi'h beeswax 
continued to enjoy long after the introduction of 
Rtearine and paraffin wax candles, which are not 
only much cheaper, l.ut give a better light, we 
must take several eirei instances into account. 
The first and, doubtless, the most cogent fact 
lies in the sharp contrast wliich formerly ob- 
tained between We wax and tallow, a contrast 
which finds mention in many a tale of social life, 
even as far back as tho times of Haroun Air as - 
chid. The candle at one period was absolutely 
tho only means of illumination available, and 
formed a very considerable itom in the household 
exponses. As only the rich could afford this 
luxury, the beeswax candle became intimately 
associated with the other signs of wealth, as 
essential, indeed, as arms or silver plate. The 
introduction of sp- ' maeoti, in the middle of the 
18th century, greatly affected the use of beeswax, 
and this was quickly followed by the adoption of 
gas in houses. Within the last decades, the 
electric light has replaced both beeswax and 
spermaceti candles in houses where for centurios 
no other light was known. 

To adapt the beeswax as it comes from Hie 
liive to the requirements of the chandler, but 
little is needed beyond the ordinary cleansing 
processes. Tho clean beeswax iB run from the 
‘ copper ’ ovei a rapidly rotating drum into oold 
water, by which means it becomes divided into 
fine shavings. These are exposed to the in- 
fluences of sun and air for several weeks, with 
occasional re-meltings and pourings, after which 
the now cream-white wax is ready for use. 

Drawn candles are made by drawing a con- 
siderable length of wiokjthrough a pan of bees- 
wax (Fig. 2),fmaintained at a regulated tempera- 
ture by (fire or) steam. The wick js wound from 
one drum on to another. As it leaves the pan, 
it traverses a plato perforated with holes ii^ 


creasing from one sixteenth of an inch to half an 
inch in diameter, whereby the superfluous wax 
is stripped off, the coated wick as if emeggea, 
being of the diamoter of the hole. When tne 
wiok is all wopnd off, the drums are reversed, 
the end of the coated cotton passed through the 
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hole noxt in size, and the operation continued 
till the requisite thickness is obtained. This is 
' Idem over half an inch, as the risk of cracking 
increases considerably with the diameter of the 
cable. In fact, this process is resorted to mainly 
for manufacturing ‘ spills ’ or lighting-wickB and 
the little tapers used for decorating Christmas- 
trees, but here also Btearine in the former and 
paraffin wax in the latter have gradually dis- 
placed beeswax. 

Mould Candles. — Tho chief variety of candles 
now made aro mould candles. In ordor to 
ensure tho proper burning of a candle, great 
attention must be bestowed upon the prepara- 
tion of the wick, which is to the candle what the 
burner is to the gas. Till about 1820 the only 
wicks used were made of twisted cotton yarn, 
still to bo seen in tallow dips. No means for 
consuming the wick being employed, Bnuffers 
had to be used to remove the charred and glow- 
ing end. Several expedients were devised to 
bring the wick^vutomatically into contact with 
tho air, and thus cause it to be consumed as the 
candle burnt. Tho best of these consisted in 
twisting the wick round a rod, and while in a 
state of tension, coating one side with size or 
other stiffening. This imparted a tendency to 
turn outwards and curl over, which to a great 
extent obviated the use of snuffers. Palmer, in 
1852, invented a simple means for achieving the 
same result more thoroughly by introducing a 
fine thread coated with metallic bismuth into the 
substance of the wiok, which thread he called 
the ‘ doctor.’ When ignited, the easily fusible 
i> etal formed a globule on the etid of the cotton, 
which by its weight bent the wick out of the 
flame into the air, when the oxygen could com- 
bine with the incandescent carbon, whilst the 
bismuth was volatilised. So successful was this 
device, that Palmer’s ‘ metallic wick ’ candles 
achieved great popularity, especially for burning 
in i jidle lamps, for which large candles, some- 
times weighing two pounds, were employe^. 
The same device was again patented in Germany, 
by Varenkamp, as late as 1899. 

But the introduction of ‘ braided ’ or ‘ plaited’ 
wicks by Cambacferes (in 1825) rendered such pre- 
cautions unnecessary, the flat form of the wiok, 
as now made, imparting a sufficient tendency to 
curve and bend outside the flame, where too 
cotton can bum completely. Now all except 
tallow dip candies are' provided with these cores. 

Before the wiok can be used by the candle 
maker, it has to be ‘ pickled,’ »>. soaked in a 
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solution of certain chetnioals, whioh vary with 
the nature and purpose of the cotton. The 
preparation of these solutions forms one of the 
chief items in the manufacture of a good candle, 
and to carry it out thoroughly demands con- 
siderable practical expedience for the wick 
itself varies muoh in its composition, especially 
as regards the percentage of mineral matter. I 
The plait, too, will vary in tightness, however 
carefully woven. Then again, a paraffin oandlo 
requires a thin wielc* to check a too-rapid supply 
of the liquid fuel. A beeswax or sperm candle, 
on tho other hand, the meltod material Qf which 
is loss mobile, or has less tendency to smoke, ! 
needs a thicker wick. The nature of the com- \ 
bustible, its molting*-point, viscosity, and burn- j 
ing powers ; ' the compounding of a suitable 
material by mixing candle materials from* several 
sources ; the selection of a wick that in number 
of threads, structure, and substance is adapted 
to the special material chosen; the subsequent 
treatment of this with such salts as will correct 


cated apparatiis, consists of a cluster of pewter 
moulds, introduced in 1724 by EreitagT held 
together by wooden collars at either 
Jkk end. Each mould is traversed longi- 
tudinally by a wick, which is secured 
by a peg at the top and wire at tho 
base, and it has to be provided with a 



or enhance its tendencies ; — these are some of | Fig. 3 * 

the points which must be considered before pro- i 

eeetbng with tho more mochanical operations little loop of cotton, through which a wire is passed, 
involved in candle making. Tho butt ends of the moulds open into a 

The winks, which arrive at the factory from trough about 1 inch deep. Into this the hot 
the cotton spinner in hanks, are placed two or material is poured until it is quite filled, and 
three days before being wanted in the appro- j the whole framo is then placed in a tank of 
priate pickling solution. The object of ‘ pick- I water, the temperature of which varies with tho 
Jing ’ the wick is to counteract either ‘ ashing ’ j quality of candle, as will be explained presently, 
or ‘ smoking,’ two great defects to which the I When quijjc cold, the candles are removed 
candle is liable. Tho ‘ pickling ’ retards the too j from the pipes by simply inverting the frame, 
rapid combustion of the cotton, and vitrifies it J the cake of superfluous candle material having 
slightly, so that when tho wick protrudes from I been previously scraped oft, and the wires and 
the flame any ash can drop off readily. In order i pegs withdrawn. As the pipes are made slightly 
to ensure the ready lighting of a candle, it < conical and as the substance shrinks in coolmg, 
has been proposed (Haase, Fr. Pat. 342527) ! there is seldom any difficulty in emptying the 
to impregnate the protruding ond of the wick , framo ; if one or two of the candles should 
with a solution of celluloid in acetone. Borax, refuso to leave the moulds, a slight tap with a 
nitre, sal ammoniac, potassi#m chloride or mallet, speedily loosens them. This method is 
chlorate, and ammonium phosphate, are the obviously slow and cumbrous, and were Jt not 
principal salts employed for pickling ; though that some buyers will have hand-made goods, 
almost every manufacturer has his own recipe, also that a few odd sizes for which it would 
The proportion of the salt to water is usually not be worth while to keep special maohinos 
about 2 oz. to 1 quart. The wicks are steeped can only be made in hand -frames, these frames 
in the solution for about 24 hours, after which would have been abandoned long since A 
they are placed on a perforated shelf, to allow hand-frame can be filled and emptied once an 
the bulk of the liquid to drain off, and then hour, whilst a modern maohine will do thrice 
transferred to a centrifugal machine rotating at "the amount of work in the same time, 
a speed of nearly 1000 revolutions a minute, Fig. 4 represents a candle machine of modern 
where the residual water is expelled without the manufacture, for making candles with ordinary, 
slightest torsioij or other disturbance in the *.e. not self-fitting, ends. It embodies the con- 
structure of the threads, which would be almost bined inventions and improvements made 
inevitable in any oilier process. The hanks, successively by Sampson (Eng. Pat. 2108, 
still slightly damp, aro placed in a cupboard 1796); Binns (Eng. Pat. 2488, 1801); Morgan 
heated by steam, and finally liung up in an (Eng. Pat. 6610, 1834); Tuck (Eng. Pat. 
airy room until required. The amount of salt 7409, 1837); Palmer (Eng. Pat. 12077, 1848); 
remaining in the fibre must, of course, be very j Cowper (Eng. Pat. 1988, 1856) ; Humiston 
small, but it is quite sufficient to influence (Eng. Pat , in tho name of Newton, 2541, 
materially the burning of the candle. The wick 1857) ; Stamthorp (Eng. Pat., in the name* of 
i* next transferred to tho spools, ^frorn which it Pitman, 2556, 1857) ; Stainthorp (Eng. Pat. 
passes to the moulding machine. This task is 740, 1860). The machine consists mainly of 
performed by boys, who wind the wick off tho a metal tank, g, in which the pipes are fixed 
hank previously stretched on a circular rotating with their butts opening in a trough and their 
frame, on to spools * or bobbins on spindles j tips emerging below. The tips are not of one 
(Fig. 3). As they wind, they let thei wick run ! piece with the moulds, but can slide up and 
through their fingers, to detect any knots or other aown, fitting water-tight when drawn neme. 
irregularities, which might interfere with the The motion is communicated by pistons, d, to 
burning of the candle. .The spools are now which the ^ps are soldered, and whioh are 
ready for transport to the maclftna, invented by perforated longitudinally. 

Cahouet in 1850. The old ‘ hand-frame,’ the The wicks wound on the above-mentioned 
forerunner and prototype of the present comply spools, which rotajfce on a series of spindles at 
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the base of the machine, pass up these per- 
“ ' whic' ‘ 


forations n. The tank a, whicl* surrounds the 


and lead), other materials, suoh as tin, brass, 
glass, &c., not haying been found suitable in 
practice. Porcelain moulds have been patented 
for paraffin candles (Ger. Pat. 195702), but it is 
very unlikely that they will be adopted in oandle 
works, as they are too coBtly ; moreover 
properly cleaned pester moulds impart the 
same lustre to a candle that the poroelain mould 
givos. To begin the operation of casting, the 
wicks are drawn through the pistons, tips, and 
pipes, and temporarily secured in the troughs. 
These, and the moulds opefiing into them, are 
now filled roughly, merely to afford a starting- 
point for the wick, and emptied aB soon as the 
material is cold. To iffcot this, the trough is 
scraped clear with a ‘ spud’ (a blunt knife of 
the width of the trough), after which the handle 
i e is slowly turned. This imparts, by means 
j of rack- and pinion gear, a vertical motion to 
the pistons, which mount up the pipes, carrying 
the dummy candles with them, and unwinding 
f ' a wick from the spools. As the oandles emerge 
| from the pipes, they are received in a clamp 
frame o, which is held open by a spring handle. 

! When the tips are clear of the trough, the clamp 
1 is closed, gripping the oandles firmly. The 
pipes, is preferably connected with hot and cold handle is now turned the reverse wav, causing 
water cisterns, or with cold water and steam the pistons to desoend in the moulds till ^the 
The moulds are made of pewter (an alloy of tiu tips clpse the ends securely, Thus the wicks 




Eig. 5. — Multiple moulding machine. 

are left in the centre of the pipes, lield by the j most recent type *of this machine is shown in 
dummies above and the spools below. The | %. 5. The next step depends on the nature of 
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the material used. If stearine candles are to be 
made, the tanks are charged with tepid water, 
the temperature of which the operator determines 
by his nand in preference to other methods, 
ihe reason lor this precaution depends upon the 
highly crystalline structure of 1 ‘ steario ' acid 
(‘ stearine ’), which renders it liable to craok if 
chilled too suddenly, or to crystallise if cooled 
too slowly, whoreby the appearance if not the 
structure of the candle would be impaired 
Therefore the melted stearine is stirred, with 
the aid of simplS machinery, while in the 
melting pans, till it assumes the consistency and 
appearance of gruel, in which state it 'is trans- 
lerred to the ‘ jacks,’ cans having a flat, wide 
spout, and thonoe to the moulds. When these 
are full, they are allowed to rest about 25 
minutes until they are sufficiently hard to permit 
of their being withdrawn without fracture. The 
troughs are not scraped in this case, as the tops 
are hard enough if the candles are raised 2 
inches. As soon as the pipes are filled again 
and the material set sufficiently to hold the wick 
without oxtraneous acid, the upper row of 
candles, often while still warm, is removed into 
trays where they cool and bleach. This ten- 
dency of stearine to orack was a great obstacle to 
the 1 success of these candlefrwhen they wero first 
introduced. Among the various devicos em- 
ployed to overcome the defect, was that of j 
stirring a small proportion of arsenic into the j 
melted stearine. This certainly broke the grain, i 
but it was of course diffused into the air on j 
burning the candles. When this bocamo 
generally known, tho prejudice against stearine 
candles was such as to affect injuriously the 
success of the new substitute for tallow, and to 
this day stearine candles enjoy but a com- 
paratively limited popularity in this country. 

In a patent process for preparing the fatty 
acids for stearine candles (Renter Process Co., 
Eng. Pats. 9303 and 9304, 1915), tho glycerides 
are fractionally saponified by boiling with 
sulphonio acids, suoh as Twitchell’s reagent 
(Eng. Pat. 4741, 1908). It is claimed that 
candles made from the resulting fatty acids are 
not decolourised by an exposure of several 
days to the sun and air. * 

Paraffin Candles . — At present, stearine 
otfndles are replaced in this country by candles 
made of a mixture of stearine and paraffin wax, 
except in the case of hollow candles (sec below). 
In France, however, the stearine candle, being 
roteoted by customs duties on paraffin wax, 
olds its own against paraffin candles ; and in 
that country, as also in Italy, stearine candles 
are manufactured in considerable quantities 
In Germany and Austro-Hungary, the stearine 
candle is gradually being ousted by the paraffin 
candle When, in 1854, James Young obtained 
from shale oil a pure white paraffin, which was 
Subsequently made into candles under a patent 
of J. ft. Field, the immediate popularity of the 
novel iliuminant left little doubt as to what 
would be the material of the candle of the future. 
Even the most enthusiastic optimist of that day 
would have hesitated before accepting the 
%>ropheoy that paraffin candles would oe sold at 
half the prioe of tallow dips, as is the case to-day. 

The main difficulty experienced in the early 
stages of the manufacture ox paraffin candles 
arose from want of precaution in regulating the 


temperature while casting. The same machine 
oan be employed for either paraffin or stearine 
candles, but when paraffin wax is to be used, 
the water in the tanks is raised to a temperature 
of nearly 200° F., by passing steam through the 
pipe. Also the paraffin wax itself is heated to 
about 170 o -180° F., and poured in a highly 
mobile state. When the pipes are filled, the hot 
water is discharged from the tanks and oold 
water immediately introduced, thus suddenly 
chilling tho fluid material. If the exact point 
be missod, failure will result. Thus, if the pipes 
are colder than the inflowing paraffin wax, it will 
congeal as it touches the metal, assuming a dull, 
striated aspect. On the other hand, if the 
moulds are allowed to cool slowly, the candles 
will shrink on to, instead of from, the walls, and 
will he injured in removal from the moulds, if 
indeed they can be withdrawn at all in the solid 
; state. Whon the operation is properly carried 
out, and tho pipes are not worn by usago, and 
further, if the paraffin is highly refined and of a 
high melting-point, tho candles leave the moulds 
with a lustre which hardly suffers by ordinary 
handling. This lustre, combined with the 
translucency, snowy whiteness, and ready 
adaptability to ornament in shape and colour, 
gives paraffin wax the pre-eminence over all 
other materials for candle making. It has, 
howover, its disadvantages. Tho readiness with 
which it liquefies by heat., gives to oven the host 
paraffin candles a tondency to ‘ gutter.’ More- 
over, the jfhraffin wax has the peculiar property, 
which is independent of the melting-point, of 
becoming plastic after exposure to a moderate 
degroe of heat. 'The time required to develop 
this tondency varies, it is true, with the hardness 
or fusibility of the paraffin wax, which rangos 
from 10i° F. to 140° F. : but oven ceresin, of a 
melting-point of 142°- 1 43° F., is affected by pro- 
tracted heat. The inferior varieties of paraffin 
candles, from tho ease with which their suqjdance 
molts, are very prone to smoke ; the wick is apt 
to be too abundantly supplied with combustible, 
and is consequently chilled below the point at 
which complete combustion can take place. 

By judiciously mixing stearin and paraffin 
wax, the candle maker is able to obviate many 
of the defects of the substances, whilst retaining 
thoir advantages. Such candles as ‘ petro- 
stearine,’ ‘ palmitine,’ and other popular varieties 
and especially the paraffin candles of .the Saxo- 
Thuringian paraffin- wax industry, are made on 
this principlo. 

In the United States the method of preparing 
suoh composite candles is to melt the paraffin 
wax by means of steam, to add a small pro- 
portion of stearine, and to clarify the mixture 
by tho addition of oxalic acid, which precipitates 
calcium salts. The dear upper layer of wax is 
then drawn off into a steam -jaoketed pan, whore 
it is heated, and impurities are detected and 
separated, after which it is transferred by means 
of a ‘ swimmer ’ to a * jaok ' or bucket, which 
delivers it in a regulated stream to the moulding , 
machine (Campbell, J. Inst. Petrol. Techn. 
1916, 2, 274). 

In Laursen-Sohjodt’s process (Fr. Pat. 466027, 
1913), oleine or stearine is dissolved in turpentine 
or other so^rent, the solution treated with the cal- 
culated amount of alkali for saponifioation, and 
the resulting mass incorporated with paraffin wax. ' 
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The use of trimethylamme i*i the manu- 
facture of composite candles has been patetrt^d 
by Horamann (f). R. P. 275344, uio 

trimethylamine being treated first at the prdi- 
nary temperature, and then under pressure at 
150° with chi'* hydro Ay fatty acids or sulphuric 
esters of liydi ty fatty aoids such as Turkey '> 
oil. The ^suiting product can be saponified 
In Burke’s patent (Eng. Pat. 14975, 1914) 
about 0'25 p.c. of a heavy metal salt of an organic 
aoid { e.g . lead oleate or palmit ute) is added to 
the parallin wax. 

The : > ansp< r*‘n"y of stoarinc and parallin 
can'fles may be reduced by adding from 1 to 
0 p.c. of ‘tevatuied’ ethyl or rncth^ 1 alcohol, 
tlie am- mt depending upon the degree 
\ «of opa< d y desired (Moretti," Fr. Pat. 
if 431490, 1011). 

( j] One of the greatest improvements 

I in e.m !e making is the self libtmg 
) end, by which simple device a candle 
will fit any normally constructed sconce 
, || without being scraped or using paper 

« or any other expedient to enlarge or 
dimimsli tlio butt. The self-fitting end 
pactented by J. E. Field (Eng. Pat. 
Fig. 0. 3032, 1801), is now in universal use. 

Fig. 0 gives an example of the conical 
butt, whilst Fig. 7 represents the machine 
patented by E. C wlce for its manufaetur . 
The difficulty to be overcome lies m the butt 
projecting beyond the stem of t 1 candle, which 
renders the ore iary method of withdrawal im- 
practicable. To moot tins, tnc butte arc ettot 


and fit tightly into their respective pipes. The 
wicks are then drawn through the butt moulds 
witli a wire and clamped in a oentrio position, 
after which the filling is proceeded with in the 
usual manner. .When cold the wicks uro cost 
loose, the tops scraped off, and the Upper frame 
hoisted off the butts, as shown in the illustration, 
the operation being concluded as before. It 
will bo noticed that this apparatus precludes 
running a continuous wick, as is done in the 
making of candles having plain ends ; and in a 
large factory, a serious loss is incurred in the 
course ottho year by the inch or two of wick 
smppe i off at each operation. A very ingenious 
i .aclinic for saving this waste is duo to E. 
Cowles, who invented a split bod-plato holding 
the butte. When ready for withdrawal, the butt 








1 mouJds are raised and opened out by a simple 
j level motion, and the candles can thus be passed 
I through without further trouble (Figs. 8 and 9). 
Numerous improvements have boen made 
in the construction of candle machines by 
1 the makers in this country, m France, the 
J United States, and Germany, but all these 
improvements ™fer to mechanical details 
1 only, ■ it bout affecting the principle. All 
these machines work discontinuously. A con- 
tinuous candlo machine, for a description of 
which the reader must be referred to Engineer- 
ing, 1901, Feb. 1st, Tias been constructed by 
Fournier et Cie, Marseille. The machine is very 
complicated, and would seem only to commend 
Figi. 7. itself to works where a very large output can 

be relied upon, and where, at the same time, 
in a separate frame, which can be fitted to the works suffer from a shortage of cooling water, 
or removed from the pipeB at will. When the Ap improvement, which haa found more 
maohine is to be filled, the butt ‘frame is favour on tho Continent than in this country, 
lowered by the chain till the butts rest upon 1 consists in perforating the stem of the candle 
Vol. IL-Z\ * * “ 
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longitudinally so as to afford an internal escape 
for any*combustible which would otherwise have 



guttored down the outside. The up-draught of 
air which takes place in the tubes has a tendency ; 
to ensure more perfect combustion. By loason i 
of the hardness required in thoii manufacture, 
those candles must be made with steurme. 

A more recent process to prevent gutteimg is 
that devised by Powell and Bush (Eng. Pat. 
1J 0570, 11)10), according to which the candles 
arc varnished with a colour varnish or with 
paraffin wax stiffened with a combustible powder 
such as cellulose. 

Candles made for ordinary purposes arc 
ready for packing immediately* after leaving the 
candle machine Better-class candles arc sub- 
jected to polishing and finishing processes in 
special machines, which are much more used on 
the Continent than in this country. 

Much art has been expended on the orna- 
mentation of candles. Before the introduction 
of aniline dyes, candles wore coloured with such 
pigments as vermilion, ultramarine, and verdi- 
gris ; those, liesides causing a dull, heavy appear- 
ance, ruined the wick by choking it with incom- 
bustible matter. In beoswax candles, this evil 
. < was minimised by confining the 

|4 A ' colour to the last coating, which, 

I ! owing to the opacity of the bees- 
1 ! wax, gave the appearance of a 

HI | candle ooloured throughout with 
| | but slight effect on tho burning. 
I j| Tho translucent paraffin, however, 

ffi m did not admit of this device, 

ffi m Paraffin candles arc now coloured 

|| Eg with coaf-t-ar dyes by dissolving 
H Srj JjjjJ tho dye in a small proportion of 
IH Hi 11 steanne which, when acfded to the 
H fir |R paraffin, colours it to any desired 

HI B 31 0* ornamented candles 

I 1 IN (Fig- 10), one of the most popular 

i BJ BJ ID) forms is the ‘ cable ’ or spiral 

Fig. 10. pattern. This form, as patented 
by Field, was made by turning 
the plain candle in a lathe oi complicated struc- 
ture, which could fashion over thirty different 
sizes and patterns of candles, e.g. cabled, spiral, 


fluted, striped, «&c. By grooving out continuous 
patterns, replacing the candle in its mould, and 
running in coloured stearin, a number of fanci- 
ful devices were obtained, each of which had 
its period of popularity. Tho ‘ King Alfred’s 
candle,’ the Btem of which is divided by grooves 
of this kind into sections burning an hour each, 
still enjoys favour. 

The demand for cabled candles is now so 
large that they are made in moulds, the pistons 
while ascending being caused to rotate, so as to 
screw the candles out of their spiral moulds. 

Candles burning with coloured flames have 
been patented by Selieurer (D. It. P. 210338, 
11)07), the candle material being impregnated 
with nitrates or other salts readily decomposing 
when heated, and metallic salts or wires capable 
of imparting a colour to the flame. 

Night lights are short thick cylinders of a fat 
or wax, furnished with small wicks, their object 
being to give a constant and lasting rather than 
a bright light. They are usually cast direct in 
paper cases, and are recommended to be placed 
on water. Price’s Candle Co. have adopted the 
plan of casting the cylinders in a machine similar 
to a eandlc frame, and employing a material so 
bard (pressed coco-nut stearine) as to rctam its 
form in hot weather without external support. 
These lights aie burnt in glass cups, thus shed- 
ding their full light and rendering the precaution 
of water unnecessary. Another very popular 
form of this lllunuinint is Clark’s ‘ pyramid ’ night 
light, which, as its name indicates, is coniform. 
In this, the material employed is pressed tallow 
of great purity, and the wick is a rush-pith with 
two lateral sti ips of the peel left adhering. These 
turn outwards in burning, giving a neat and 
shapely- flame. The base of the cone is a disc 
of plaster of Pans, which holds the wick upright 
till the whole of the fat is consumed ; a result 
achieved less surely in the other kinds,, where 
the wick is of ‘ inkle’ (flax), held by a little strip 
of tin, mto which the base of the fibre is fixed. 

Candles intended for heating purposes, and 
so burning with a hot smokeless flame, and 
giving only a feeble light, are prepared from 
esters of ammo or imino acids melting between 
50° and 130°, and decomposing between 200° and 
300°. Ammonium nitrate or similar substance 
is also added (Schcuble, D. R. P. 234340, 1900). 

The use of viscose filaments as a material 
for candle wicks has been patented by Wilson ‘ 
(Eng. Pat. 5170, 1913). 

The strides made in gas and electric illumina- 
tion havo not materially affected the prosperity 
of candle manufacture. Un the contrary, every 
year sees a considerable increase in the number of 
candles made. This is especially due to the in* 

I creasing consumption of candles m mines 
| (Transvaal, India, Australia, &c.). An inquiry 
made by the writer, in 1903, as to the con- 
sumption of candlo material in this country, led 
to an estimated quantity of 45,600 tons, which 
may be distributed over tho different* materials 1 
mentioned above, as follows : tallow (for dips), 
1000 tons; stearine, 2190 tons; paraffin wax, 
42,200 tons ; ceresin, 100 tons. France produces 
about 30,000 tons of candles, chiefly stearine 
candles; .Germany, about 11,000 tons, chiefly 
| paraffin candles ; Holland, about 6000 tons, 
j chiefly stearine candles ; Belgium, about 4000 
I tons, chiefly stearipe candles. Austro-Hungary, 
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Italy and Russia produce muoti smaller quanti- cloves. The bark contains a bitter principle, 
ties than the last-named countries. ' ™ with r ™ in Rnfl 

Candles were exported from Germany to the 
value of £56,500 in 1912, principally to Russia, 

Mexico, Brazil and the Mediterranean countries. 

In 1912 the exports from Austria-Hungary, 
chiefly to the Balkan States, Russia, Turkey, and 
Egypt, were valued at £14,000 ; whilst the total 
exports from tho United Kingdom (1913) were 
of the valuo of £435,000 (Board of Trade, Bull. 

No. 89). J- L - 

CANDLE NUT OIL is obtained from tho 
fruits of tho candleberry tree, Aleurite s mo- 
luccana (Willd.), belonging to the family of 
spurgeworts (Euphorbiace tf). The tree attains 
* the height of 30 or 40 feet, is a native of the 
Molucca and South Pacific Islands, and is 
widely distributed over the tropics of the eastern 
hemisphere ; it also occurs in the Camoroons. 

In India it is known as ‘ Indian akhrout.’ The 
fruits resemble walnuts in their appearance, but 
the shell of the candle-nuts is far thicker. The 
name ‘ candle-nut ’ is derived from the practice 
of the South Sea Islanders to dry the kernels, 
thread them on reeds, forming a candle, several 
of these candles being wrapped in a leaf of 
panda wus (screw-pine) so as to make a torch. 

The average composition of the kernels is as 
follows : — 


Oil .... 

Water .... 
Proteins .... 

Ash .... 

Carbohydrates und crude fibre 


Per gent. 

. oro 

. • 5-0 
. 23 0 
. 34 

7*6 


100-0 

The cold-drawn oil is limpid, colourfess, or 
yellowish ; has a pleasant odour and bland 
taste, but cannot be used for edible purposes on 
account? of its purging properties. 

Tho oil extracted from a typical sample of the 


canellin , together with resin, mannito, and 
starch. Used in medicine as an aromatic bitter 
and tonic, and in rheumatism and gout., 

CANELLE or BISMARCK BROWN v. Azo- 

Colouring matters. • 

CANFIELDITE v. Aroyrodite. 

CANNABIN or INDIAN HEMP RESIN v. 

Resins. 

CANNABINENE v. Resin#. 

CANNABINOL. The active constituent of 
Indian hemp resin or ‘ hashish ’ (v. Resins). 
CANNABIS INDICA V. Resins. 

CANNONITE v. Explosives. 
CANTHARIDES. Spanish flies ( Lytta vesi- 
caloria). lined coleopterous insects Used in medi- 
cine, in the form of plasters, tincture, liniments, 
&c., on account of their vesicating properties, 
due to a peculiar acrid principle, canlhandin. 

Employed also as a stimulant diuretic, as an 
aphrodisiac, and as an emmenagogue. Obtained 
principally from Hungary, Russia, and tho South 
of France. 

Cantharldin U 10 H 1!! O 4 or 

UH.'diyCH'OHj'OUv 

I I > 

CH a CHyOH(JOCO x 
(Spiegel, Bor. 20, 140), or 
(JH a -(UI 

i i x. 

Oil, CH 2 C-CHj OOOH 

I I I 
co-o 

(Meyer, Monatsh. 1897, 18, 393), ur 
Clljj UH UMo'CO 


UIlj-CH-UMe-CO 
(Gadamer, Arch. Pharm. 1914, 252, 009 ; 


1917, 


nuts had tho following diatom: upgr- at | 250, 277; 1917, 2«S, SIS) is obtemed by treat- 
15-5', 0 927S; refractivu index (26"), 1 4070 ; | mg the powdered insects > with chloroform, 
acid value, U'8 ; saponification value, 188-2 ; | ether, or ethyl aeclate, aeidilied with sulphuno 
and iodine value, 1510 (Tests for Candle-nut acid, evaporating the extract and treating 
Oil: American Soc. for Testing Materials, 1914). j the residue with carbon disulphide or light 
The oil is obtainable in enormous quantities, j petroleum, to remove fat ; or by mixing the 
hut hitherto it has not been used to such an | canthai ides with water and magnesia ; drying, 


extent as its drying properties would warrant. 

The fruit of A. triloba (Forst.) is two-celled, 
fleshy, olive-eoloured, and about two and a half 
inches in diameter. Each cell contains one nut 


treating with dilute sulphuric acid, and extract- 
ing with ether. Tho yield varies from 0‘3 to 
103 p.e. of tho insects taken.. Crystallises 
in trimetric plates, melts at 218°, but begins to 


resembling in appearance and taste a walnut ' sublime at I It is tasteless and in, idorous 


the shell of which is very hard. The seeds yield 
about 50 p.c. of an oil known as 4 kekuna oil.’ 
Seeds from Hong Kong, where the tree is culti- 
vated as one of the best shade trees, were found 
to contain 00 p.c. of an edible oil very sinulai to 
that obtained from A. moluccana ; whilst 
Mauritius seeds yielded 08 ‘1 p.c. of oil with the 


blisters the skin strongly, especially when in 
solution or mixed with fat. Yields the alkaline 
salts of eantharie acid Ci 0 H n 0 6 , by heating 
with aqueous solution of potash or soda. For 
other derivatives of cantharidin, see Rudolph, 
Arch. Pharm. 1910, 254, 423. Gadamer has 
shown that the /aocantharidin and laocantharidic 


following characters: sp.gr. at 15°, 01)27 ; acid of Andorlim andGhira are in re a l fc y acetyl 
saponification value, 193-7 ; and iodine value, liydrato canthanc anhydride and acetyl hydrato 
151. The ‘nuts are worth about £28 per ton in 4 canthanc a «d respectively. 

EuroDe (Bull Imn Inst. 1912. 10. 44). J. L. CANTON’S PHOSPHORUS v. Calcium. 

CANELLA BARK. The dried bark of ^0UTCH0UC 

CaneUaulha (Murr.), obtained from Florida and CAOUTCHOUC OIL. An od which has 

the West Indies in large buff-coloured quills or j proved efhcient m preventmg rust It s P^d 
pieces of about an inch broad. Ha£ a bitter ! with a piece of flannel in v y , 

pungent acrid taste and odour of a mixture of the metallic surface which is to be » 

cloves and cinnamon, due to a volatile oil con- and allowed to dry. » A .. 

taining eugenic acid which is also found in oil of hm spvply to be treated with caoutchouo oil 
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again, and washed after 12 to 24 hours (J. Hoc. 
Chem. Tnd. I, 315). 

CAP COMPOSITIONS v. Explosives. 

CAPE BERRY WAX v. Waxes. 

CAPRIC ACID or DECOIC ACID v. Deoatuic 

ACID. 

CAPROIC or HEXOIC ACIDS C 6 H U *C001I. 

Seven isomerides are known. 

1. n-Caproic acid CH 3 (( TI 2 ) 4 COOH oueurs 
in tho fata ; m cheese ; and, possibly, mixed 
with certain of i£s isomerides, in cocoa-nut 
oil; in St. John’s bread; in tho fruit of 
Hcracleum sphondylium and m the fibwers of 
Satyr mm hircinwm ; and in the fusel-oil from 
the fermented molasses of mangel wurzel Is 
best prepared by fractionating crude fermenta- 
tion butyric acul (Lieben, Rossi, Annalen, 159, 
75 ; 155, 118); b.p. 204*5° : sp.gr. 0*9440 at 0°. 

2. 1 sob alyl acetic acid, or y-methylralcric acid 

(OH 3 ) 2 C11CH 2 CH 2 COOH 
is present in butter ; may be obtained by the 
action of hydriodie acid upon hydroxy iso- 
caproic acid (Miolck, Annalen, 180, 57 ; luttig. 
Riihlmanu, ibid. 220, 347), or by the distillation 
of wobutylmalonie acid (Komg, Monatsh 15, 
20; Bontlev and Perkin, Chem Hoc Trans 
1898, 487) ; ‘b.p. 2UO°-201° ; sn gr. 0 925 at 0°. 

3. Diethylacdu tu id, psaulucapron at id, or 

a-f ‘thylbntyric acid (C 2 ll 6 ) 2 CH*COOH, may be 
obtamod by tho action of sodium upon acetic 
ester, and treatment of the product by ethyl 
iodide (Erankland and Duppa, Annalen, 138, 
221); by boiling diothylcai bmol cyanide with 
potassium oyaniue (Sayt/.ell, ibid. 193, 349) ; by 
reduction of dichlorethyl acetic ester by sodium 
amalgam (Markowmkow, Her. 1873, 1175), by 
heating sodium ethylate and sodium acetate in 
a stream of carbon monoxide ((J cut her and 
Frbhlich, Annalen, 202, 308)«. by heating di- 
ethylmalonie acid at 170°- 180° (Conrad, ibid. 
204, 141) ; by heating a-diethyl/Bliydroxy- 

butyric acid (Schnapp, ibid. 201, 70) ; by heating 
dietliylcyanacetic acul with concenti ated hydro- 
chloric acid at 100° (llesse, ibid. 18, 749) ; bp. 
190° (750 5 mm.) ; sp.gr 0*9190 at 20 i yo°. 

4. Methyl pi opylaceCic and or a-mdhyl cider u 
acid CH 3 *CH 2 *C11,*( , H(UI1 3 )*C0 2 H is obtained 
by the oxidation of its aldehyde, and by 
the reduetionfof methylacrylic acid (Lichen 
and Zeisel, Monatsh. 4, 37, 03) ; by heating 
arinethyl valorolactone or isosaceharm with 
hydriodie acid and red phosphorus (Liebcr- 
mann and Schcibler, Bcr. 1883, 1823 ; Kdiani, 
ibid. 185, 032) ; by heating a-methylpropyl- 
/3-hydroxybutyric acid (Jones, Annalen, 220, 
292) ; and by the distillation of turpentine ; 
b.p. 193°- 194° ; sp.gr. 0*9279 at o l8 o /0°; 1 part 
water dissolves 0*5093 part at 17°. 

5. Mdhylisopropyl acetic and, isocajmnc 
< acid, or afi-dimdhylbutyric acid 

(CH 3 ) 2 CH*CH(CH 3 )C0 2 H 
may be formed from methybsopropyloarbinol 
cyanide (Markowmkow, Zeitsch. (’hem. 1800, 
205) ; by the oxidation of the corresponding 
hexylalcohol from Roman camomile oil (Kobig, 
Annalen, 195, 102), or by melting camphoric 
acid with caustic alkali (Orossley and Perkin, 
Chem. Soc. Trans. 189e, 16) c b.p. 189°-191°. 

6. Dimethylethylaceiic acid or aa-dimethyl- 
propionic oci/(CH,) 2 C(C g H 6 )C0 lt H is formed by 


tho action ofr hydrochloric acid upon dirne- 
thylethylcarbinol cyanide (Wischnegradsky, 
Annalen, 174, 56), and by the oxidation of 
the inothylethyl ketone prepared from pina- 
colin (Lawrinowitseh, ibid. 185, 126). A colour- 
less liquid ; b.p. 187°, m.p. —14°. 

7. (a) &-dhylbulync acid or active cajrroic 
and CH 3 *CH(C 2 H - jCH 2 C00H is obtained by 
the oxidation of the active hexylalcohol obtained 
from Roman camomile oil (Romburgh, Rec. trav. 
chim. 5, 221; Kobig, Annalen, 195. 102); b.p. 
190°- 198° (770 mm.) ; sp gr. 0*930 at 16°. 

(b)' Inactive fi-dhylbuiyrtc acid may be 
formed by heating secondary butylmalome 
acid (Romburgh, Roe trav. cliim. 0, 153) or 
from secondary butyliodide, diethylmalonic 
ester and sodium othoxide (Kubliscli, Mfcnutsh. 

14, 501 ; Bentley, Chem. Soc. Trans. 1895, 207). 

CAPRYL ALCOHOL v. Oitvl aeoouoe. 

CAPRYLIC ACID v. Oc tok; acids. 

CAPSAICIN v. Resins. 

CAPSICUM (Bird pepper, Cayenne pepper). 
The dried npo fruit of Capsicum minimum 
(Roxb ), which was probably a native* of tropical 
America, but is now known only in cultivation, 
the chief supply coming from Africa and India. 

The fruit ih 1-2 cm long and about one- 
third as broad ; somewhat flattened oblong - 
ovoid m shape, and is covered with a crimson or 
scarlet, senu-ti ansparent, wrinkled coriaceous 
opicarp. It is two-eclled and contains about 
20 yellow, ’’flat, remform seeds, 3 5 mm. long and 
2 5‘ mm. broad It is prepaied for use by 
gi aiding the whole flint. 

Cayenne pepper is sometimes adulteiated 
with flour, corn-meal, or even sawdust. Entue 
capsicum is also frequently substituted by huger 
van etui Adulteration of the powder may be 
detected by the estimation of oleo-resin, wbub 
should not be less than 5 p c ; and of the ash, 
which should not exceed 7 p e., and by, micro- 
scopical examination ( v . Bitlo, Chem. Hoc. Abstr 
1893, 1), ii 540). 

y . The activo principle of capsicum is capsaicin 
(capsicm, capncul) (\„H 2H 0 3 N (U 1k H 27 0 3 !N, 

Lapworth and Royle), which is present to the 
extent of 0 05-0*07 pc (Morbitz, Chem. Zentr. 
1897, n. 593). It is obtained from the ethereal 
extract of capsicum, and crystallises from 
light petroleum in colourless plates, m p. 03 5°, 
easily soluble in ether, alcohol, chloroform, &v , 
but almost insoluble in hot water and insoluble 
m cold water. It is not volatile in steam, and 
has the properties of a weak, phenol-liko acid. 
The benzoyl derivative forms silky needles, m.p 
74° (Muko, Chem. Zentr. 1899, i. 293). 

The other constituents are a volatile, non- ’ 
acrid alkaloid ; red colouring matter ; wax ; 
resin ; fixed oil ; oleic, palmitic, and stearic 
acids ; and a minute amount of a volatile oil 
having the odour of parsley (Pabst. Arch. Pharm. 
230, 108). 

Capsicum is largely employed as a condi- 
ment. In medicine, it is used, externally as a. 
powerful rubefacient, and internally in tho 
treatment of atonic dyspepsia, chronic alcohol- 
ism, and delirium tremens. 

CAPSICUM RESIN v. Resins. 

CAPTQL. Trade name for a condensation 
product o i 3hloral and tannin ; used in derma- 

* ’ogy- L . 

CAPUT MORTyUM. A term employed by 
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the alchemists to denote the residue remaining 
m the retort or alembic after the volatile matter 
has passed away. 

CARAGHEEN MOSS. Irish pearl moss 
( Ghondrus crispus) ( v . Carrageen; Alg;e). 
CARAJURU, CARCURU, or CRAJURU. A 

Brazilian dyestuff of a rod colour, said to be 
identical with chica-red, used by certain Indian 
tribes to stain their skins, and whioh is obtained 
from the leaves of the Bignonia chica (Humb. et 
Bonpland). It is a light, mealy, odourless, 
tasteless powdor, which acquires a ooppory lustro 
on trituration. Insolublo in water, but. soluble ( 
in alcohol, ether, and alkalis (Virey, J. Pharm. 
1844, 151). 

CARAMEL. The brown substanco produced 
by thssaction of heat on sugar glucose or invert, 
sugar, used for colouring liquors, beer, sweet- 
meats and gravies. 

Preparation. — ( ) n the small scale common 
sugar is heated, with constant stirring, in a metal 
pan capable of containing about ten times the 
quantity taken, till the whole mass melts, turns 
brown, and at last suddenly froths up, when 
the heat, must be immediately stopped. Not 
more than 15 p.e. of the weight of the sugar 
should be driven oil, as the product is liable to 
become insoluble if further heated. 

For preparation of caramel colours, Asry- 
musry recommends the following processes (long 
Kept secret) : — 

Colour for rum. * 

Potassium or sodium hydroxide . 3 kilos. 

Water . . . . fl „ 

( )r potassium or sodium carbonato 4 „ 

Water 8 „ 

Dissolve with heat in large iron pan, a%d add 
Glucose . . . .120 kilos. 

Or syrup of glucose . .130 „ 

Pod over the fire till irritating vapours begin to 
appear, then doeroase the heat and stir con- 
tinuously till the required shade is produced, 
then stop the process by adding 30 to 40 litres 
of water in a lino jet. 

Colour for hecr or vinegar. 

Ammonium carbonato . . (i kilos. 

Water . . . . <5 „ 

Glucose . . . . 120 „ 

Process exactly as above. 

In the modern method of manufacture the 
process is conducted in a closed vessel, generally 
with the addition of ammonia or one of its salts 
{of. Salamon and Goldie, J. Soc. Chom. Ind. 
lflOO, 10, 301). The colouring power of the 
caramel seems to depend upon the amount of 
ammonia used in its preparation. In McGowan’s 
process glucose is heated with from 5 to 10 p.e,. 
of its weight of liquor ammonia (sp.gr. 0'8803 
in a closed digester to 100° for above 24 hours, 
and the mixture concentrated. 

According to Magalha<~s (Compt. rend. 1890, 
123, 890), caramel prepared from cane sugar 
differs considerably from caramel made from 
glucose, in that it behaves with certain reagents 
exaotly like a coal-tar colour. Thus, when 
treated with basic lead acetate and |lien shaken 
with amyl alcohol, the former caramel com- 
municates an orange-yellow colour to the 
solvent, whilst with glucose.caramel, no coloura- 


tion occurs. Ether, when shaken with a solution 
of the former, acquires an orange-yellow* colour, 
whilst with the latter no colour is extracted. • 
Mordanted wool is dyed orange bv the former, 
yellow by the latter. Genuine wine, to which 
no caramel has been aided, doos ndt give these 
reactions ( cf . D’Aquiar and Da Silva, Compt. 
rend. 1897, 124, 408). 

Properties. — Amorphous, reddish-brown, 

brittle mass ; porous and deliquescent ; com- 
pletely soluble in water, partially soluble in 
alcohol ; of a more or less bitter taste and non- 
fermentable. Molts at 134°~136°. 

Little is known of the chemistry of oaramel. 
Gelis (Ann. Chim. Phys. 1858 [iii.] 62, 352; 
1802, [iii. J 05, 490) separated at into three 
amorphous substances, caramehn, caramelen , 
and caramehti, differing in solubility and colour- 
ing power, but not of lixed composition without 
definite melting-points, or crystalline derivatives 
and readily forming colloidal solutions. Their 
formation from sucrose has been represented by 
the following equations : — 

(l) <;G l3 H 22 0 J1 — 12H 2 0 

~bC 12 H,„0 9 (caramelan) 
(n) 90 13 H 28 O n - 18H 2 0 

= 2 C 8 fl H 4 * 0 2 4 (caramelen) 

(m) (5C u H 2a O u -27H a O 

“=3C a4 H 2fl 0 13 (oararaelin) 
Stolle, by heating caramelan with dilute (3 p.e.) 
hydrochloric acid, obtained a hexose, which 
gave an osazono crystallising in yellow needles, 
melting at. 179°. 

Cryoscopio observations by Saban&ff and 
Antushevitch (J. Russ. Chom. Soc. 25, 23) 
would seem to indicate that the molecular 
weight of caramelan is much higher than the 
above formula indicates. They point out that 
carbon dioxide, in addition to wator, is given off 
in its formation They alloge that it is not a 
carbohydrate, but has the composition 

and they represent its production from sugar 
by the equation : 

HO.jH.A,- (J 1J ,H„ a O„ 0 +7Cf) g +27H s O 

Gelis found on heating sucroBe to a tempera- 
ture of 180°-190° that a loss of weight of 12 p.o. 
gave mostly caramelan, a loss of 15 p.o. Cara- 
melen, with a loss of 22 p.e. caramelin, was the 
mam product. On treating the caramel with 
84 p.e. alcohol the caramelan *was extracted, 
caramelen and caramelin being insoluble in 
alcohol of this strength. The caramelen could 
be removed by cold water, when the caramelin 
could be dissolved out by 00 p.e. aloohol or hot 
water. ’ 

Caramelan t the main constituent of ordinary 
caramel, is a brown brittlo solid of bitter taste, 
deliquescent and very soluble in water. Softei\p 
at 108°. The aqueous solution gives no pre- 
cipitate with metallic salts, but reduces silver 
nitrate and Barreswil’s ( Folding's) solution. An 
alcoholic solution of lead acetate forms a precipi- 
tate C, a H 14 0 K ,Pb() : an ammoniacal solution of 
lead acetate gives C ia H 1() 0 4 ,2Pb0 (G<$lis). 

Caramelen is of a darker brown than car# 
melan, and is not (^liquescent. It reduoes 
l Barreswil’s (FqhUng’s) solution and forms oom- 
j pounds with lead similar to those of oaramelan. 

; According to Gtdis its composition is C 38 H 4S Oj4 
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Caramelin is of ft still darker brown. It | 
appears to exist in three modifications of whioh 
A is soluble in oold water, B in boiling water, and 
C is insoluble. The modification A passes into 
B on evaporating its aqueous solution. The 
soluble forms reduce Barreswil’s solution and 
give precipitated with metallic salts. All varie- 
ties have the composition C..H 10i O fl (Gfiba). 1 

The molecular weight of ‘ caramel ’ was found 
by Gladstone and Tribe to bo 1700, corresponding 
with G clis’ formula for caramelin. 

Stollo (Zeitsch. Ruben-Zucker Industrie, 
1899, 49, 800; 1901, 61, 830; 1903, 63, 1149) 
found on boating sucrose that no carbon dioxide 
or other volatile products wore formed bolow 
180°, and that earamolan is the solo product 
when this temperature is not exceeded and the 
loss is not greater than 12 p.c., and that its 
formula is G j2 H 1r O h . 

The action of heat on sucrose has been further 
studied by Cunningham and Doree with special 
reference to the production, properties and 
composition of earamolan (Chom. Soe. 'I’rans. 
1917, 111, 689). They found on heating 

sucrose to temperature 170°- 180® that, in 
addition to water, pungent acrid vapours, 
furfuraldehydo and carbon dioxide were evolved, 
but that if the loss of weight did not exceed 
12 p.c., earamolan free from sucrose and higher 
caramel products was the sole product. When 
quite dry it melts at 136°, is readily soluble in 
water, 84 p.c. aloohol, pyridine, methyl alcohol, 
or hot glacial acetic acid, insoluble in ether and 
benzene. A concentrated aqueous solution 
acidified with hydrochloric acid gives a rod 
precipitate with resorcinol, soluble in alcohol or 
alkalis. Fhloroglueinol gives a similar precipi- 
tate of a deeper colour. It forms a tetra-acetate, 
yellow powder, insoluble in water or other, but 
soluble in benzene, hot alcohoj, or glacial acetic 
acid, m.p. 107° ; a teira -benzoate , a pale buff- 
coloured powder, m.p. 106°-108°, soluble in 
acetone, chloroform, alcohol or ‘benzene, in- 
soluble in water, ether, or light petroleum ; a I 
telramtrate , a yellow powder which inflamos i 
violently on, warming ; readily soluble in ether, , 
alcohol or benzene, insoluble in water. 

It appoars to be a tetra-atomio alcohol, of the , 
molecular formula G 12 H, h () 0 , or, more probably, I 
C, M H 3fl Oi„. Compounds formed with phenyl- 
hydrazine and semicarbazide indicate the 
existence of one CO- or CHO-grouping per C 21 
unit. Concentrated nonoxidising acids convert 
it into caramelin G 24 H 2fl O l3 ; weaker solutions 
hydrolyse and dehydrate, producing dextrose, 
methyifurfuraldehyde and humic acid. 

Detection and estimation of caramd. 

Detection of caramel in urines, dec. — 10 e.c. of 
the liquid to be tested is mixed with 30 to 60 c.c. 
of paraldehyde, and enough alcohol added to 
* make the liquids mix ; if caramel is present, it 
forms a dirty -brown precipitate sticking to the 
bottom of tho vessel ; the elution is poured off, 
the precipitate washed with alcohol, dissolved 
in a little hot water, and the solution evaporated 
to 1 c.c., when different quantities of caramel 
•■may be compared by comparison of colours to 
confirm ; this solution t is mixed with one of 2 
parts hydrochloride of ' plienjdhydrazinc in 20 
of water, with excess of acetate of soda. Caramel 
yields an amorphous brown precipitate. 


To detect caramel in vinegar 60 c.o. are mixed 
with an excess of calcium carbonate and 
evaporated to dryness. The mass is then ex- 
tracted with 20 c.c. of ether ; the ethereal 
solution is filtered into a test-tube containing 
10 c.c. of resorcinol roagent (1 gram of resorcinol 
in 100 c.c. of hydrochloric acid of sp.gr. 1*126). 
Should caramel be present in the vinegar, a red 
| zone is obtained at tho junction of the two 
I liquids (Ronnel, Ann. Falsif. 1912, 6, 617). The 
j reaction is duo to the presence of hydroxy- 
1 methylfurfural, which also yields a violet 
| colour with jS-naphthol in sulphuric acid, and an 
! orange-yellow colouration with phenol in sul- 
phuric acid. 'Fhe liquid to be tested, wine, 
j vinegar, brandy, &c., is neutralised if acid, 
j concentrated to a small bulk, extracted with 
other, tho ethereal extract treated with a few 
i drops of a 5 p.c sol. of phenol in other, and 
| allowed to evaporate. The residue is mixed 
! with about 6 c c. sulphuric acid, when the 
| characteristic colour appears (Schenk, Apoth 
Zeit. 1914, 29, 202; .1. Hoc. (’horn. Ind. 1914, 

! 309). 

Amthor’s method, which is the only one 
i capable of distinguishing between caramel and 
! the colouring matters of colour malts, iH as 
' follows ■ 10 c.c. of the beer or other liquid is 
i treated with 30-60 c.c. of paraldehyde, according 
to the intensity of colour, and absolute alcohol 
is addod until the liquids mix. If the mixture 
\ is left for *24 hours a brownish precipitate forms 
in presence of caramel. This precipitate is 
washed with absolute alcohol, dissolved in hot 
water, filtered, and the solution concentrated 
to 1 e c. in vacno over sulphuric acid. From the 
intensity of its colour the quantity of caramel 
can bet estimated. Or the filtered solution of 
the paraldehyde precipitate may be poured in a 
solution of phenyl -hydrazine acetate, when if 
caramel be presont a precipitate slowly, forms, 
more quickly on warming. V. Heuss (Zeitsch. 
ges. Brauw. 1918, 41, 108-124; Abtr. J. Inst. 
Brewing, 1918, 312). 

Hough test for caramel in beer . — Add a 
quantity of tannic acid, and shake thoroughly. 
If malt only is present, the colour is precipi- 
tated. Garamel colour remains unchanged. 

Contrary to tho statement of Pasquero and 
Gappa the presence of furfural is not a sufficient 
I proof of caramel unless the caramel has been 
I added after fermentation. 

Fradiss (Chem, Zentr. 1899, i. llfiO) deter- 
mines the amount of caramel in sugar products 
by treating the dry substance with methyl 
alcohol of 95°, evaporating on the water-bath, 
drying the residue in vacud , or in a current of 
j dry air, and again digesting it with methyl 
j alcohol for 2 hours. The caramel is precipitated 
from the solution by amyl alcohol, the precipi- 
; tate redissolved, reprecipitated once or twice 
more, and finally dried at 90° artd weighed. The 
| caramel may also bo determined by titrating 
with Baireswil’s solution, but if dbxtrose is* 
present, it is necessary to titrate tho original 
solution before and aftor treating with excess of 
lead acetate. Then if A=c.c. of copper solution 
required, a=o.c. of original solution required for 
6 e.c. of copper solution, the volume of the copper 
j solution, corresponding with the caramel, is 
16 (a— A). 1 Allowance must also be made for 
! the amount of.le^d acetate solution (t^ vol.) 
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used. The dextrose may also be destroyed by 
boiling with calcium carbonate and then pre- 
cipitating with carbon dioxide. Traces of 
caramel are estimated by treating 200 c.c. of the 
solution with excess of ammomacal lead acetate 
The precipitate, after washing with water free 
from carbonic acid, is suspended in water and 
decomposed with hydrogen sulphide. The 
filtrate is again treated with lead acetate, and 
the solution, from which the hydrogen sulphide 
has been expelled by evaporating to 10 c.c., is 
treated with copper solution. 

Stolle ((-hem. Zentr. 1809, ii. 1009) bases a 
method of determining caramel by means of the 
spectroscope on the fact that aqueous solutions 
of that substance partially absorb the rays of 
the bite end of the spectrum. The results are 
said to bo accurate to within 0 0/5 p.c. 

Methods for estimating the amount of 
caramel on the surface of coffee borries roasted 
with sugar, have been suggested by Neubauer, 
Konig, Ntutzer, and Hilgor. These methods 
have been tested by Fresemus and Or unhut 
(Zeitsch. anal. (’hem. 1897, 30, 225), who give 
the preference to the method of Hilger. 

Ntutzer’s method, winch consists in shaking 
10 grams of the unground coffee for 5 minutes 
with 250 c.c. of cohl water, making up to 500 c.c., 
decanting, filtering, and determining the solid 
contents (dried at 100°), and the ash, was ro- 
commended by the Conference of Bavarian 
Technical Chemists. Ncu bailer's afld Konig’s 
processes, which depend on the extraction of the 
berries with hot water, give too high rosults. 

In Uilger's process, 10 grams of whole coffee 
are digested three times for half an hour each 
time, with 100 c.c. of a mixture of equal vols. of 
water and 90 p.c. alcohol at ordinary flempera- 
tures. Each portion of the extract is decanted, 
and the united extracts are made up to 500 c.c., 
filtered, and res i dive and ash determined. If, 
from the numbers thus obtained, there is 
deducted a constant 11-07 of dry residue, or 
0-83 of ash-free residue per 100 grams of drv 
coffee, the romainder represents the amount of 
caramel present. 

Upsher Smith (Amer. J. Pharra. 1911, 83, 
411) suggests employing the coloured solution 
prepared by adding Nesslor’s reagent to a solu- 
tion of an ammonium salt as a colorimetric 
tost. As an arbitrary value for the colour 
intensity of caramel, a ‘ 100 p.c.’ caramel is 
regarded as that which has such a colouration 
that 10 c.c. of its 0*1 p.c. solution when troated 
with 2 c.c. of the Nessler reagent and diluted 
to 50 c.c, matches the colour obtained by mixing 
10 c.c. of a solution containing 0 04 17 gram of 
ammonium oxalate in a litre, 38 c.c. of water and 
2 c.o. of Nessler solution. 

CARANNA v. Oleo -resins. ! 

CARAPA BARK. The bark, of Carapa 
Guianensis, has a bitter taste, and is used as 
a febrifuge. Said to contain an alkaloid, cara- 
1 pine (Pefcroz and Robinet, J. Pharm. 7, 293, 
349). 

CARAPA OIL. ‘ Carap Oil ’ or ‘ Crab Oil ’ 
(Fr. Huile Carape), is obtained from the goods of 
the ‘ caraji,’ ‘ crappo ’ or 4 crab-wood ’ tree, 
Carapa Guianensis (Aubl.), a native qf the West 
Indies and Central America. 

The oil is prepared in Trinidad foT local con- 
sumption by very primitive /nethods. Accord- 


ing to de Verteuil (Trinidad, London, 1858, 272), 
the seeds are gathered in June and July* boiled 
for 6 hours, then laid in heaps for 8 or 10 days, . 
during which time they undergo a sort of 
fermentation ; .they are then broken,* and the 
pulp they contain aarofully taken out and 
kneaded into lumps of thick 6aste, each about 
15 lbs. This paste is laid on boards slightly in- 
curvated and inclined, and placed in a sheltered 
place, when the oil oozes through the mass, and 
runs into a vossel plaoed fomts reception. The 
paste is carefully remoulded every morning and 
evening, so as to favour the disengagement of 
tho oil. After 12 days, boiling water is poured 
on the mass, and a fresh quantity of oil of 
inferior quality is thereby obtained. It is a 
clear yellow oil with a faint vegetable odour, and 
an intensely bitter taste which precludes its 
use as an edible oil. It is used locally as an 
embrocation against rheumatism and for tho 
destruction of ticks which attack domestic 
animals (de Verteuil. The Agricultural Record, 
Trinidad, August, 1899, 17). It has considerable 
reputation as a liniment for dressing wounds on 
horses and cattle. Its excessive bitterness re- 
pels all insects, and mixed with tar is used for 
preserving wood. It is well suited for the 
manufacture of soap, and it is in this direction 
that its futuro possibilities he. 

The oil from C. grandiflom , from Uganda, 
has been examined by Lcwkowitsch (Analyst, 
1908, 33, 184). (I ood’ kernels contained 30-20 
p.c. of oil. The colour of the cold-prossed oil 
was almost white, with a tinge of pale yellow. 
At tho ordinary temperature, it solidifies. The 
hot-pressed oil is much darker in colour, and 
remains solid at the ordinary temperature. 

Lowkowitsch (Analyst, 1909, 34, 10) has 
also examined tho oil from G. procera (D.O.), 
tho seeds liein^ obtained from Sierra Leone. 
Tho sound kernels yielded by extraction with 
other 57-20 p.c. of oil ; whilst the yield of oil by 
cold and hot extraction at a pressure of 150 
atmospheres was 40-7 p.c. 

The following analytical results are due to 
0. H. Wnght (Hull. liept. Agric. Trinidad, ix. 
19)0):— 

Specific gravity at 40°/40°C. 

Specific gravity at 1 5-571 fi’5 1 
Acid value 
Saponification value 
Iodine value 
Reichort Mcissl value 
Unsaponifiablo matter 

CARAWAY FRUIT. * Garni fnictus, B.P. 
The dried ripe fruit of Car urn Carri (Linn.). 

CARAWAY OIL v. Oils, Essential. 
CARBAMIC ACID 0H,N0 2 or NH 2 C00H. 
Aminoformic acid. An acid not known in the 
froe state. Ammonium carbamate is, however* 
met with in freshly Bublimed commercial ammo- 
nium carbonate, and may be prepared by mixing 
gaseous ammonia anti carbon dioxide. Obtained 
also by the action of alkaline solution of potas- 
sium permanganate on albumen, leucine, tyro- 
sine, and glycocoll. ^ 

CARBAZOLE C 12 H„N or <$|£>NH. A 
white crystalline substance founi amongst the 
products' of the distillation of coal tar, and 
also met with in crude anthracene. Carbazole 
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compounds are most easily recovered from crude 
anthracene by converting the former into the 
easily soluble nitrosoearbazolo (Wirth, Eng. Pat. 
14462; J. 8oc. Chem. Ind. 1901, 404). May be 
obtained by passing vapour oi aniline or di- 
phonylamine through a red-hot tube ; by boil- 
ing iminodiphenyl sulphide 

with reduced copper ; by passing the vapour of 
orthoaminodiphenyl over lime heatod to a dull 
redness (Blank, Bar. 1891, 900) ; or by acting 
on orthoammodiphonylannno with nitrous acid 
and heating the pncnylazimidobenzcno so formed 
to 300° (Craebe and Ullmann Annalen, 291, 10) 
Forms white laminae, mp 238°, bp. 351 5° 
(corr.). Carbazolo dissolves in concentrated 
sulphuric acid to a yellow solution which changes 
to red -violet on heating. Addition of formalde- 
hyde gives a blue solution changing to a greenish - 
blue on addition of large quantities (Cabretti, 
Chem. Zentr. 1907, ii. 98) 1 mol oarbazole, 

2 mols. salieylaldehyde and concentrated sul- 
phuric acid, heated to 100°-110' J , give an in- 
tense blue colour (Carrara, (Jazz, cliim. ital. 1899, 
ii. 535). 

By melting together carbazolo and oxalic 
acid, and extracting with hot water and benzene, 
dissolving the residue m warm alcohol, filtering 
and evaporating, carbazole blur is obtained 
The alcoholic solution of oarbazole blue, when 
treated with glacial acetic acid and zinc-dust, is 
decolourised. Filtered into caustic soda solu- 
tion, tho louco- base separates out os a white 
floooulent precipitate On oxidation with any of 
the usual reagents, tho blue colouring matter is 
again formed (Bamberger and Muller, Her. 1887, 
1903; J. Soc. Chem fnd 1887, 000). Carha- 
zole yellow is prepared from the totrazo- derivative 
of diaminocarbazolo it is easily soluble m 
water, and dyes unmordanted ^ptton in a neutral 
bath a fast golden yellow, and wool in a noutral 
or acid- bath a yellow, fast to milling (Bad. 
Anil, and Sod. Fab. Eng. Pat. 14478 and 14479; 
J, Soc. Chem Ind. 1889, 771) (v. Azo- oolouiunu 
matters). 

Ni trocar bazole is obtained by treating nitro- 
socarbazolo with 10 times its weight of benzene 
and its own weight of nitric acid; sp.gr. 1 30 
(Wirth, Eng. Pat. 2899; D. R. P. 128853; J. 
Soc. Chem. Ind. 1901, 890). Dinitrocarbazoles, 
v. Bad. Anil. u. Sod. Fab (1). R. P 40438; 
Frdl. ii. 447) ; Wirth (D. R. P. 128853 ; Frdl. 
Vi. 58) ; Trinitrocarbazole (Akt. Ges. f. anilinfab 
D. R. P. 295817). Theso mtro- compounds 
may be reducod to the amino- compounds by 
moans of alkali sulphides (Wirth, D. R. P. 
139568; Chem. Zentr. 1903, i. 746). By 
heating carbazolo with concentrated sulphune 
acid, a mixture of disulphome and trisulphonic 
acids is obtained. Nitration and subsequent 
reduction of the former yields aminocarbazole- 
disulphonio acid, which, when diazotised and 
coupled with /3-naphthol, yields a dyestuff 
dyeing red from an acid- both. If the nitric acid 
is added diroct to the products of sulphonation, 
on reduction a second amino- aoiil is obtained 
which, when diazotised and coupled with 
/3-naphthol, gives a rod dyestuff, and with 
a-naphthylamine a violet (Sohultz and Hauen- 
stein, J. pr. Chom. 19t>7, 3$6). The sulphonic 
acids, preferably the) disulphonie, condens 
with tetralkyldiamino diphenylcarbinol to yiel 


valuable green dyestiffs (Cassella & Co. Eng. 
Pat. 20709; J. Soc. Chem. Ind. 1909/ 697). 
By allowing nitrosophenol, its homologues or 
derivatives to act on carbazole in the presence 
of cone, sulphuric acid, compounds are obtained 
which yield blue sulphide dyestuffs with alkali 
polysulphidos (Haas, Eng. Pat. 2918 ; J. Soc. 
Chem. Ind. 1909, 517). For N-acyl derivatives 
of carbazole, see Copisarow. Chem. Soo. Trans. 
1918; 816. 

A method has been patented (Ch. Fab. Act. 
Gesoll. in Hamburg, T>. R. 1\ 81237 ; Ber. 1895, 
iv. 692) for obtaining potassium cyanido or 
ferrocyanide. by heating the potassium deriva- 
tive of carbazole in tho absence or presence of an 
iron Halt 

CARBITE. An explosive consisting #f nitro- 
glycerine (25), potassium nitrato (34), hour (38 *5), 
barium nitrate (1), powdered bark (1). and 
sodium ear lx male (0 5 part). 

CARBODYNAMITE v. Explosives. 

CARBOHYDRATES. The term is applied 
to polyhydroxy-aldehydes and ketones, and to 
the substances which give these when hydrolysed 
by beating with mineral acids Dextrose, 
ordinary sugar or sucrose, starch, and cellulose 
are carbohydrates universally distributed in 
plants Dextrose and glycogen onter into the 
composition of animal tissues. Tho simple 
carbohydrates, monosaccharides, have the em- 
pirical composition CJI 2 (), the most important, 
being tlioSe containing 5 or 6 atoms of carbon. 
Tho complex carbohydrates, polysaccharides, 
are built up from two or more simple carbohy- 
drates with the elimination of water ; they have 
the composition (C 6 H 10 O r> )«Il 2 O (Kiliani, ('hem. 
Zentr. 1908, 32, 366). Compounds in which n 
equals h, 2, 3, or 4 are distinguished by names 
having the suffix -use. They may be conveniently 
grouped as follows : — 

1. Monosaccharides. 

(a) Pentoses C,,H l0 () G , eg. arabinose, xylose. 

(b) Hexoscs (! fl H 12 0 B , aldoses, eg. dextrose, 
mannose, galactose ; ketoses, e g. lcevulose, 
sorbose. 

2. Disaccliaridos : n— 2. (! 12 H 23 O n . 

(a) Non -reducing, c.g. sucrose, trehalose. 

(b) Reducing, e.q. maltose, lactose, &o. 

3. Tmaccharides : rt=3. 0] 8 H 32 0 16 . Gen- 
tianose, raflinose, rnelezitose. 

4. Tetrasaecliarides : v— 4. C 24 H 42 0 21 . Sta- 
chyose. 

5. Polysaccharides : 

(a) Glycogen, inulin, dextrins, n unknown. 

(b) Starch, cellulose, n very large. 

Related to the carbohydrates arc those 

substances which yield simple carbohydrates, 
together with other substances when hydrolysed. 
Such are glueosidcs, gums, pectins, &c. ( q.v .). 

General characters.— Tho members of classes 
1, 2, 3, 4, and 5a are soluble in water. Thoy 
have a more or less pronounced sweet taste. 
The monosaccharides are colourless crystalline 
compounds, characterised by the .power ot 
5 reducing alkaline solutions of the heavy metals, 
for example, copper. They form characteristic 
compounds with phenylhydrazine. 

Tho di- and poly-saccharides are converted 
into simnlo caiDohydratos when hydrolysed. 
This change may be effected by means of mineral 
acids, or, as a rule, more quickly by enzymes. 

| The complicated r polysaccharides are usually 
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amorphous ; they tend to form -colloidal solu- 
tions, 'and are chemically relatively inert. In 
virtue of the hydroxyl- groups which they con- 
tain, they react with acetyl chloride, benzoyl 
chloride, nitric acid, &c., forming esters. 

Carbohydrate solutions are generally optically 
active. The direction and amount of the 
rotation vary with the substance, and also 
with the strength of the solution, the nature of 
the medium, the temperature, &c. The optical 
rotatory power of carbohydrates is made use of 
in their analyses (v. Saccharimotry), and as a 
guide to their structure. 

Interesting generalisations have been drawn 
by Hudson affecting the molecular rota- 
tions of a and 0 forms of sugars. It is 
now generally accepted that the difference 
between the molecular rotations of the a and 
0 forms of mutarotalory sugars is a constant. 
The compounds selected show considerable 
diversity of type and discordant res lilts have 
from time to time been explained away by 
showing that the compound in question is 
derived from other than the a and 0 forms of 
the sugar (ef Hudson, J. Amer. Chem. Soc. 1917, 
39, 1013). The maximum values for the 
specific rotations art' now arrived at by the 
indirect method based on solubility measure- 
ments (Lowry, (!hem. Hoc. Trans. 1904, 8.7, 1551 ; 
Hudson, J. Amer. Chem. Soc. 1904, 20, 1005). 
The asymmetric system attached to the a-carlion 
atom exerts a preponderating mfhicftce on the 
activity of these compounds and determines 
the sign of the rotation. 

Hudson’s generalisation havo enabled tho opti- 
cal rotatory power of carbohydrate derivatives to 
he used ns an important guide to their structure. 

Constitutional formula of Dextrose . — fn addi- 
tion to thoso carbohydrates which occur na- 
tuially, a number of others have been prepared 
artificially by Emil Fischer, and it is largely to 
his work that the present complete knowledge 
of the group is due. (Fischers original work 
has been ropublished, Fntersuchungen uber 
Kolilenhydrato, Berlin, 1909, .T. Springer.) 

Dextrose and its isomerides C 8 H 12 O fl , con- 
veniently termed glucoses, have 5 oxygen 
atoms present as ‘ hydroxyl,’ since thoy form 
esters such as dextrose pentacetate 
C 8 H 7 0(0-C0-CH 3 ) 6 

The sixth oxygen behaves as an aldehyde in 
dextrose and galactose, as a ketono in loovtilose 
and sorbose. The two classos of compounds are 
accordingly rofoired to os aldoses and ketoses. 
Reduction converts the glucoses into alcohols 
0 8 H 14 0 8 , dextrose yielding sorbitol and mannitol, 
and galactose forming dulcitol. Secondary 
hexyliodide, a derivative of normal hexftne, is 
formed by the action of hydrogen iodido ; heneo 
the glucoses must possoss all their six carbon 
atoms united in normal chain. 

Dextrose on oxidation yields, in the first 
place, gluconic acid CgHglOHL’OO.jH which 
retains all six carbons and, like dextrose, forms 
a pentacetyl ester. Further oxidation converts 
it into saccharic acid C 8 H 10 O s . GalactoHo 
behaves similarly, yielding the isomeric galac- 
tonic, and mucic acids. Taking further into 
consideration the reducing power %f dextrose, 
the oonstitutioial formula may be written : 

CH a (OH)CH(OH)-CH(OH)Cp(OH)-CH(OH)-CHO 


This formula does not fully express the 
behaviour of dextrose, which lacks many of the 
well-attested properties of the aldehydes ; for 
example, it is not oxidised in tho air, and does 
not show their various colour reactions. • Tollens, 
in 1883, therefore, proposed the iactonic or 
7-oxide formula (i.), which may also be written 
(ii.) : 

/CH(OH) H— C— OH 

/ Jh(OH) • HCOH\ 

0 J J 0 

\ •CH(OH) HOCH 

\c!h ho/ 

Jh(OH) hIioh 

(!ii 8 (OH) Ah 2 oh 

(i.) (ii.) 

This formula (i. or ii.) is in entire agreement 
with the reactions of dextrose, and has been 
generally adopted Jt is supposed that in 
presence of alkalis and other reagents the 

7-oxide ring opens, forming the aldehyde. 

Tho discovery of a third methyl glucoside 
(Fischer, Ber. 1914, 47, 1980) and of ad- 

ditional isomerides of other glucose deriva- 
tives (Hudson, J. Amer. Chem. Soc. 1915, 37, 
1589, 1591 ; 1910, 38, 1223) has involvod the 
recognition of a different internal linking in tho 
sugar molecule. The oxygen atom may connect 
other pairs of atoms as well oh the 1st and 4 th. 
The now form of sugar termed 7-glucose 
(dextrose) obtained from this glucoside has not 
been isolated in the free state, but its tetra- 
niothyl derivative is known (Irvine, Chem. Soc. 
Trans. 1915, 107, 524). This is far more 
reaetivo than the corresponding derivatives ot 
a- or 0-doxtros#: it condenses with alcohol 
with extreme case and instantly roduces alkaline 
permanganate solution, giving rise to a new form 
of tetramethyl glueonio acid. 

The work of Tanrct (Compt. rend. 120, 1060) 
has shown that dextrose exists in more than 
one form. In addition to the hydrated and 
anhydrous modifications, he isolated two other 
anhydrous modifications. These differed par- 
ticularly in optical rotatory power. Tanrct 
described as a-aextroso having [o] D -f 110° when 
first dissolved, and falling in aqueous solution ; 
a 0-dextroso having fa] D + 19°, .and increasing 
in solution ; and a dextrose having [a] J) +52*5°, 
and remaining constant in solution. This 
modification was called 7-dextrose by Tanret. 
It is not the .Samo, of eourse, as the 7-glucose 
mentioned above. It had long been known 
that tho optical rotatory power of freshlv 
dissolved dextrose diminished to about one-half 
its initial value in solution, and the term muia jj 
rotation or bi-rotation was applied to this 
phenomenon. 

Dubrunfaut ascribed the change to purely 
physical causes. Fischer considered that the 
aldehyde dextroso underwent hydration to an 
alcohol C 8 H 44 0 7 of lower rotatory power. In 
view of Tanrot’s discoveries, it is now considered 
that the change in rotatory power is due to the 
mutual interconv#rsion*of the a- and 0-dextroses, 
until oquilibriufo is attained. Tanret’s 7-dextrose 
represents such an equilibrium mixture. It is 
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supposed that both a and ^-dextrose have a , 
closed y-oxide ring structure, and it is still a 
matter of controversy whether some propor- 
tion of open-chain aldehyde is present in solu- 
tion in* the equilibrium mixture. (For the j 
full discussion of this question, see E. F. Arm- 
strong’s The Simple Carbohydrates, Longmans, 
1919). 

To understand fully the relation of a- to 8- 
dextrose, it is necessary to refer to the van’t I 
Hoff-Le Uel conception of space isomerism. 
Chemical compounds which rotate the plane of , 
polarised light contain an asymmetric, carbon 
atom, that is, one in which the four affinities are i 
satisfied by four distinct radicals. Such a 
carbon atom is considered as lying in the centre 
of a tetrahedron, and each of the four different ' 
radicals with which it is combined as being at , 
the four solid angles thereof. Two modified- i 
tions of the compound are possible, which arc j 
related to one another like an object and its | 
refleeted image. 

In the Tollens formula for dextrose, the | 
carbon atom (C) has the four different, groujis, ' 
H, OH, the oxygen of the ring, and the complex 
0 5 ll 1,,)0 4 attached to it. It. is asymmetric, and j 
two lHomendes are possible, which are repre- ] 
Rented on a plane surface by writing H and OH 
on one or other side of the carbon atom, as the 
following forrnuhe show : — * 


CHO 

I 

HOCH 

I 

HOCH 

I 

HOOH 

I 

HCOH 


CH 2 OH 

Mannose. 


CHO 

l 

HCOH 

I 

HOCH 

I 

HCOH 

HCOH 

I 


CHO 

I 

HCOH 

Hoi)H 

I 

HOCH 

I 

HCOH 

I 


CH 2 OH CH 2 OH 

Dextrose. fin lactose. 

Mannoso and galactose, like dextrose, exist 
in a- and $- forms, and it is more correct to 
wnte their formula? ip the form adopted for a- 
and ^-dextrose. • 

As ih to be expected, the isomeric glucoses 
differ hut little in their chemical behaviour. 

Formula of Lamilose. — La?vulose, when oxi- 
dised, forms glycollic and trihydroxyglutarie acid, 
or othef acids with less than (> carbon atoms. 

It forms an additive compound with hydrogen- 
cyanide, which yields la>vulosc carboxylic acid 
C 7 H, 4 O h on hydrolysis ; and this, when boiled 
with hydnodic aeul, is converted into meth\l- 
butylaoetie acid C 4 H 9 ('RMe-C() 2 H. 'Plus be- 
haviour establishes bcvulose as a ketohexose. Jt 
has the formula 1 : 


HO — C — H 

/ 

HCOH 


HOCH 




HC 

I 

HCOH 

I 

CH 2 ()11 

n-Dextrose 


11 — C — on 

/\ 

IICOH\ 

I 0 

HOCH , 

\/ 

HC 

I 

HCOII 


CH 2 OJ[ 

j8-De\tiosc 


Corresponding to these two isomeric forms, 
dextrose gives rise to a double series of deriva- 
tives. 

The compound represented by the formula 
(!H a (OH)CIT(OH)CH(OH) OTT(OIT)C: 11(011) CHO 
contains four asymmetric carbon atoms 
(marked *), and should, therefore, be capable 
of existing m 10 stereoisomerie forms, 8 of 
which would be mirror images of the other 
8, and of cqiufl but opposite rotatory power. 

The carbohydrate group has afforded a unique 
opportunity of testing this hypothesis, and 
although only three of the isomcrides occur 
naturally, no less than 12 havtf l»een prepared 
artificially by Fischer, who has, in addition, 
made them in such ways that their structure is 
established. 

# The known aldohoxoses are the dextro- and 
lfflvo- isomerides of mannose, dextrose, idose, 
gulose, galactose, and talose. Two further 
isomerides, namely, d-allos« and d-altrose, were 
obtained by Levene and Jacobs in 1910 (Tier. 
43, 3141), starting from d-ribose. t This is a 
component of many nucleosides, and so a 
“considerable quantity had been accumulated for i 
the purpose of applying Jhe cyanohydrin process. 
It will suffice to give the constitutional formulae 
as established by Fischer of “the natural 
members 


(TL ,011 
I 

co t 

Horn 

l 

HCOH 

I 

HCOH 

I* 

ch 2 oh 

Fischer formula. 


CH.OH 

I 

C— OH 


/\ 

HOCH 


HCOH/ 


HC 

CH 2 OH 

7-Oxide formula. 

Fructose hIiows a pronounced tendency to 
exist, m reactive forms other than the normal 
7 -oxide type — jirohably many of its compounds, 
including sucrose, are derived from the ethylene 
oxide type 

OH-CH 2 [C.Hi)Il] B -CHC(OH)CH g -OH 

V 

The ethylene oxide form of methyl fructosido 
readily condenses with acetone and rapidly 
reduces permanganate. 

Formula 1 of the Pentoses and Teiroses . — Eight 
aldopentoses aro possible, of which seven have 
been artificially prepared, viz. d- and /-arabinoSe 
and xylose, d-lyxose, and d- and fribose. The 
two moat common naturally occurring pentoses 
have the constitutional formula? : 


CHO 

HCOH 

HOCH 

I 

HOCH 

ill a 0H 

f-Arablnose. 


CHO 

I 

HCOH 

I 

HOCH 

I . 

HCOH 

I 

CH 2 OH 

J-Xylola. 


Like d^ctrosc, they occur in two forms, and 
aro more correctly written with a y-oxide 
structure. ‘A pentose believed to be d-arabinose 
has been isolated ^om the glucoside “barbaloin 
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(Leger). Levene (Ber. 1909, 42# 3247 ; 1910, 
43 , 3147) obtained i-ribose from nucleic acid. 

Three out of the four possible aldototroses 
aro known, viz. d - and J-erythrose and /-threoso, 
but they have not been found in nature. 

Reaction with Phenylhydrazine . — The beha- 
viour of the carbohydrates with phenylhydrazine 
is particularly characteristic, and it has further 
an historical interest, as phenylhydrazine<fei the 
hands of Fischer, served as one of the chief aids 
in the elucidation of the relationships of the 
group. 

Dextrose reacts with the reagent in acetic 
acid solution in two Htages. In the cold a 
phenylhydrazone is formed : 

C e ITj 2 (L + 0 # H 6 * Nil* Nil a 

- ><VUH : N NTPC 6 H b f H 2 () ; 

This is a colourless substance, soluble in | 
water, and is obtained in two modifications, j 
one or the other predominating according to the I 
method uf preparation. Similar compounds, j 
with asymmetrically disubstituted hydrazines — | 
for example, bcn/.ylphonylhydrazine — arc often | 
less soluble ami more (‘haraeteristie. Mannose is ] 
remarkable in forming an almost insoluble 
phenylhydrazone. The hydrazones of lactose 
and maltose are very soluble. 

At the temperature of boiling water, dextrose 
reacts with excess of phenylhydrazine to form 
the phenylosazone 

CJH a (OII)’[OH(OH)] 3 *C(: N NIlPh) CH: N NHPh 


[ phenylhydrazone, it is boiled in water with a 
slight exoess of benzaldehyde. The phenyl- 
hydrazine is removqjj as benzaldehyde phenyl* . 
hydrazone, the excess of aldehyde extracted by 
ether, and the. sugar solutiori concentrated in 
vacuti. With the disubstituted hydrazones better 
results arc obtained on using formaldehyde. 

The phenylhydrazine residues may be 
removed from the osazones by heating with 
fuming hydrochloric acid. Compounds termod 
osones are formed : • 

CH 2 (0H)*LCH-(0H)] 3 -C0*CH0 
These arc colourless syrups ; they act as 
strong reducing agents, combine directly with 
phenylhydrazine, and aro non -fermentable. The 
slightly soluble osazones of the disaCcharides, and 
of the pentoses, aro converted into osones on 
boiling with benzaldehyde. 

When reduced by means of sodium amalgam, 
the osones aro converted into ketoses, and not 
into the aldoses from which they were formed. 
Thus it is possible to pass from dextrose to 
l ami lose — a transformation of great importance 
— the stages being : 

dextrose ] ihenylosazone osone lfiovulose 

Another important transformation is that 
from dextrose to mannose, which is based on 
the fact that gluconic acid (7.71.), when heated 
with quinoline, is eonveried into a mixture of 
gluconic and mannonjc acids The stages in 
this case are : 


Dextrose (1 molecule) is heated with 3-4 
molecules of phenyl hydrazine, which should be 
almost colourless, and free from oxidation pro- 
ducts, and an equal volume of 50 p.c. acetic acid 
m a llask immersed m boiling water for fin hour 
or more. Usually the osazone begins to separate 
in 20 minutes or less. Tn the case of the (lisac- 
chaiidcs, no separation of osazone takes place 
from the hot solution. 

The yellow osazone is filtered and carefully 
washed ; it may bo crystallised from most 
organic solvents, but the most suitable appears 
to be a dilute solution of pyridine. Dextrose, 
mannose and Ucvulose fort# the same phenyl 
osazone, as they differ only in the relative posi- 
tions of groups which arc destroyed m the forma- 
tion of the osazone. 

Too much dependence must not be placed 
on the melt ing-points of the osazones in identify- 
ing unknown sugars in solution, as these depend 
very largely on the rate of heating, and the 
method of purification adopted. Disubstituted 
hydrazines do not directly form osazones with 
dextrose, though these may be prepared from 
the osones. 

Diphenylmethanedimethyldihydrazino 

CH 2 (C 6 H 4 -NMe-NH 2 ) s 

(J. vofi Braun, Ber. 1917, 50, 42 ; Votooek, Ber. 
1917, 50, 35) appears likoly to be of use in 
determining the configuration of aldoses. 
Hydrazones are only produced when at least two 
of the CH(OH) groups following the aldehyde 
group .have the same spatial arrangements. 
Thus hydrazones are formed with arabinose, 
lyxose, rhamnose, ribose, rhodeos^, fucoac, 
galactose, mannose, but not with xylose, iso- 
rhodeose and gluoose. * 

To reoover the original sugar from the 


.. i v. (trlueoniel. ^ fmannonie 
D,-xtrow->^ iu)j(| a ,. i(1 


>~>mannoso 


By the aid of these two reactions, Fischer 
was able to pass from the synthetical a-aerose to 
(/-glucose, (/-fructose, and (/-mannose, and so 
effect the complete synthesis of the naturally 
occurring liexoses. 

The scheme on next page shows the succes- 
sive operations. 

('yanohydrtn synthesi *. — The aldoses combino 
directly with hydrogen cyanide, forming nitriles, 
which, when hydrolysed, give rise to acids con- 
taining ono carbon atom more than the original 
carbohydrate. The lactoneR of those acids, 
when reduced with sodium amalgam, yield the 
corresponding aldoses with one carbon atom more 
than the original carbohydrate : 


lUr n 0 6 CH0 + HCN=CjlT lI O 5 CH(()H)*CN--> 
t'BfOTUCOjjll— ^CgHuOj’C’Il/OH 


!H(OH)CHO 


In this manner arabinose ib converted into 
dextrose, dextrose into glucoheptose. Fischer 
has continued the process as far as the aldono* 


1UBC. 

Actually two isomerides are formed at each 
bage, and arabinose gives both dextrose and 
lannose. • 

Degradation.— -The converse change from 
extrose to arabinose has been effected by 
Bveral different methods. 

Wohl (Ber. 1893, 26, 730, &c.) heated dex- 
rose oxime with concentrated sodium hydroxide, 
a converting it into gluconic acid nitrile, from 
rhich, on further heating hydrogen cyamde was 
liminated and (/-arabinose formed 

B H n 0 5 *CH0-» , 'C 8 H n 0 ft -CH:N*0H-> 

0 6 H u O 6 -CN-*e B H 10 O e 
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a-aorose (obtained from acrolein bromide, glycerose, er formaldehyde 
J [by heating with phenylhydrazine] 

cH-phenylglucosazono 

J (by treatment with concentrated hydrochloric acid] 
d/-glucos*one 

I (by reduction .with zinc-dust and aoetic acid) 


* rTZ-lfc vulose 

[by fermentation with yoastj j | [by reduction with sodium -amalgam 1 
Maivulose (dextro-rotatory) di- mannitol (a-acritol) 


-phonylglucosazone 


j [ by oxidation with acid] 
dl- mannose 

j | by oxidation with bromine] 
d/mannonic acid 

1 [by separation with strychnine and morphine J 


r 

/-inannonic acid (hevo-rotatorv) 


] ( by reduction with sodium [by reduction with sodium 
amalgam] amalgam | 


d-mannonic acid (dextro-rotatory) 


7-mannose | 

| | by further reduction] d-mannose 


[ by heating with quinoline] 


I 


/-mannitol 


[by further reduction l j 


d-mannitol 


d-gluconu* acid 


| by treatment with phenyl- I [bv reduction! 
hydrazine acetate | i 

d-glueose (/ c. ordinary 
| dextro-rotatory dextrose) 

d-phenylglucosazone 

I I L l *y reduction! 


d-glueosone iso-glucosamino 

j | by i eduction) [by nitrous acid] j 

I I 

d-l.cvuloso (ordinary hevo-rotatory laevulose) 


In practice the mothod adopted is to heat 
the oxime with acetic anhydride and a grain of 
zinc chloride ; a vigorous reaction ensues, and 
the pentacetate of gluconic acid nitrile is formed, 
from which hydrogen cyanide is eliminated by 
treatment with ammonmeal silver oxide. 

. Ruff (Bqt. 1898, 31, 1573) oxidises the 
calcium salt of gluconic acid, with hydrogen 
peroxide in presence of a ferrous salt (Fenton’s 
mothod). The carboxyl-group is eliminated, 
and arabinose formed. 

Neuberg (Biochem. Zoitsch. 1908, 7, 527) 
effects the elimination of the elements of formic 
acid from gluconic and similar acids by electro- 
lysis. 

Weorman (Chem. Soc. Abstr. 1915, i. 387) 
obtains gluconamide by saturating glucono- 
lactone in alcoholic solution with ammonia. 
On subsequent treatment with hypoehlorous 
acid the amide is decomposed accorcling to tho 
scheme * 

RCH(OH)CO.NH a ->RCH(OH)N : C : 0-> 

R-CHO 

According to Jrvino the reactions proceed with 
the utmost smoothness and constitute a great 
improvement on the methods hitherto in use. 


The reaction has been applied to glucose, 
galactose, /-mannose and /-arabinose. 

Action of Adda — Dilute acids are without 
action on the aldosoR, but when submitted to 
the continued action of acids, hexoses yield 
I.evulio acid (acetopropionic acid) 

(ch s -co‘CH 2 -(;h 2 -(;o 2 h) 

and formic acid, together with brown or black 
humus substancos. The first product from the 
2-ketohexoses is 4-hydroxymethylfurfuraldo- 
hyde 

CHO C : CIRCH : C CH a OH 

— --0 - 

and it is to the condensation products of this 
aldehyde that the colour reactions of the ketoses 
with phenols are due. Blanksma and Ekenstein 
have shown that this aldehyde is also produced 
on heating mannose or dextrose with oxalic acid, 
and Fenton obtained 4-halogenmethylfurfurol 
from lirvulose, and more slowly from the aldoses, 
on treatment with dry halogen hydride. The 
aldoses apparently undergo a 1-, 2-enolisation 
and conversion into 2-ketohexose. 

Aciioft of Alkalis . — Although absolutely stable 
in pure aqueous, solution, dextrose, mannose, 
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&nd fructose pass over into one, another in 
presence of traces of alkalis in the cold. The 
optical 'rotation of a dextrose solution containing 
alkali, for example, slowly falls to zero. ThiB 
change was observed by Lobry de Bruyn and 
Alberda van Ekenstein (Rec. trav. Cinm. 1895, 
14, 150, 204). It iB due to the conversion of the 
sugar originally present into enol : 

CH g (OH)iOH(OH)VC(OH) : CH(OH) 

which is reconverted into all three hexoses. 

(luanidino (Morrell and Bellars, Chem. iSoc. 
Trans. 1907, 91, 1010-1033) brings about 
similar changes. 

The action of alkalis on the carbohydrates 
.is exceedingly complicated*, and leads to the 
formaticm of a great variety of substances, m 
additionto humus compounds. The concentra- 
tion of the alkali is of great importance, a larger 
number of products being formed when the 
relatively sparingly soluble lime and bartya 
( Iviliam) are used, than when concentrated 
sodium hydroxide is employed (Nef, Annalcn, 
1910, 370, 1 ; 1914, 403, 204). The latter paper 
contains a summary of many yeans’ work, and 
is the mam source of information on this complex 
sub|cct. In contact with dilute alkalis pro- 
t< ind changes ensue in a hexose, an equilibrium 
being finally established between the various 
enolic forms. The number of possiblo forms 
it. diminished as the concentration of the alkali 
is reduced. The unsaturated molecules formed 
undergo fission at tho double bond. 

The decomposition takes place quickly on 
heating, slower in the cold, with the production 
ol acetol, ucotone, lactic, acetic and formic 
acids, also glucmie and saccharumic acids, and 
other substances. With calcium hydroxide 
saccharin or calcium sacchannato is produced. 

in addition to these substances, intermediate 
products are formed, more closely related to tho 
monosaccharides, and from which these are 
leeonstructed by the synthetic action of the 
alkali. 1 1 is established that hexoses In oak down 
into a molecule each of diose and aldototrose, 
or into 2 molecules of glycenne aldehyde, that 
is, the 2 : 3 and 3 : 4-dienols .decompose. The 
1 : 2-dionols never break down into aldopentosc 
and form aldehyde. Conversely, hexoses are 
never built up from pentoses. 

Pentoses form 1 : 2-dienols, which, in the 
mam, give aldotetroses and hydroxymethylene 
oil decomposition ; they also foim 2 : 3-dicnols, 
breaking down to diose and glycerine aldehyde. 

Dextroses exclusively form 2 : 3-dienols, 
breaking down to 2 molecules of diose ; they 
never give 1 : 2-dienols yielding hydroxy- 
methylene and glycerine aldehyde. The strongly 
dissociated zinc hydroxide ammonia acts on the 
monosaccharides in the cold, producing inethyl- 
CMc-NH 

glyoxalinc || *>.Ch (Windaus, Bcr. 1905, 

CH*N^ 

38, 110(5 ; .1906, 39, 3880 ; 1J97, 40, 799). 

Saccharinle acids. According to Nof (Anna- 
len, 1910, 376, 1) there are 24 isomeric sac- 
oharinic acids, with 6 carbon atoms, namely 
a-meta*aacoharinic acids (cry&e-tetrahydroxy- 
hexoic acids), 

CO a H-CH(OH)-CH a -CH(OH)-CH(0^'CH 2 OH . 

derived from tho 16 aldohexo^es ; 4 isosacchar- 


iuio aoids (a-hydroxymethyl a>5 -trihydroxy « 
valerio acids) : 

CO a H-C(OH)(CH a -OH)-CH 8 -CH(OH)-CH 2 (OH)' 
derived from the 8 /3-ketohexoses ; 8 saocharinio 
acids (a -mcthyltclrahydroxy valeric acids) : 

CO a H-CMe(OH)-CH(t)H)-CH((lH)-ck a (()H) 
derived from the 8.7-ketohoxoses ; and 4 para- 
saccharinio acids (a, « -hydroxy ethyltrihydruxy- 
butyric acid) : 

CH 2 (OH)-CH a C(OH)(CO a ll)-CH(OH)-CH a (OH) 
Tho lactones of those acids arc known as 
saccharins*. They give rise to characteristic 
alkaloid salts and phenylhydrazidcs, and possess 
optical activity. Tho saccharins are obtained 
by the action of lime on dextrose, • maltose, or 
lactose. 

SynUu sid of Mo nosaccharide s . — r rhe condensa- 
tion of formaldehyde under the influence of 
bases to carbohydrates has been the subject of 
repeated study. Butlerow, using milk of lime, 
obtained an uncrystallisable syrup with a sweet 
taste, which behaved as a sugar, but was non- 
fermentable and optically inactive. He termed 
I the product niethylcmtan. Loew improved the 
| technique of the method by saturating a 4 p.o. 
j solution of formaldehyde with slaked lime in 
the cold, and allowing it to stand. The syrupy 
product was termed ‘ foimose,’ and supposed by 
Loew to be homogeneous, but subsequently 
Fischer showed that 011 treating it with phenyl- 
liydiazme, a mixture of osazones was formed, 
one of winch was identical with a-acrosazone. 
Nel has given icasons for believing formose 
(prepared by means of lead oxide) to bo 
a nuxtuio 111 approximately equal parts of 
isomeric hexoses and pentoses : its composition 
obviously depends on the alkali employed and 
its concentration. 

Fischer and lltfel effected the condensation 
of acrolein dibiomide by means of baryta, and 
showed the syrupy pioduct to consist of two 
sugars, distinguished as a- and /3-acroso. Subse- 
quently, crude glyccrose was made tho starting- 
point of the synthesis. It is a mixture of 
glycerine uldehyde and dihyroxy acetone, both 
of which substances have, in after -years, been 
separately used as tho initial material. Fenton 
has used glycollip aldehyde in the same manner. 

A product of synthesis by all these methods is 
a-aerose, which is partly fermentable by yeast, 
and this Fischer isolated as phenylosazone, and 
showed to be identical with inactive dMaevulose. 
From this by the series of reactions already 
given, he obtained the natural d-glucose, 
S-maimoBC, and tf-fructoso (lsevuloec), as well 
as their optical antipodes and a number 
of new isomerides. The application of the 
methods of degradation, elsewhere described, 
enabled pentoses and tetroses to be synthetically 
prepared from these hexoses, whilst the cyano- 
hydrin reaction made it possible to obtain 
monosaccharides with 7, 8, and 9 carbon atoms. 

The full explanation of the synthesis of 
carbohydrates m tho green leaves of growing 
plants has Itill to be given. It is generally 
supposed that formaldehyde, the first product 
of assimilation, undergoes polymerisation to 
carbohydrates, a tl^ory Advanced by Baeyer in 
1870 (Ber. 3, 63)? Various compounds, such as 
glycollic and glyceric aldehydes and dihydroxy 
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acotone, have boon suggested as intermediate 
stages in the polymerisation, but it has never 
been possible to detect any of these in tho plant. 
Apparently tho synthesis is asymmetric, hexoses 
of the dextro- series, and their polysaccharides 
being the bnly .products of assimilation. It is 
Bup posed that tho formaldehyde elements are 
superposed under the inftucnoo ol the asymmetry 
of the protoplasm molecule, according to a 
definite plan, and are split off when six are 
united. 

Synthesis of Disaccharides . — Though often 
attempted, the synthesis of disaceharides, by 
purely chemical moans, has only been partially 
successful. Fischer and Armstrong have pre- 
pared a syrupy compound, probably identical 
with the natural sugar melibiose, by the inter- 
action of acetochlorogalactoso with sodium 
glucosate. 

• Fischer and Delbriiek found that when 
acetobromoglucoso is shaken in dry ethereal 
solution with silver carbonate and traces of 
water, the octaoetyl derivative of a disaccharido 
is obtained. This is hydrolysed by cold barium 
hydroxide to a non-reducing disaccharido of 
the type of trehalose. Tho octaoetyl- derivative 
is a mixture of isomeridos, and yields lsomene 
disaccharidos. 

In the plant the di acchandes aie formed 
from hoxose by the agency of enzymes, which 
exorcise synthetic as well as analytic functions. 
It is undecided whether tho same enzyme can 
cause both synthesis and hydrolysis, or whether 
special enzymes alone act as synthetic agents 
It is proved, however, that an enzyme effects the 
synthesis of a carbohydrate isomeric, with that 
which it normally hydrolyses, tho two compounds 
being apparently related m the same manner 
as the a- and /3-methyl glucosides ( v . Croft 
llill, Chem. Soc. Trans. I898f 73, 034 ; 1903, 
83, 587 ; E. F. Armstrong, Proe. lloy. Soc. 1905, 
70, B, 592 ; and monograph on Carbohydrates, 
1919). 

It lias been established by Bourquelot that 
the equilibrium between a sugar and a glucoside 
when in contact with the appropriate enzymo 
can bo displaced in the direction of the glucosido 
when the solvent contains excess of the hydroxy 
component of the glucosido. A large number of 
glucosidos have been synthesised by Bourquelot 
from sugars dissolved in alcohols containing 
varying amounts of water : in every case the 
lucoside synthesised being that normally 
ydrolysed. This reaction, however, is not on 
ail fours with that taking place in a concentrated 
solution of sugar in the absence of an alcohol, 
and so far all attempts to synthesise maltose 
or sucrose in this manner have been definitely 
without result. 

In the following pages the occurrence, 
•preparation, properties, and derivatives of tho 
natural, mono-, di-, tri-, and totra-saccharides, 
also glycogen and inulin, are dealt with. Sucrose, 
the dextrins, starch, and cellulose, are described 
in separate articles. 

Dextrose. Dextroglucose, grope sugar, 
starch sugar C 6 H, a 0 6 and C # H 12 0 2 ,H 2 0. 

Occurrence . — Reducing sugars are very widely 
distributed in nature, » but dextrose is almost 
always accompanied by lthwilose, the two 
hexoses being probably derived from sucrose. 
It is thus found in honey, in the juioe of jno|t 


fruits, and generally in vegetable tissues in 
small quantities. In tho animal kingdom it is 
found in blood and in diabetic mine. 

Formation . — Doxtrose is formed on hydro- 
lysing most of the known polysaccharides and 
glucosides, either with acids or enzymes ; it is 
similarly formed from glycogen. Thus cellulose, 
starch, dextrins, the disaccharides maltose, 
lactose, and sucrose, all yield dextrose. 

Preparation . — Dextrose is usually prepared 
from stareh or sucrose. It can be obtained from 
any of the substances mentioned, but they are 
less suited for tho preparation m quantity. 

Crude commercial dextrose is purified by 
dissolving in 8-10 p.q, of hot water, and adding 
dry boiling methyl alcohol, until a cloud is 
produced. This solution may be decolourised 
by shaking with animal charcoal, and filtering. 
On standing, anhydrous dextrose in a pure state 
separates abundantly. To prepare dextrose 
from sucrose, the latter must first be inverted. 
Tins is best effected by treatment at a tompera- 
tuienot exceeding 50°, with a small quantity of 
mvertase or of pressed yeast. After a lew houi s 
th(>. solution is evaporated m tuciid to a syrup, 

; wlueh solidifies on standing. The mass is washed 
with cold ethyl alcohol (sp.gr. 0-830), and the 
residue dissolved in more alcohol. Dextrose 
crystallises on cooling. 

Sulphunc acid may be used for inversion ; it 
must be neutralised with baryta before evapora- 
tion. Sokhlct advises the use of alcoholic 
hydrochloric acid at 50° for 2 hours. Dextiose 
crystallises m a few days without neutralisation. 

Properties. —Dextrose ciystallisesfrom strong 
(93-95 p.e.) ethyl or methyl alcohol in the 
anhydrous state, C fl H l2 O 0 , and from concen- 
trated aqueous solutions at 30° -35° ; with special 
treatment, crystals of this composition may 
also be obtained. The crystals formed m 
aqueous solutions at ordinary temperatures con- 
tain a molecule of water of crystallisation, 
C 8 H| it () a ,H 2 0. Tho anhydride forms white 
crystalline crusts or powder and, when it sepa- 
rates from the solvent slowly, fairly well-defined 
glassy prisms ; tho hydrate crystallises in 
oauliHower-hko masses, but with care and slow 
crystallisation well-delincd crystals can be ob- 
tained. Both bodies dissolve easily in water, 
t-hc anhydride with evolution of heat. The 
hydrate dissolves freely in strong ethyl or 
methyl alcohol, especially on thp application of 
heat, but the anhydride is practically insoluble 
in these liquids. 

a -Dextrose exists in contact with boiling 
saturated alcoholic solutions : it forms hard 
brittle needles, From aqueous solutions mono- 
hydrate crystallises m six sided leaflets. As 
purified by crystallisation from dilute methyl 
alcohol a mixture of the different forms is 
obtained. A homogenous product is obtained 
by ayowing the mixture to soak several days 
or weeks at a constant temperature with the 
solvent until the whole of the /8-sugar present* 
has been converts into the a-isomeride. 
Hudson and Dale (J. Amer. Chem. Soc. 1917, 39, 
320) obtain the a-form by dissolving twQ parts 
of sugar in one part of water and adding 4 parts 
of glacial* acetic acid, crystallisation being 
allowed to, take plage at the ordinary tempera- 
ture. 

fi-Deztme is formed by heating dextrose at 
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100 °- 110 ° for some hours or by crystallisation 
from water above 98°. From a solution in 
boiling pyridine a monopyridine salt separates 
which on exposure rapidly loses pyridine 
(Behrend). An even better method of prepara- 
tion is said to be the following (Hudson and Dale): 
10 parts of dextrose are dissolved in 1 part of 
water on a water bath, and 12 parts of glacial 
acetic acid heated to 100° are added. The wholo 
is well mixed and removed from the water bath 
when crystallisation at once commences. After 
four such crystallisations pure j3-dextrose is 
obtained. 

y-Dextrme (tho equilibrium mixture) is 
obtained on precipitating with alcohol a 
•concentrated aqueous solution which has stood 
for someifcimo. 

The initial optical rotatory powers of the 
two forms and that of the equilibrium mixture 
aro as follows in aqueous solution : — 

a-La] ll +113*4° 

7-ta^ f 52‘2° 

(Hudson and Dale, J. Amer. Chem. Soc. 1917, 
39, 320). 

An aqueous solution of dextrose containing 
10 giams anhydrous dextrose in 100 c.e. of 
solution at 15*5°, has a sp.gr. 1*0385. Its 
solutions are optically active, t.r. possess the 
power of rotating the plane of polarisation of a 
ray of polarised light. The rotation is right- 
handed. Hesse (Annalcn, 170, 100) and Tollcne 
(Per. 17, 2234) have carefully determined this 
constant, and tho latter’s results aro expressed 
by the formula • 

[a] u = 52*5° +0*0 1 8790P + 0 *0005 1 083P 2 
for tlie dry sugar, and 

fa] D = 47*73° +0*01553 4P+0-0003883P 2 
for tho hydrate C a H ]2 O s ,H s O, in which P = 
the percentage of anhydride and hydrate in 
solution. In dealing with solutions contain- 
ing 10 p.c. dry sugar, the factors [c] D — 52*7° and 
[a]j = 58*3 0 may be used. The i optical activity 
of dextrose solution is not materially affected by 
temperature. Tho activity is nearly twice as 
great in freshly prepared solution, diminution 
taking place slowly in cold, but rapidly in boiling 
solutions, until the constant value is arrived at. 
It is only crystallised dextrose that exhibits this 
property of bi-rotation, as it is called, dextroso 
fused and allowed to solidify does not show it 
(Hesse, Annalcn, 176, 1 13). The solution of dex- 
troso in strong alcohol retains the power of 
bi-rotation. 

When dextrose is heated to 170°, the elements 
of a molecule of water aro eliminated, dextro- 
san (glycosan) C a H l0 O 6 being produced. If 
the temperature is increased, that body is cara- 
melised and charred. Dcxtrosan is again ‘con- 
verted int© dextrose by digestion with water or 
dilute acids. It is a hygroscopic, dextro-rotatory, 
non -fermentable substance. If the temperature 
, is raised to 200°, and maintained at that point 
for a little time, gas, water, and volatile acids 
are given off, and if the heating is continued 
without being increased until theee # products 
cease to be evolved, the brownish-black residue 
(caramelised mass) becomes gradually solid. 


This substance is Boluble in wator, completely 
if the temperature waB not too high, and con- 
stitutes the colouring matter used in wine, 
beer, cookery, &c. Should the heat be further 
continued so that tho body is destructively dis- 
tilled, carbon mon- and. di-oxide, and methane 
are evolved, aldehyde, furfuraldfsliyde, acetone, 
propionic, acetic, and formic acids, furano and 
furfurol distil over, and a black carbonaceous 
mass is left. V. Caramel. 

The action of alkalis and of«acids on dextrose 
has been discussed elsewhcro. When reduced 
by sodium amalgam, the mam product (35-40 
p.o.) is sorbitol ; some quantity of mannitol is 
also formed in alkaline, but not in neutral or 
acid solution. It is derived from the mannoBO 
produced by the action of alkali on* dextroso. 

Oxygen has no action on dextroso in neutral 
or acid solutions, but alkalino solutions absorb 
the gas. Ozone oxidises it to formic acid, 
saccharic acid, &e., being produced. Strong 
nitric acid conveits dextrose into saccharic acid, 
and finally into oxalic, carbonic, and formic 
acids. Treated with ehlonno or bromino in .tho 
presence of water, the resulting product yields 
gluconic acul when submitted to the action of 
silver oxide. 

Dextrose in alkaline solutions reduces the 
oxides of gold, platinum, silver, mercury, bis- 
muth, lead, copper, iron, manganese, &e. ; in 
tho ease of gold, platinum, silver, and moieury, 
tho reduction is complete, tho metal being 
formed ; in the other eases lower oxides are 
pmxlueod. Fen ocyanido of potassium, indigo, 
picric acid, litmus, and such substances arc also 
reduced by dextrose in alkalino solution. The 
products from the dextrose arc not the same in 
all cases, but they consist chiefly of carbonic, 
formic, oxalic, and glycollio acids, other products 
being also formed^ 

Nearly all tile truo yeasts ( Saccharomyccn 
me m bra rue facie ilk is an exception), a great 
number of toruUe, moulds, and other organisms 
ferment dextrose, yielding carbon dioxid^ and 
alcohol as the chief products. Glycerol, succinic 
acid, and other bodies (fusel oil) are formed at 
the same time, the proportions of those bodies 
varying materially with tho organisms and tho 
conditions under which tho growth takes place. 
The work of Fhrlioh suggests that most of these 
by-products aro derived from amino-acids, 
produced from the yeast and not from dextros^ 
(t>. Fermentation). 

Pressed yoast-juico, zymase, which contains 
no living protoplasm, also ferments dextrose. 

In the presence of growing bacteria of various 
species, dextroso yiolds many products, one 
spocies conveits it into lactic acid, another into 
butyric acid, another into cellulose, tho so-called 
slimy fermentation, and so on. Other organisms 
oxidise dextroso (v. Fermentation ). 

Dextroso combines with sodium chloride, 
bromide, and iodide, forming well-defined 
crystalline compounds ; theso decompose in 
aqueous solution. Compounds with bases are 
indefinite in character, and unstable. Sodium 
and potassium dextrosate C„H n MO« are 
obtained on adding sodium or potassium etnoxide 
to an alcoholic solution, of dextrose. Sey®al 
calciumdextrosat^s • are described containing 
varying proportions ’of dextrose, lime, ana 
water. Dextrose is not precipitated with lead 
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acetate, but basic lead salts are obtained in 
presence of ammonia. 

The methylglucosides. These are of import- 
ance, as types both of glueosides generally, and 
of the two isomeric series of .dextrose deriva- 
tives. They are regarded as storooisomeru: 
7-oxides, and ‘have the following structural 
formula* : — 


011,0— Cl 1 

HOOil \* 

I 0 
HOC 1 1 

HC 

I 

11C0H 

I 

CHjOH 

a-Metliylglurosnio 


HO— OCH s 
11C0H 

I o 
noon / 

HO 

I 

HCOH 

i 

oiijOH 

p-Mctliylgluinsidc 


a-Mcthylgluooside crystallises m long needles, 
m.p. 105° L a |jj+ l. r >7° ; /8-niethylglucoside forms 
rectangular prisms, m p. 104° L«] D — 33°. 

They are hydrolysed by warm mineral acids 
to methyl alcohol and dextroso, the jB-isomeride 
being attacked 1 *8 times as rapidly as the 
a-isomcnde. Each glucoside requires its own 
particular enzyme to hydrolyse it. o-Methyl- 
glucoside is hydrolysed by maltast* alone ; 
/3-mothylglucosido only by cmulsin. They are 
used as tost materials in studying enzyme 
action. 

Tko isomerides are both formed when 
dextrose is heated with methyl alcohol containing 
hydrogen chloride. 

To obtain a-methylglucosido, 1 part of 
dextrose is heated with 4 parts methyl alcohol 
containing 0*25 p.c. hydrogen chloride, for f>() 
hours in an autoclave. The* solution deposits 
crystals of the glucoside on evaporation, and 
the mother liquors, after further heating, give 
a second and third crystallisation, as the /+ 
lsomofide present is converted into the a- by 
the acid. A yield of 80 p.c. or moro is obtained. 

To obtam /9-mothylglucosido, solid anhydrous 
glucose is dissolved in methyl alcohol, nearly 
saturated with dry hydrogen chloride, at room 
temperature. As soon as etherification is 
complete, as witnessed by the absence of reducing 
power, the solution is neutralised and evaporated, 
apd a mixture of a- and £- isomerides obtained 
in about equal quantities. The o- is partly 
separated by crystallisation from strong alcohol. 
The residue is dissolved in water, and fermented 
by a pure culture yeast. The a-methylglucoside 
is hydrolysed, and the dextrose fermented ; the 
jS-methylglucoside remains untouched, and is 
recovered and purified. 

In addition to the crystalline a- and /3- 
umethylglucosides obtained in the reaction 
between a-glucose and methyl alcohol containing 
1 p.c. HC1, a considerable amount of Byrup is 
formed which after distillation in a vacuum 
is an oil, C 7 Hi 4 0 8 , b.p. 200 o -2]5°/0*2 mm., 
[a] D —4°. It is named 7-methylglucoside to 
* differentiate it from the a- and /3-fofms (E. 
Fisoher, Ber. 1914, 47, 1980). 

it is stable to alkalis, ^Fehling’s solution 
or "hot water, scarcely attacked by emulsin or 
by yeast extract at 37° C., but is hydrolysed to 


glucose and. methyl aloohol by dilute acetic* 
acid at 100°, or by dilute hydrochloric acid at 
100° or 18°. 

The other carbohydrates form analogous 
methylglucosides, and similar compounds are 
obtained with ethyl aloohol. (For other artificial 
glueosides, v. Gnueosimss). 

The methyl derivatives of the sugars have 
proved of great importance in the elucidation 
of their structure. Purdic and Irvine’s method 
of melliylation is employed, consisting in dissolv- 
ing the sugar in methyl lodulo and a little acetone 
and boiling the mixture with silver oxide. By 
protecting some of the hydroxyl groups from 
melliylation those remaining may be methylated 
and the configuration thus established. 

A very large number of dextrose compounds 
have been prepared, in some of which the 
aldehydie hydroxyl is concerned, whilst others, 
e.fj. the acetates, involve all live hydroxyls. As 
already stated, in most caseB two isomerules 
derived from a- and /8-dextrose have been pre- 
pared. Few of these compounds are really 
characteuslie of dextrose, and it must sullice 
in the space at disposal to indicate the properties 
of Borno of them in tabular form. 

Compound 
Peal unitrato 
a-Pentaeetate 


/3-Fentacotute 

a-Acetockloiodcx- 

troso 

/9-Ace tochlort (dex- 
trose 

a-Acetobromodex- 

trose 

p-Aeetobromodex- 

trose 

a-Acetohltrodex- 

trose 

p-Acetonltrodex- 

trose 

Peutabeuzoate 
Monomethyl-a- 
, dextrose 
i Monomctliyl-p- 
1 dextrose 
a/3-l)imcthyl-tt- 
dextroHe 
ap-DImethyl-p- 
dextroso 
Trlmethyldex- 
troses 

Tctramethyl-u- 

dextrose 

Totramothyl-p- 

dextroso 

Pentamethyldex- 

trose 

Dextroseethyl- 
! mercaptal 
' a-cldoralose 

p-chloralose 
Dextrose diaceton. 
Dextrose ureide . 

1 Semlcarbazone 
Thlosemlcarbazoi 
Anilide 
Oxime 

a-Phenylhy da- 
zone 

p-Phenylhyda- 

zone 

p-Bromophenyl- 

hydrazone 

Metnylphenylhy- 

drazone 

a-Amylpherfylhy- 
drazone e 
a-Allylphenylhy- 
drazone 


Appearance 

M.p 

Mh 

amorphous 

— 

+ 98" 

eolouiless 

U2"-113° 

4 100° 

needles 



granule 

134" 

+ 3° 

crystals 



long needles 

03 MU 


stellate aggie- . 

73 L -74 n 

+ 105° 

.gules 



prisms 

79 0 -8U° 


lustrous noodles 

88“-89° 

+ 198° 

needles . 

92° 

+ P5° 

lustrous rhombic 150°-151° 

+ 149° 

prisms 



. needles . 

170° 



101° 

+ 108 c 


135 

+ 24° 


85°-87° 

+ 82° 


ll)8“~110° 

1-0" 

syrup 


+ 79° 

syrup . 


-8° 


81° 

+ 101° 


81° 

+ 78° 

stellate cry ttals *42°-43° 

—7° 

colourless matted 127°-128° 


needleB 



, bunches of 

186° 


needles 



. fatty plates 

230° 


ie needles . 

107M09 3 


. rhombic plates 

207° 


and needles 



. needles . 

175° 


le rhombic plates 

204° 


. needles . 

147° 


. needles . 

137° 


needles . 

159-160° 

-70° 

needles . 

140-141° 

-6° 


164-166 


colourless plates 180° 


light brown 

128° 


needles 



light yellow 

155° 


. .needles 
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, Compound Appearance M.p. 
a-Benzylplftnylhy- light yellow 165* 
drazone needles 

Diphenylliydra- colourless 161° 

zone oblique prisms 

/MJfaphihylhydra- brown needles . 95° 
zone 

Phenylosazone . aggregates of 200° 
yellow needles 

p-Bromophenyl- yellow needles . 222° 
osazone 

Nitrophen^losa- reddish needles 257° 
zone 

Dextrose-o-dlaml- colourless — 

nobonzene lustrous 

needles 

, Didextrose-o-dla- slender colour- — 
rnlnobenzene less needles 

Dextrose*y-diaml- lustrous silver 243 n 
nobenzoic noid plates . 

Sinc<^ acetobromoglucosc is the starting- 
point for many other glucose derivatives its 
preparation is given in detail. 200 grams 
powdered crystalline anhydrous glucose are 
heated on the water- bath with 100 grams of 
alcoholic sodium acetate and 1 litre of acetic 
any hd ride for l l\ hours. The product is poured 
into 4 litres of ice water, and the crudo j3-penta- 
acotylghicoso is recrystallised from 90 p o. 
alcohol after freeing it from acetic anhydride 
by water (yield 74 p.o.). 

150 grams of the ponta-acetate are treated 
with the commercial solution of hydrobromic 
acid in glacial acetic acid (300 grams) for 2 hours 
at ordinary temperatures, 000 o.e. chloroform 
added and the wholo poured into 2 litres of ice 
water. The chloroform layer is separated, and 
the rest shaken with 150 c.c. chloroform; the 
united chloroform extracts 'are washed with 
1 litro of water, dried over calcium chloride, 
concentrated in a vacuum, and tho residue 
gradually treatod with light petroleum.. The 
resulting crystals are rapidly rccrystallised from 
75 c.c. amyl alcohol, washed with light petro- 
leum and stored in a vacuum desiccator over 
soda-lime. (See E. Fischer, Bor. 1910, 49, 584.) 

The reduction of acetobromoglucose with 
zinc-dust and acetic acid yields tho acetyl deriva- 
tive of glucal, 


CH a (OH)*CH’CH a *CH(OH)*C=CH(OH) 

I o — ! 


a soluble viscid syrup, b.p. 170°-180°/0 , 2 mm. 
Glucal can be further roduced by hydrogen and 
palladium to hydroghical, 

CH 2 (OH)*CH*CH a *CH(OH)*CH*CH 2 (()H) 

I o — ! 

which melts at 86°-87°, tastes slightly sweet, and 

h* 8 [a] D +16°. 

d-Glucosamine (Chitosamine) or amino- 
dextrose has the formula 


OH 8 (OH)-[CH(OH)] s -CHNH a ‘CHO 
It is obtained by boiling the shells of lobsters, 
particularly the claws, with concentrated hydro- 
chlcirio acid, when the hydroohloride results. 
The shells 'of lobsters consist of oarbonate of 
lime and ohitin, Chitin is a constituent of 
various invertebrate skeletal structures, and of 
the cell* walls of fungi ; it iB considered by 
Irvine to contain aoetylamino-dextrose and 
amino-dextrose residues in the proportion of 
3 to 1 (O, 0 H 50 O l9 N 4 )n. It is prepared from 
the hydrochloride by decomposing it with 
VOL. II. — T. • ' 


diethylamine (Breuer, Bet. 1898, 31, 2193) or 
sodium methoxide (Lobry de Bruyn, ibid. 1898, 
31, 2476), Fischer and Louchs (Ber. 1903, 36, 
24) effected the synthesis by the combination of 
rl-arabinose and ammonium cyanide to d-gluco- 
saminic acid, the’ lactose of which waa reduced 
to r/-ghjeosamine. G lucosamine* forms a colour- 
less crystalline powder, or long needles ; m.p. 
115° [aljj+48 0 . The aqueous solution reacts 
alkaline, but is stable. It is not fermentable. 
The pentacotate exists in tvw> forms, needleB, 
m.p. 183*5° and 133° respectively ; the former is 
optically inactive, the latter has [aJp+86’5 0 . 
The oxime forms prisms, m.p. 127°. Two 
modifications of the hydrochloride are known : 
glistening monoclinic crystals {a]^-f 100°, 
falling to +72*6° on standing, and hexagonal 
noodles [a] 2 ^ constant at 72*5°. 


It cannot be converted into dextrose 
diroctly, though it gives dextrose phenylosazone 
when heated with phonylhydrnzine. Irvino and 
Hynd (Chem. Soc. Trans. 1912, 101, 1128) have 
converted it into aminomethyl glucoaide, and 
this by the action of baryta into mothylglucoside 
and ultimately to d-glucose. When methyl- 
glucosamino is treated with sodium nitrite a 
mannose derivative is obtainod almost quantita- 
tively. Probably a Walden inversion takes 
place (see Chem. Soc. Trans. 1914, 105, 698). By 
the action of nitrous acid, a compound, C a H, 0 O 5 , 
is formod, which was at one time regarded as a 
carbohydrato, and termed chitose, but was 
shown by Fischer and Andreao (Ber. 36, 2587) to 
bo a hydrated furfurane derivative 

CH(OII)*CH(OHO) ^ 

J > 

CH(OH)*CH(CH s OH)^ 


Chitose forms ifti oxime and phenylhydrazone 
and is oxidised by bromine to ohitonio acid. 
Glucosamine was formerly regarded as a deriva- 
tive of chitoso, and termed chitosamine. 

An i8omcride of glucosamino is tsoglucosa- 
mino CIL(OH)-rCH*(OH)] 8 *CO*CH 8 *NH i , which 
Fischer obtainod by reducing phenylglucosazone 
with zinc-dust, and which is converted by the 
action of nitrous acid into ltevulose. 

The glucosiminos were formerly believed to 
be imino compounds, but Irvine, Thomson and 
Garrett (Chom. Soc. Trans. 1913, 103, 238) 
suggest that they are amino-glucosides. Levetje 
(J. Biol. Chem. 1916, 24, 59) shows that the 
nitrogen content of glucosimine, galaotosimine, 
xylosimine, and lyxosimine as given by (i) 
Kjeldahl’s method, and (ii) by van Slyke's 
nitrous acid method indicates the presence of a 
primary amino group. 

Chondrosamine (Levene, J. Biol. Chem. 1916, 
26, 143) gives galactosazone, and iB therefore 
probably a lyxonexosamine. 

By condensing bromotriacetylglucosamine 
with hydroxy compoimds in tho presenoe of a 
base such as morphine, aoetylated amino 
glucosides are obtained. The oorilpounds formed 
are of two typfes : stable N-oyoLo compounds and 
normal glucosides, such as a-aminonelicin and 
a-aminosalicin (Irvine and Hynd,, Chem. Soo. 
Trans. 1913, 103, 4J) ; "... 

A new glucosamine derivative, lyooperdin 
C lS H at 0 8 N a , has been isolated from the fungus 
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Lycoperdum gemmatum (Kotakc and Sera, 
Zeitsch. physiol. Chem. 1913, 88, 56). 

Manufacture of commercial dextrose— i.e. 
dextro -glucose, glucose, saccharum , • saccharine , 
&c. — Those products, varying much in character 
and composition, are all prepared by the action 
of acids on stafrch or starchy substances, such 
as rice, maize, &c., and whon these latter are the 
raw material, it has been proposed to employ the 
combined action of diastase and acids. When 
starch is acted upon by dilute acids, it is dis- 
solved, dextrins and maltose being produced. 
These bodies, by the further action of the acid, 
yield dextrose ; this itself does not resist the 
action of acids, so that during the process of 
conversion, a portion of it is attacked, with the 
production 'of substances imperfectly studied 
(v. I.somaltose). 

The phases of the action of dilute acids on 
starch are oasily followed. After heating has 
been continued for a short time, a portion of the 
solution cooled ceases to give a blue colouration 
with iodine ; this indicates absonce of starch ; in 
the place of this a roddisb -brown colouration iR 
produced, this indicates the presence of a-dox- 
trin. After a time this disappears, and at longtli 
the solution ceases to givo a precipitate, when to i 
a portion ot it twice its bulk of alcohol (sp gr 
0*820) is added, or wlion to a portion from which 
the sulphuric acid has been separated by baryta- 
ammoniaeal load acetate is added. Tins estab- 
lishes the absence, not of maltose, but only of 


Tho operations involved in the manufacture* 
whatever converter is used, are as follows : 
Half the sulphuric acid is mixed with half the 
water in a separate vat constructed as the con- 
verter, with or without coil, and at such a 
temporaturo that the heat of the dilute acid 
; will be less than the gelatinising point of the 
■ starch of the material employed. This vat is 
furnished with stirring gear, and placed under a 
hopper, in which is stored the starch or starchy 
substance. When the dilute acid is at the right 
temperature, the material is allowed to flow into 
it, the stirring gear being kept in motion ; a 
milk of starch in dilute acid is thus obtained. 
Meanwhile the remaining half of the acid and 
water are introduced into the converter, and 
heated to boiling, then the starch milk is run' 
m at such a rate that the temperature* lines not 
fall far below boiling, and tho introduction should 
bo offected as rapidly as possible. 

Tho time required for conversion deponds on 
the rate of introduction of the starch milk, and 
on the pressure employed, &c. For corn 
syrup an average time from the commencement 
of the starch introduction to tho discharge is 
a little over an hour, for solid sugar about II 
hours is required. When converted, the liquid 
is blown into the neutralising vats. 

(b) Thi neutralisation. — Ffnely-ground chalk 
is used to neutralise tho acid employed in the 
conversion. The chalk is converted into a milk 
with water, and gradually introduced into the 


dextrin. For syrup the boiling is stopped as 
soon as the iodine test givos a port-wine colour ; 
for solid dextrose it is continued till alcohol 
causes no procipitato. Tho processes involve 
in the manufacture may be conveniently 
arranged as follows : — 

(a) Tho conversion. 

(b) The neutralisation. 

(c) Tho filtration. 

(d) The deoolourisation. 

( ) The concentration. 

( / ) The purification. 

(a) The conversion. — In this country the 
materials ohiefly employed in the manufacture 
of commercial dextrose are sago, maize, and rice 
starch, finely ground rice itself, as well as granu- 
lated maize and rioe boing at times used. Potato 
starch is also used in Germany. In America 
green-maize starch is the chief material ; hence 
the term ‘ oorn sugar.’ The acid usually em- 
ployed in Europe is sulphuric ; hydrochloric acid 
is generally used in America ; and nitric acid as 
well as a mixture of nitric and sulphuric acids 
have been recommended. Tho use of sulphurous 
and orthophosphorio acids has also been 
advooated. The proportions of material, water, 
and acid generally employed in the case of 
sulphurio aoid are 100 : 250 : 5, and when green 
staroh, i.e. undried purified starch, is used, 1£ 
parts are taken instead of 1 part dry starch. 
When pressure converters are used, the acid can 
be reduced to 0;5 p.c. 

Formerly open oonverters made of wood, 
lined with lead and provided with steam coils 
of lead and stirring gear, were used, but these 
are now abandoned nearly everywhere for closed 
converters. These are made of oast iron, 
copper, or gun metal, and are worked at a 
pressure of 30 lbs. of steam. 


converted liquid. About 12 lbs. of powdered 
chalk arc taken for overy 10 lbs. sulphuric acid 
employed ; this is more than the theoretical 
quantity, but it is found to answer in practice, 
owing, no doubt, to tbe insolubility of a portion 
of the chalk. The neutralised liquid is kept 
stirred for some* time, and is then allowed to 
rest. It is found host to allow it to cool and 
settle gradually, and then draw off the clear 
portion ; but where vat room is a consideration, 
the neutralised liquid is run immediately to the 
filter presses (r. Filtration). 

(c) (tf) The clear filtered solution is passed 
through bone-char filters of the same construction 
as those described undor Sugar. Sulphurous 
acid is sometimes used in bleaching the product. 

(e) Concentration .— This operation is effected 
in vacuum pans (r. Sugar), and is considered 
complete when the syrup contains about 82 p.c. 
solid matter, i.e. reaches a sp.gr. of 1*50. It is 
then run into moulds, usually cone-shaped 
vessels, in which, on standing and cooling, it 
solidifies after a short time. This is hastened 
by the introduction of some previously solidified 
sugar. The solidified mass extracted from the 
mould by a short immersion in hot water is 
broken into irregular lumps, in which form it 
appears in the markot. The colour of the com- 
mercial parcels varies from pure white to dark- 
brown ; this depends on the character of the 
material employed (the purity and variety of 
the starch), on the mode of conversion, and 
the extent to which tho deoolourisation was 
carried. The composition is also very ’’variable, 
but the constituents in all are the same, viz, 
dextrose, maltoso, dextrin, unfermen tabid organic 
bodies, and ash. Very few samples ‘contain 
dextrin, some few maltose, ^and HheTpiopor- 
tion of uiifermentable bodies varies very much, 
being sometimes as high as 15 p.c. The syrups, 
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which arc ilsed in confectionery, contain a large 
percentage of dextrin and maltose. 

In the United States the conversion is carried 
out by stirring the green corn starch, made in 
the same factory, with a large body of water, 
and subjecting this mixture to a high heat 
under pressure, the process being a hydrolytic 
one. A small amount of pure hydrochloric acid 
is added to facilitate the catalytic action. The 
conversion is performed in largo vessels 0 feet 
in diameter, and about 20 feet high, made of 
hammered copper 1 inch m thickness. 

After the required conversion, tlio traces of 
acid aro neutralised with soda ash, the mixturo 
being left very slightly acid to litmus, and execs# 
of alkali being very carefully avoided, as the 
least traie colours the liquid. In the caso of 
glucose syrup, conversion is complete in less 
than 10 minutes ; conversion into anhydrous 
dextrose takes considerably longer. The con- 
verted starch, now an almost white liquor, is run 
from the neutralisers through filter presses, to 
remove the dissolved gluten, &c., which is 
precipitated during neutralising, and then 
through an evaporator, which reduces the 
gravity to 30° B. It is then run successively 
over three bone-char filters, each 10 feet in 
diameter and 24 feet high, and containing 
70,000 lbs. of bone-char each. The liquors 
receivo a much greater amount of bone-char 
treat-mont than is the custom in sugar refineries, 
passing, in all, over 72 feet. The remaining 
traces of acid aro completely neutralised, and 
the liquid has a brilliant crystal-white appear- 
ance. The bono-ohar is revivified after each 
bath. The liquor is concentrated fr vacuum 
pans to the required density 42 0 -4ef B., and 
crystallises on cooling. (A full account of the 
American industry of corn products is given by 
Wagner (J. Soe ('hem Ind. 1009, 28, 343).) j 

The average composition of these products, i 
according to the older analyses, is as follows : — 


— 

Cora 

syrup 

7 0 sugar 

89 sngai 

An- 

hydrous 

sugar 


Po. 

P c 

P.c. 

Pc. 

Water 

19*0 

19*7 

11*2' 

4’0 

Dextrose . 

38*5 

70*2 

79*9] 

94 0 

Dextrin . 

42*0 

9*3 

[8*0 

0*7 

Ash . 

0*5 

| 0*8 

1 

0*9 

07 


Tho ash consists principally of chlorides. 
Wesener and Teller (J. Ind. Eng. Chem. 1916, 8, 
1009) give the following analysis as representing 
the modern product : — 

Water . . . 15-20 p.c. 

Proteins . . . about 0'06 p.o. 

Mmeral matter . . Traces. 

Glucose . . . 12-17 p.c. 

Maltose . . . 16-23 p.o. 

and Deitrin (or dextrins) not fermented by 
yeast, but made fermentable by pan- 
creatin, takadiastase, &c. 

From which it appears that the proportion 
of maltose present generally exoeeds that of 
dextrose. In the older analyses all the Reducing 
sugar was regarded as dextrose. 

(/) Purification. — Behr (Eng. • Pat. 9797, 


1884 ; 1767, 1885) manufactures pure com- 
mercial crystalline anhydrous dextrose by adding 
crystals if? dextrose to a solution concentrated 
to 85 p.c.' and allowing the mixture to stand at 
about 35°. After a short time an abundant 
crop of crystals Beparatek, and by treatment in a 
centrifugal machine, tho uncrystallised syrup is 
removed ( v . Sugar). 

In the older process of Soxhlot, the concen- 
trated syrup was dissolved in about an equal 
weight of boiling methyl alcohbl, and allowed to 
stand. The crystals were drained, and the 
loaves washed with methyl alcohol, which was 
recovered from the loaveB and mother liquors by 
distillation m a vacuum. 

Dextrose from Cellulose . — Cellulose is disinte- 
grated by boiling with acids only with great 
difficulty, and at lugh temperatures, with the 
formation of dextrose, and the process cannot 
compete industrially with the preparation from 
starch. Numerous attempts have been made 
to obtain dextrose Irom wood cellulose, with 
the industrial objective of tho manufacture of 
alcohol. 

Simonsen (Zoitsch. angew. Chem. 1898, 195, 
219, 962, 1007) found the most favourable 
conditions for the conversion of 40 grams of 
cellulose to be a digestion for 2 hours at 6-8 
atmospheres, with 1000 c.c. of 0*5 p.c. sulphurio 
acid. 45 p.c. of reducing sugar was obtained, 
but, according to Kornor (ibid. 1908, 2353), this 
is not all fermentable dextrose. 

Ekstrom (Fr. Pat. 380358, July 29, 1907) 
treats sawdust with 95 p.c. sulphuric acid at the 
ordinary temperature for 20 minutes, ddutes to 
1 p.c. free acid, and heats from 1 to 5 hours under 
a pressure of 3-8 atmospheres ; 55-57 p.c, con- 
version is claimed. 

Ewen and Tomlinson (U.S. Pat. 938308, 
Oct. 26, 1909) heatisawdust with a minimum of 
5 p.c. acid to a temperature between 135° and 
162°. The use of 2-6 p.e. hydrofluoric acid 
has also been suggested (Orlowski, Fr. Pat. 
405187, July 17, 1909). 

d-Mannose C e H 12 0 # occurs in nature in the 
form of anhydride-liko condensation products, 
known as mannosana. It is best prepared from 
the vegetable ivory nut (steinnuss) wfiich is used 
in Berlin and elsewhere for the manufacture of 
buttons and collar studs. The waste turnings 
are hydrolysed to mannose by boiling for 6 hours 
with 2 parts of hydrochloric acid. It was origin- 
ally obtained by Fischor and Hirschberger by 
oxidising mannitol with nitric acid. Mannose is 
characterised by forming an insoluble yellow 
phenylhydrazone, m.p. 186° -188°, and use is 
made of this oompound in isolating it from 
solution. The hydrazone is subsequently decom- 
posed with benzaldehyde, or better, formalde- 
hyde, and the resulting solution concentrated 
in vacud till the sugar crystallises. It may even 
be isolated in the solid form without the inter- 
mediate formation of # the phenyl hydrazone 
(Hudson and Sawyer, J. Amer. Chem. Soo. 1917, 
39, 470). 

Mannose separates in oolourless rhombio 
crystals [a : b: c=0'3l9 : 1 : 0*826] of sweet 
taste, m.p. 132°; sp.gr. 1*5^9. 100 c.c. of the 
saturated aqueous goluticto at 17*6° oontain 
24*8 grams ; in absolute alcohol it is almost 
insoluble. It shows muta-rotation, the equi- 
libria^ value being [a]+14*5°. The a-form has 
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[a] +34*0°, and the /3-form [a] D — 17*0° (Hudson 
and Dale, J. Amer. Chem. Soc. 1917, 39, 320). 

It is very similar to dextrose in all its proper- 
ties, yielding the same phenylosazone. It is 
fermented. by all yeasty which attack dextrose 
and lflovulose. Bromine oxidises it to mannonic 
acid ; sodium amalgam reduces it to mannitol. 

a-Methyl mannoside had m.p. 190°, 

The oxime crystallises in colourless needles, 
m.p. 167° -180°. Like the phenylhydrazone, the 
substituted hydrazones are all sparingly soluble. 

Carou binose, a carbohydrate isolated from 
the seeds of the oarob bean, is identical with 
mannose. 

d -Galactose C a H ia O, Milk sugar, when 
hydrolysed by means of acids or enzymes, 
yields dextrose and galactose in equal propor- 
tions. On a commercial scale, sulphuric acid is 
used to effect hydrolysis under pressure at 
105° , after which the solution is neutralised and 
concentrated until an amount which contained 
500 grams of milk sugar weighs (140 grams. The 
syrup is set aside with a few crystals of galactose, 
and, after some days, the crystalline mass is 
washed with 80 p.c. alcohol, and the galactose 
purified by recrystallisation from aqueous 
alcohol. Even the very best commercial galac- 
tose contains minute quantities of dextrose ; 
to remove this it must be treated with a pure 
culture of some yeast, such as 8. Ludwujn, 
which feiments dextroso, but not galactose. 

Galactose is a constituent of raffinose and 
stachyose, and is widely distributed in the poly- 
meric form, galactan, particularly in gums and 
seaweeds. It occurs in a few glucosides. It is 
a colourless crystalline powder, + lII a O, m.p. 
118°- 120° (from water), anhydrous m.p. 105 
(from alcohol), less soluble than dextrose, and 
has the samo general projfbrties as dextrose. 
The most characteristic behaviour is tho 
formation of mucic acid on oxidation with 
nitric acid. 

Galactose exhibits muta-rotation ; the a- 
isomeride has ra]®°+144°, the ^-modification 
+52°. The equilibrium value is [a] 2 ^+80-5°. 
The influence of concentration and temperature 
on this value is expressed by the equation 
[a] D -83-883+0 -0785p - 0 -209* 

.where p and t denote concentration and tem- 
perature respectively. 

Galactoso derivatives are prepared similarly 
to the corresponding dextrose compounds. The 
a-pentanitrato (Will and Lenze, Ber. 31, 68) 
forms needles, m.p. 115° -116° ; the /3-isomeride 
has m.p. 72° -73° ; the /8-pentacetate has 
m.p. 142° ; a-methylgalactoside has m.p. 
111°-112°, [a] 20 +179*3°, and crystallises in 
transparent doubly refractive needles ; tho 
/3-isomeride forms needles, mp. 173°-176°, 
[ a ]2Oq_2-0° j the phenylhydrazone has m.p. 
158°, the phenylosazone when quickly heated 
melts at 193° -194°. ‘ . 14J . 

Galactose penta-acetate has been isolated in 
four forms : — 

(i) m.p. 142°, [a] D +26° (in^loroform), +8° (in 

(ii) m.p^SrS 0 Ja] D + 1°7° (in chloroform) : 


(iii) m.p. 98*, [a] D -42° (in chloroform) ; 

(iv) m.p. 87°, fa] D +61°. 

(Hudson and Parker, J. Amer. Chem. Soo. 1915, 

37; 1589, 1591 ; Hudson and Johnson, ibid. 
1916, 38, 1223). 

Some yeasts ferment galactose, but not all 
those which ferment dextrose and laevulose. It 
is apparently possible to grow a yeast in presence 
of galactose and dextroso, until it acquires the 
power of fermenting galactose. Galactose is 
identical with the sugar cerebose, isolated from 
the brain by Thudichum, where it is a constituent 
of the cereborsides, pbrenosin and kerasin. 

* Laevulose or (Mfructose C # H, a 0 6 is a keto- 
liexose or ketoso sugar. Jt is found together 
with dextrose in honey and in many frtrits, and, 
combined with dextrose, it occurs in sucrose, 
raffinose, Btacliyose, &c. Inulin, found in 
dahlia tubers is completely converted into 
fructose on hydrolysis. It has not so far 
been produced by the hydrolysis of any glu- 
cosido. 

It is termed d-fructose, in spite of the la>vo- 
rotation, to indicate that it belongs to the 
d-mannitol series 

After prolonged heating at 165° -170°, cane 
sugar becomes converted into a mixture of 
lsevulosan (C # HjoG b ) and dextrose, without 
change of weight. On fermenting tho aqueous 
solution of tho mass with yeast, tho dextrose is 
decomposed, while the lamilosan remains un- 
changed, and may afterwards be converted into 
laevulose by treatment with dilute acids. 

Preparation . — It is best prepart'd from inulin. 

I 100 grama .of inulin with 1 p.c. ash arc heated 
with 250 e.c. water and 0-5 gram hydrochloric 
acid for half an hour in a boiling water-bath, 
neutralised with 1-5 grams sodium carbonate 
evaporated on the water-bath at 60° , and finally 
over sulphuric acid in vaeud to a thick Syrup. 
This is extracted with absolute alcohol, put aside 
for 24 hours, the solution poured off clear, and 
inoculated. Complete crystallisation of the 
la'vulose is obtained m 3 days, and it is quite 
pure after one more crystallisation. 

Inulin may also bo hydrolysod with 0 5 
vol. p.c. oxalic acid. 

(For the preparation from Jerusalem arti- 
chokes, see U.8. Pat. 789422, Feb. 18, 1908.) 

To obtain laevulose from sucroso, the latter is 
first inverted by means of mineral acids or inver- 
taso, and tho acid removed by neutralisation 
with baryta or silver oxide. The invert sugar 
resulting contains both dextrose and IupvuIoso, 
which may be separated as follows : 6 grams of 
finely powdered slaked lime is added to every 
100 c.c. of a neutral ice-cold 10 p.c. solution of 
invert sugar, and the solution, which at first 
sight is merely milky, is agitated, the vessel 
being preferably immersed in ice-cold water until 
it acquires a creamy consistency. The mass, 
which consists of the difficultly soluble calcium 
luevulosate Ca0-G 6 H ia 0 6 -H a 0, together with the 
easily soluble calcium dextrosate, is filtered 
through linen, and strongly pressed to remove 
the greater part of the liquid, and is suspended 
in water and decomposed by addition of oxalic 
acid or by passage of oarbonio acid gas. The 
filtered solution is evaporated in vacud over 
sulphuric acid, with production of anhydrous 
laevulose. Calcium laevuloeate dissolves in 137 
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'parts of water at 15°, and is almest insoluble 
at 0°. 

Lrovulose, when pure, crystallises from 
alcohol, and even from aqueous solution, in 
needles, also in crusts of transparent prisms, 
which are not hygroscopic. It has m.p. 
95°, D 176 1*669. It sublimes unchanged but 
very slowly at 100°/l-2 mm. (Ghosh, 5 . 0. S. 
Abstr. 1917, 112, (i.) 80). It is very soluble in 
water, almost insoluble in cold absolute alcohol. 
It is mucli sweeter than dextrose, and sompwhat 
sweeter than sucrose. It exhibits muta-rotation, 
and, no doubt, exists in solution as an equili- 
brated mixture of stereoisomeric 7-oxido forms, 
# The initial rotation [a]^ u —104° falls to 
(a|“° — §2° (Parkus and Tollens, Annalen, 257. 
160). Tko specific rotatory power is very con- 
siderably influenced by changes of temperature 
and concentration, winch cause an alteration in 
the proportions of the isomerides in the equili- 
brium mixture. The rotatory power usually 
taken is [n]^— 93*8°. It falls 0*6385° for 
each degree centigrade of increase in tempera- 
ture, and at 87*3° is equal but opposite to that 
of dextrose. This property is taken advantage 
of in determining its proportion in presence of 
other sugars, the rotation being observed at two 
different temperatures. 

According to Soxhlct, the relative reducing 
powers of la*vulose and dextrose on Fell ling's 
solution, m 1 p.c. solution, are 475 : 513 ; but 
Allilin finds that if the solutions be boiled for 
30 minutes (instead of for 2 minutes, as in 
Soxhlet’s experiments), their reducing powers 
are identical. On Knapp’s mercurial solution 
their action is the same, but on Saohsso’s mer- 
curial solution their actions arc 100 (lsevulosc) 
and 148*6 respectively. 

Oxidation converts lsevulosc into acids with 
fewer carbon atoms, glyeollic and tnhydroxy- 
butyric. On reduction with sodium amalgam, 
mannitol and sorbitol are formed. Acids attack 
it far more readily than dextrose with the pro- 
duction of laivulic and formic acids ; alkalis some- 
what less readily. Hoating concentrated solutions 
with oxalic acid forms 4-hydroxymethylfurfurol, 
whilst it interacts with hydrogen bromide in 
ethereal solution, forming 4-bromomethylfur- 
CH : C(CH 8 Brk 

furol I x O (Fenton and Gostling, 

CH : C(CHO) 

Chem. Soc. Trans. 1899, 75, 423 ; 1901, 79, 361). 

It is fermented by all yeasts wliioh attack 
dextrose. 

By the action of methyl alcohol and hydrogen 
chloride (0*5 p.c.) at 35°, a syrup is obtained 
which probably represents a mixture of methyl 
fructosides. It is partially hydrolysed by yeast 
extract. 

Fructoso diacetone C 12 H 20 O # , prepared in a 
similar manner from acetono, forms needles, 
m.p. 119° -120° [a] D — 161°. An isomeride has 
ra.p. 97° [«] u — 33*7°. 

Thq osazones of lsevuloso are identical with 
those of dextrose. Laevulose is more easily 
oxidised by disubstituted phenylhydrazines, and 
forms a characteristic osazone wi^i methyl- 
phenylhydrazine, long yellow neodles, m.p. 


To" prepare this, 4 grams of methylphenyl- 
hydrazine are added to 1*8 grams liovulose, in 
10 c.c. water, and enough alcohol to make* a 
clear solution further 2 c.c. of acetic acid are 
added, and the mixture heated f>— 10 minutes at 
most on the water- bath* It is tfyen covered and 
allowed to stand. Within 2 hours red crystals 
are obtained, which may be recrystallised 
from 10 p.c. alcohol. 

Fructose penta-acetatc melts, when pure, at 
108°-109°, has [«] o —121°, rind crystallises in 
brilliant colourless needles, 1 om. in length 
(Hudson and Brauns, J. Amer. Chem. Soc. 
1915, 37, 1283). 

Sorbose (Sorbinose) 0 4 H U 0 9 is the keto- 
hexoso obtained from the juice of the mountain- 
ash berries, which has been exposed to the air 
and allowed to ferment. The juico contains 
sorbitol ; this is oxidised by bacterium, xylinum 
to sorbose. 

The juices are evaporated to 1*05 sp.gr., 
allowed to stand some days till the sugar is 
fermented, and the clear liquid poured into flat 
dishes and inoculated with an active culture of 
B-xylinmn (Bertrand, Ann. Chim. Phys. 1904, 

( vui. ) 3, 181). This is left at 30° till the reduc- 
tion is a maximum, clarified with lead acetate, 
excess of load precipitated as sulphate, and the 
neutral filtrate concentrated in vacuG. When 
pure sorbitol is available, 100 grams are dis- 
solved in 500 c.c. water, some nutrient solution 
for the bacterium added, and the fermentation 
earned out as above. 

Sorbose forms rhombic crystals of a sweet 
taste, m.p. 154° ; it reduces Folding’s solution, 
and generally behaves as lievulose, but yields 
sorbitol on reduction. It is not fermentable by 
yeasts. It is lievo-rotatory, having [a] D — 42°. 

Sorbose phciylosazono is similar to the 
dextrose compound, but has m.p. 164° . 

The properties are in agreement with the 
structural formula : 

HO II OH 

(JH a OH*CO*C * (J * 0 * CH 2 0H 
H OH H 

Methyl sorbinosido crystallises in trans- 
parent thick plates, m.p. 120°-122° (Fischer, Ber. 
28, 1159). 

Hjbptosbs. 

d-Mannoketoheptose. Occurs in the Avocado 

pear (Perseu gratmima) (La Forge, J. Biol. 
Chem. 1917, 28, 511). It has m.p. 152°, 
29°. It is not fermented by yeast, and 
does not show mutarotation. It gives a colour 
reaction with orcinol and hydrochloric acid like 
other heptoses. The , p -bromopJienylhydrazone 
melts at 179°, the phenylosazone is identical* 
with that from d-mannoaldoheptose. 

On reduction the sugar yields d -persitol and 
d-mannoheptitol. * 

Since the p - bromophenylhydrazone of d-a- 
mannoaldohaptose melts at 207°-208°, and that 
of d-)S- mannoaldoheptose is an .oil, the con- 
figuration of the sugar must bo : — 

H ffi OH OH 

CH«(0H)*0 * C * C C * CO*CH a (OH) 

OH OH H H 
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Perseulon (l.c.) iB shown to be 1 -galaheptoee : — 
H OH OH H 

CHj(OH)-CO-C ■ C • C * C • CH a (OH) 

OH H H OH 

Sedoheptose. Occurs in Scdum spectabilc 
(La Forge and Hudson, J. Biol. Chem. 1917, 30, 
61) as a non-formentable, roducing syrup. 

Phenylosazone, m.p. 197° ; p-bromophenyl- 
hydrazone, m.p. 227°-228° ; the osone is a syrup, 
its o-phenylenediamine derivative melts at 
163°- 165°. ' I 

Bromine water does not oxidise the sugar, ; 
but it reduces with Bodium amalgam to two j 
alcohols C 7 H, e O, : — 

‘a-Sedoheptitol, m.p. 151°-152°, [al^-f 2‘25° ; ■ 

j8-Sedoheptitol, m.p. 127°- 128°, optically , 
inactive. 

The two alcohols are separable by their 
benzyiidene derivatives. 

These reactions indicate that the sugar is a 
Setose. 

Anhydrosedohcptosc C 7 H ia O # is formed when 1 
sedoheptose is heated with diluto acids. It 
forms long white prisms, melting at 155", 
[a]^— 146°. It shows no mutarotation, does 
not redueo Fehling’s solution, and, when boiled 
with dilute acid, gives an equilibrium mixture 1 
which contains 20 p.c. of sedoheptose. 

Pentoses C 6 H )0 O b . j 

These are widely distributed in plants, where 
they are present in the skeletal structure, and 
do not, like the hexoses, serve as food products. 
Pentoses also appear to be a constituent of 
many of the tissues of the animal body, and are 
sometimes found in urine. Both the natural 
pentoses, Z-arabinose and Z-xylose, belong to the 
laivo- series. Dextrose (dcxi’o-glueose), when 
degraded by the methods of Bull or Wohl, gives 
rise to tho isomeric d-arabmose However, the 
natural pentoses are closely related to the 
natural hexoses. For example, the space 
arrangement- of the groups attached to tho upper 
four carbon atoms is the same in d-glucose as 
it is in Z-xylose : 


CHO 

I 

HOCH 

I 

HCOH 

I 

HCOH 

I 

oh 2 oh 

rf-Arablnose. 

t A similar relationship exists between galae 
tose and arabinose, which occur together in 
many gums, whilst some polysaccharides yield 
both xylose and glucose* on hydrolysis. The 
pentoses do not occur as such, but in the form 
of condensation products of high molecular 
t weight, termed ‘ pentosans ’ (araban or xylan). 
These are comparable with the hexoso condensa- 
tion products, starch and cellulose ; as a rule, 
the pentosans contain both* and C„ carbo- 
hydrates. 

The mechanism of the formation of pentoses 


CHO 

CHO 

HCOH 

HCOH 

HOCH 

HOCH 

HCOH 

HCOH 

CHjjOH 

HCOH 


Z-Xylose, 


CH a OH 

d-Glucose. 


in the planters not yet clear. Some authorities 
consider they are derived by oxidation from the 
hexoses ; others advocate the view that they are 
directly formed in the cell, like tho hexoses, but 
independently of theso. Such a transformation 
as that from dextrose to Z-xylose has not been 
effected in the laboratory: the chemical degrada- 
tion of dextrose by oxidation leads to d-arabinose. 
The pentoses show all the general chemical 
properties of the hexoses. Biochemically, 
they are different, being not fermentable by 
yeasts, whilst their glucosulic derivatives (e.g. 
the methyl arabinosidos and xylosidcs) are not 
hydrolysed by any of the bottor-known plant 
enzymes. They are* attacked by a number of 
bacteria. Characteristic of the pentoses is the' 
formation of furfurol on distillation witfo hydro- 
chloric acid. They, therefore, show colour re- 
actions vvitlv orcmal and phloroglueinol. Equal 
parts of concentrated hydrochloric acid and 
water arc taken, together with the pentose and a 
little orcmol or phioroglucmol, and the mixture 
warmed m the water-batli. With orcmol the 
solution becomes red, then violet, and finally 
blue or blue-green, with the separation of a 
precipitate which dissolves in amyl alcohol, 
giving a blue-green solution ; tins shows an 
absorption band betweon (J and D. With 
phioroglucmol the solution becomes cherry-red, 
and a precipitate is formed, giving a red solution 
m ainyl alcohol, with an absorption band 
between D and E 

Z-Arabinose (’ 5 H 10 O t) is obtained by hydrolysis 
of most gums, particularly gum arabic and 
cherry gum. 

Preparation — A solution of gum arabic, or 
1 allied gum (dextro-rotatoiy, and yieldmg little 
, mueie acid by tho action of nitric acid, by prefer- 
ence), containing 30-40 graniH of the gum, and 
j 2 3 ( .c. sulphuric acid in 100 e.e., is boiled for 
, 7-12 minutes, cooled, the acid neutralised with 
j calcium or barium hydroxide or carbonate and 
I alcohol, sp.gr. 0*83 added as long as a precipitate 
is produced. This precipitate soon settles, leav- 
ing the alcoholic solution clear. On distilling off 
the alcohol and evaporating to a syrup, arabmoso 
crystallises out. The substance is obtained in 
woll-delincd rhombic prisms, with monoclinic 
termination, by reerystallising from water. 
With some gums tho digestion of the acid solu- 
tion can be continued for 2 hours with increased 
yield of arabinose, and without impairing the 
purity of tho product. The crystals are anhy- 
drous ; m.p. 160°, 

Arabinose has [a] D +104° to -fl05°, the 
activity increasing with the strength of tho 
solution, and decreasing as tho temperature at 
which it is observed is raised. 

It oxhibits muta-rotation, a-arabinose having 
the initial rotatory power [a] D +175°, decreasing 
to +104°. ^-Arabinose has not been isolated. 
Accordingly, like dextrose, it has a y-oxidio 
structure. 

The heat of combustion is 558 cals. 

Arabinose reduces Fehling’s solution, the 
amounts of copper oxide produced by equivalent 
weights of arabinose and dqjctrose being as 
111 : 100 . 

Bromine oxidises it to Z-arabonic acid 
C 6 H 10 O 9 , 'which crystallises as the lactone 
C 6 H 8 0 6 , m.p. 95 °x; 98 0 , [a] D — 73*9°. Nitrio acid 
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forms oxalic acid as the final product, but in 
' dilute solution, firstly arabonic acid, and secondly 
Z-trihydroxyglutaric acid, m.p. 127°, are formed. 
On reduction, amongst other products, Z-arabitol, 
m.p. 102°, is formed, which iB optically inactive, 
but becomes laevo-rotatory in presence of borax. 

Arabinoso forms an additive compound with 
hydrogen cyanide, which is hydrolysed to 
arabinose carboxylic acid. This is, in reality, a 
mixture of two acids, of which the lactones on 
reduction give rise to Z-glucose and Z-mannoso. 

The diphenylhydrazone, m.p. 218°, is 
almost insoluble. The other hydrazones have 
the following melting-points : phenyl, 161° ; 
^-bromophenyl, 150° ; a-methylphenyl, 161° ; 
a-othylp^cnyi, 163°; a-amylphenyl, 120°; o- 
allylphenyl, 145° ; a-benzoylphonyl, 170° ; 0- 
naphthyl, 141°. Arabinose phenylosazone, m.p. 
160°, is prepared similarly to the dextrose com- 
pound. It is slightly more soluble, and, when 
boiled with benzaldehyde, arabinosono is formed. 
The p-bromophenyloaazone has m.p. 196°-200°. 

Arabinose forms crystallisable compounds ! 
with the aromatic diarmnes and diamino-aeids. 1 

Z-Xylose is obtained by the hydrolysis of 
wood gum (xylan) extracted from wood by 
ddutc soda solution. 

According to Bertrand (Bull. Soc. chim. [3| 
5, 554), it may be obtained from wheat or oat 
straw by first extracting the straw with tepid 
water, and then boiling it for several hours with 
dilute (1-2 p.c.) sulphuric acid. The liquor, after 
removal of the sulphuric acid by baryta, is con- 
centrated on the water-bath and treated with 
alcohol ; this extracts the xylose, winch forms 
a syrup on evaporation of the alcohol, solidify- 
ing on the addition of a crystal of xyloso. The 
yield is about 2 p.c. from wheat straw, and 4 p.c. 
from oat straw. 

Another convenient source are oat hulls, 
which aro cleaned by soaking in dilute ammonia, 
washed and hydrolysed with sulphuric acid. 
Hudson and Harding (J. Ainer. Chom. >Soe. 
1917, 39, 1038) obtained a yield of 8-12 p.c 
of xylose by direot acid hydrolysis of cotton- 
seed hulls. A more suitable sourco is maize 
cobs {idem. 1918, 40, 1001). Xylose crystallises 
in orthorhombic prisms, m.p. 144°-145° or 
150°-154°. It exhibits muta-rotation, a-xyloso 
having [a] D f 79°, falling to -f 19°, which is the 
rotation of the equilibrated mixture. The heat 
of combustion is 5G1 cals. Bromine oxidises 
it to xylonic acid, a syrup which is at first 
loivo-rotatory, but reaches fa^+17'5 0 , as it is 
transformed into the lactone in solution. It 
forms a very characteristic insoluble compound 
t y 5 ; Ho0 9 CdBr,H, J 0 with cadmium bromide. Nitric 
aoid in the cold forms an optically inactive 
trihydroxyglutaric acid. 

On reduction, inactive xylitol, a syrup, is 
formed. 3 

. a-Methylxyloside has m.p. 90°-92°, [a] D 4- 152; 
the 0-isomeride has m.p. 156°-157°, [a^-GS 9°. 
With hydrogen cyanide two xylose carboxylic 
acids are formed, which yield Z-gulose and Z-idose 
on reduction. 

The phenylhy drazone has m.p. 116° ; the 
0-naphthylhydrazone, m.p. 70° ; and the phenyl- 
osazone, m.p. 166°. * 

The methyl pentoses are .pentose carbohy- 
drates, in which oi)£ of the hydrogen atoms in 


the primary alcohol group is replaced by methyl. 
They appear to be widely distributed, but their 
biochemical significance is not yet understood. 
They show the same reactions as the pentoses, 
and, like these, Are not fermented by yeaBts, 
Characteristic is tho formation of methylfurfur- 
aldehyde on distillation with acids. 

Rhamnose (Ieodvlcitol) C # H 18 0 5 ,H.0, on 
account of its empirical formula, and (the ease 
with which it crystallised, was formerly classed 
with dulcitol and mannitol, hence the original 
name of taodulcitol. Its chemical behaviour 
shows it to be a methyl pentose. It appears to 
be widely distributed in nature in the form of 
glucosides, the beBt known of which are xantlg)- 
rhamnin, the colouring matter of Persian berries 
and quercitrin. Other glucosides containing 
rhamnose are baptism, fisetm, frangulin, fustin, 
datiscm, glyeyphyllin, hespendin, naringin, 
rutin, Hophonn {v. Glucosides). 

It is prepared by extracting Persian berries 
with hot alcohol, distilling off the alcohol, and# 
beating the xanthorhamnin on the water-bath 
for 2 hours, with 6 p.c. sulphurio acid. The 
precipitated rhamnetm is filtered, the filtrate 
neutralised with barium carbonate, and, after 
removal of the banum sulphate, evaporated to 
a syrup. This is diluted hot with absolute 
alcohol, and the solution allowed to Btand, when 
it deposits hard lustrous crystals of rhamnose. 
About 15-20 grams are obtained per kilo, of 
berries. 

It is advantageously prepared from the 
residues of the manufacture of quercitron 
extract, when theso aio available. 

Rhamnose has the constitutional formula : 

HO HO H H 

I I I I 

CH 8 -C — C C C-CHO 

I *1 I I 

H H HO HO 

Until recently the positions of the groups 
i attached to the carbon atom next to the CH S ’- 
! group were uncertain, but Fischer and Zach 
| (Ber. 1912, 45, 3761) have obtained d-isorham- 
I nose by a Buries of reactions from triacetyl 
J dibromoglucose, in which compound the two 
halogen atoms are attached to the terminal 
1 carbon atoms of the sugar chain. 

| The hydrate softens at 89° ; m.p. 92°-93.° 

| When anhydrous, it crystallises from acetone in 
needles ; m.p. 122°-] 26° (Fischer), 108° (Tanret).' 
Like dextrose, it exists in a- and 0- modifications, 
which are in equilibrium in solution. The a- 
form has — 17°; the 0- form [o] D +31‘5° ; 
and the equilibrated mixture has [aj^-f-9 0 . It 
sublimes slowly and unchanged at 105°/1— 2 mm. 

Bromine oxidises it to rhamnonio acid ; 
with nitric acid it yields a mixture of formic, 
oxalic, and trihydroxyglutaric acids C 8 H 8 0 7 . 
On reduction, the corresponding alcohol rhamni- 
tol is formed. • 

The phenylhy drazone has m.p. 159° ; methyl- 
phenylhydrazone. m.p. 124° ; ethylphenyl- 
hydrazone, m.p. 124° ; ally lphenylhy drazone, 
m.p. 136° ; amylphenylhydrazone, m.p. 99° ; 
diphenylhydrazone, m.p. 134° ; benzylphenyl- 
hydrazone, m.p, # 141° ; 0-naphthylhydrazone, 
m.p. 170°. Rhamnose phenylosazone crystal- 
lises in slender yellow needles, Blightly soluble 
in«boMing water ^ iq.p. 190°-192°. 
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Methylrhamnoside lias m.p. 108°- 109°, 

[o] —02°; acetone rhamnoside, m.p. 90°-91°. 

Other derivatives are rhamnose ethylmercap- 
tal, m.p. 135°-137° ; rhamnose, oxime, m.p. 127 - 
128°; rhamnose anilide, m.p. 118°. 

Fuoose C a Hi a 0 6 

H H OH 

CH 3 -CH(OH)— C— C ■ C * CHO 
OHOI1H 

is obtained by hydrolysing the polymer fucosan, 
winch is a component of the cell-wall of many 
marine algie. It is also present in Incus 


150°-160°, ft epimerised to epirhodeonio aoid, 
the lactone of which on reduction gives epirho- 
deode : 

OH OH OH 

CH.-CH(OH) • C • 0 • C • CHO 
H H H 

The sugar is a Byrup which gives the same 
osazono as rhodeosc ; it oxidises to trioxyribo - 
glutanc acid, m.p. 184°-185°, [a| D +12°. 

Isorhodeose (Votocek, Bor. 1910, 43, 476; 
1911, 44, 819, 3287). 

This occurs combined with rhodeosc, rham- 
nose, and other compounds in the glucoside 


iwiculosus, in laminaria and Carragheen moss I cony ’ olvuli ifc the"' optical antipode of 

f r i2 ***** is ' 
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with baryta, the filtrate concentrated to a 
syrup, taken up with alcohol, concentrated 
again, and the sugar isolated as hydrazone. 
Reduction with sodium amalgam gives d- 
fueitol (Votocek, 1913, 46, 3653), m.p. 153°- 
154°, which combines with rliodeitol to foim 
r-fucitol. 

Fucose crystallises Blowly in minute needles, 
m.p. 130°-140°. It exhibits muta -rotation [a^], 
being imtially —112”, falling to —74*4° to 
-77°. 

Tho phenylhydrazono has m.p. 170 u -)72°; 
tho phcnylmothylhydrazono, m.p 177° ; phenyl- 
benzylhydrazone, m.p. 172°-173° ; diphonyl- 
hydrazone, m.p. 198° ; p-bromophenylhydra- 
zone, m.p. 181°-184°. Fucomo acid lactone 
has m.p. 100°-107°, [aJ^+73 0 to d-78‘3°. 

Epifucose. Fuconic acid lactone, heated 
with pyridine at 145°-150°, is converted to 
epifucomc aoid laotono (Votocek and Cervony, 
Ber. 1915, 48, 658), which on reduction with 
sodium amalgam gives cptfucaje 

HR Oil 

OH 8 *CH(OH) * 0 • 0 ' 0 1 CHO 
Oil OH H 

a Byrup, [a]^— 9°, whoso phenylhydrazone and 
p. bromophenylhydrazonc are identical with those 
of fuoose. 

Rhodeose is the optical antipode of fucose 
(Miitlier and Tollens, Ber. 1904, 37, 306). It 
has [ajjj+73 0 to -+-75-2°, and forms derivatives 
having the same meltmg -point as those from 
fucose just described. Rhodoonic acid lactone 
has m.p. 105 ‘5°, [aj^— 76 ‘3° to — 69*4°. Rhodeose 
is obtained from the glucoside oonvolvulin. 

The configuration of rhodeose is shown by 
the following reactions (Hudson, J. Arner. Chem. 
Soc. 1911, 33, 405; Votocek, Ber. 1910, 43, 
476) ; — 

(а) Oxidation of rhodoonic acid lactone 
gives i-trioxyglutaric acid. 

(б) Reduction of rhodeose gives rliodeitol, 
not attacked by sorbose bacterium. 

(c) The rhodeohexoniC acid produced by 
applying the cyanohydrin reaction to rhodeose 
yields, on oxidation, saccharic a^icU 

Hence rhodeose is 

OH OH H 

CH,-CH(OH) • 0 . C . C . CHO 
H ff JOH 

Epirhodeose (Votocek, Ber. 1911, 44, 362). 

Rhodoonic acid, heated with pyridine pt 


j-tnoxyglutaric acid. 

(b) Oxidation with bromine water gives 
isorhodeonic acid, winch roacts : — 

(l ) With pyridine at 150° to give anti- 
rhamnomc acid, which reduces to antirhamnose. 
HON converts this sugar to anti-rhamnohoxomo 
acnl, which may be further oxidised, giving 
ntucic acid. 

(n ) With H a 0 2 in presence of iron to give a 
mcthyltetrosc, which oxidises to /-tartaric acid. 
Isorhodeose is therefore 

OH Oil H 

CH 3 ‘Cll(OH) • C ‘ C • 0 • CHO 
OH H OH 

it has (aJ D -f31'5°, and the melting-points of 
the phenylosazono and p-bromophcnylosazone 
are respectively 180°-187 u and 222°. 

Tetroses. 

By reduction of dioxyvalcrolactone, a 
mixture of a methyltetrose and the corresponding 
alcohol were produced. The methyltetrose is a 
Byrup, giving an osazont , m.p. 140°-142°, and 
a pile nylbe nzylhydrazo tic , m.p. 99°-100°. Tho 
mcthyltetntol is also a syrup, its letrabenzoate 
melting at 136°-137° (Cilmour, Chem. Soc. 
Trans. 1914, 105, 73). 

Rhodeotetrose. Rhodeose is degraded by 
Wohl’H method to a rhodeotetrose, tho p-bromo- 
phenylhydrazone of which melts at 143°- 144° 
(Votocek, Ber. 1917, 50, 35). 

Chinovose C 6 H ia O B is only known as a 
constituent of the gluooside chinovin, which, on 
hydrolysis with alcoholic hydrochloric acid, 
yields cthylchinovosido C 6 H n 0 4 *0C a H 6 , origin- 
ally termed chinovite, [«Jd+78°. 

Chinovite, when hydrolysed with dilute 
sulphuric acid, yields chinovose, which is a 
syrup, showing all tho reactions of the carbo- 
hydrates. Phenylehinovosazone forms yellow 
needles; m.p. 193° -194°. 

Aplose C b H 10 O 6 is an altogether remarkable 
sugar, obtained together with dextrose on 
hydrolysmg the glucoside apiin present in tho. 
seeds and leaves of parsley. It contains a 
branched chain of carbon atoms, having the 
constitutional formula 

!jh ! !oH)^ >CH( 0H) ' <JH(0H, ' CH0 
(VongerichCen, Aunalen, 1901, 318, 121 ; 1902, 
321, 71 ; Ber. 1906, 39, 235). 

It is a pale 'yellow syrup, optically inactive, 
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non -fermentable, does not yield furfurol, and 
yields isovaleric acid when reduced by hydrogen 
iodide and phosphorus. Bromine oxidises it to 
apionio acid. 

The phenylhydrazone has m.p. 135°; phenyl- 
osazone, m.p. 150°; and the bromophenylosazone, 
m.p. 209°~212°. 

Digitoxose C 6 H la Q 4 is obtained on hydrolysing 
digitoxm, one of the glucosides of digitalis. It 
crystallises in prisms or plates, m.p. 102°, and is 
dextro-rotatory. It has the composition (Kiliani) 
CH 3 -CH{0H)1CH(UH)J 1! -CH 2 -CH(). 

Digltalose C 7 H 14 0 5 is similarly obtained from 
digttahn. 

. The Caiibohydkate Acids 

are tlioeft containing the same number of carbon 
atoms as the aldose carbohydrates from which 
they arc derived. They are either mono- or di- 
basic. Ketoses yield acids with fewer carbon 
atoms than the original carbohydrate on oxidation. 

The monobasic acids are formed on oxidising 
the aldehyde group to acid, generally by means 
of bromine or dilute nitric acid. More energetic 
oxidation converts also the primary alcohol 
(— CB a '()H) group into acid (C0 2 I1). 

Glucuronic acid, which is of importance 
physiologically, is a type of monobasic acid, m 
which the aldehyde group is intact, and the 
primary alcohol group oxidised to and. The 
monobasic acids arc transformed m aqueous 
solution, particularly on evaporation on the 
water- bath, into lactones which crystallise well. 
The dibasic acids similarly sometimes form 
double lactones. 

The most important property of gluconic and 
isomeric acids is their behaviour on heating 
with pyridine or quinoline, when they are 
transformed into lsomeruics, rearrangements of 
the groups attached to the a-carbon atom taking 
place. Thus, when gluconic aeui is heated with 
quinoline or pyridine at 130°-150°, it is partially 
converted into mannornc acid. This behaviour 
has been of tho utmost importance in effecting 
the synthesis of tho carbohydrates. 

Gluconic acid O 0 H ]2 () 7 always contains a 
proportion of lactone. It is slightly la*vo- 
rotatory at the instant of solution, but becomes 
dextro-rotatory as tho transformation to lactone 
takes place, the final figure for a mixture m 
equilibrium of acid and lactone being about 
+ lb°. The lactone crystallises in slender 
needles, m.p. 130° -135°. It has [a] +«8° when 
first dissolved, falling to 19° for the solution 
in equilibrium with the acid. The calcium salt 
is sparingly soluble and characteristic, likewise 
the phenylhydrazide 0 4 H, a O 6 N a H 2 Ph, which 
forms colourless prisms, m.p. 200°. 

Mannonic acid. The lactone crystallises in 
noodles, m.p. 149°-153°, [a^+53-8 0 . The phenyl 
hydrazide has m.p. 214° -219°. 

Galactonic acid is obtained by oxidising 
galactose yr hydrolysed lactose with bromine. 
In the latter case, 100 grams lactose are boiled 
4 hours with 400 grams 5 p.c. sulphuric acid, 
the acid precipitated as barium sulphate, and 
the filtrfcto evaporated to 300 e.c., cooled to 35°, 
and 200 grams of bromine added with constant 
shaking. After standing for a Bhort time, the 
excess of bromine is removed by a curfbnt of air, 
hydrogen bromide by lead carbonate and silver 
oxide, and the solution is saturated 'with cadmium j 


carbonate, and concentrated till the cadmium 
galactonate crystallises. The mother liquors 
yield a second crop, about 60 grams in all being 
obtained. This salt is purified and decomposed 
with sulphuric acid. a 

Galactonic acid crystallises in needles, which, 
on heating to 100°, lose water, forming the 
lactone. The lactone crystallises with difficulty ; 
it has m.p. 90°-92°, and forms a crystalline 
hydrate, m.p. 05°. The acid has [ a ] D — 10*5°, 
which becomes —57° on heating. The lactone 
has [o] D -- 70°, and tho crystalline hydrate 
[ajjj— 58°. The cadmium salt is characteristic; 
the phenylhydrazide has m.p. 200°-205°. On 
heating with pyridine at 150°, galay tonic acid is 
partially converted into d-talomc acid. 

Lactobionlc and maltobionic acids, obtained 
by the action of bromine on tho corresponding 
disaccharides, are colourless syrups or amorphous 
compounds. 

Glucuronic acid (glycuronic acid) C 6 H 10 O 7 is 
frequently found in urine, combined with a 
variety of substances, forming compounds of a 
glucosidic nature. It was synthesised by 
Fischer (Uer. 21, 521), by reduction of saccharic 
acid lactone, and has the formula 
(X) a HTCJHOH] 4 *CHO 

It is conveniently prepured from euxanthic 
acid, which is readily hydrolysed by dilute acids 
to glucuronic acid and ouxanthon 

CjoUhO.oH HjjO— C 8 li 10 O 7 bC 13 H 8 0 4 

Euxanthic acid, known in commerce as 
Indian yellow or piuri, is a pigment made 
almost exclusively m Bengal, and is obtained 
from the unno of cows which have been fod 
upon mango loaves (v. Indian yellow). 

According to Thierfelder (Zoitsch. physiol. 
CJhem, 1 1, 388), 1 part of euxanthic acid is heated 
with 200 parts of water in an autoclave at 120°, 
the cuxanthono separated by filtration, and the 
solution concentrated. Owing to tho introduc- 
tion of aniline dyes, piun has become very rare 
and expensive. 

Neuborg and Lachmaun (Biochem. Zoitsch. 
1910, 24, 410) propose to obtain glucuronic acid 
by feeding menthol to. rabbits. Menthol has 
the advantage that it is not poisonous, tho 
paired glucuronic acid is fairly oasily isolated 
and readily hydrolysed. 2 grams menthol are 
dissolved in 1 c.c. alcohol and .shaken with 
20 c.e. lukewarm water ; this emulsion is ad- 
ministered to rabbits, and tho urine collected, 
rendered acid, and extracted with ether. Excess 
of ammonia is added to tho ethereal solution, 
and the ether distilled off. The residue of 
insoluble ammonium menthylglucuronate is 
dissolved in water, precipitated by lead acetate, 
the precipitate decomposed with hydrogen 
sulphide, and the filtrate evaporated, when 
pure menthylglucuronic acid is obtained. This 
is decomposed by boijing with dilute sulphuric 
acid to give glucuronic acid. 

Glucuronic acid is a syrup, and is transformed 
into the crystalline lactor e on evaporation. 
This is very soluble in water ; it has m.p. 176 °, 
[ajjj-j-19 0 . It reduces Folding's solution, yields 
furfurol on distillation with mineral acids, 
showing positive* reactions with orcinol and 
phloroglucinol, and is not fermentable. 

•A#number of substanoes when introduced 

• • ' • 
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into the animal body are excreted in the urine 
as lsevo-rotatory-paired glucuronic acid deriva- 
tives. These are isolated by precipitation with 
basic lead acetate, of which an excess should be 
avoided. 

Saccharic acid C«H 10 *O 2 

OH H OH OH 

H OH H H 

iB obtained on oxidising dextrose and all carbo- 
hydrates which contain dextrose, also from 
sorbitol, gluconic acid and glueuromo acid. It is 
prepared from starch or dextrose (50 grams) by 
heating with nitric acid (350 grams) (sp.gr. 115) 
on the water- bath, and ovaporating to a syrup 
whilst stirnAg continually. A little water is 
added, and the solution again evaporated. 
The residue is dissolved m 150 grams of water, 
neutralised with a concentrated solution of 
potassium carbonate, 25 c.c. acetic acid (50 p.c.) 
added, and the solution evaporated to 80 c.e. 
On standing, the monopotassium salt separates, 
and is reerystalhsed from a little hot water. In 
the mother liquors, Neuberg (Bioehem. Zeitseh. 
1910, 28, 355) has recently found 10 p.c. of an 
acid identical or isomoric with glucuronic acid. 

Saccharic acid is a syrup, [a) D +8°, increasing 
to -f22‘5 y . The lactone C 6 H a 0 7 has tup. 
130°~131°, [a] D +37'9°> decreasing to 2-25° for 
tho equilibrium mixture with the acid. Charac- 
teristic i» the monopotassium salt C 6 H 8 O e K, 
formed on the addition of acetic acid in excess 
to a solution of the normal saecharatc. This 
orystallises in small orthorhombic needles, 
sparingly soluble in water (l 12 parts per J00 y ) 
The diphcnylhydrazido has m.p. 210°. 

The continued action of nitric acid forms 
tartaric and racemic acids, and, finally, oxalic 
acid. On dry distillation it«deeomposcB with 
the evolution of carbon dioxide, yielding pyro- 
mucic and taopyromucic acids. 

Mucic acid C 6 H 10 O 8 

OH H H OH 
CO a H — 0 — C — 0 — C — ( X) »H 
H OH OH M 

is obtained on oxidising galactose, lactose, 
raffinose, dulcitol, and all carbohydrates which 
yield galactose when hydrolysed. 

100 grams of lactose are heated on tho water- 
bath with 1200 c.c. of nitric acid sp.gr. 1*16 till 
tho volume ifJ reduced to 200 c.c. ; this residue 
is taken up with an oqual volume of water and 
left to crystallise ; the yield is about 38 grams. 

Mucic acid is a microcrysttfiline powder, m.p. 
213°-214° ; it dissolves in 300 parts of water at 
14°, or 60 parts at 100°. It is optically inactive, 
and cannot be resolved into optically active j 
isomerides. 

It forms normal and acid salts with metals, 
and normal salts with alkaloids. Tho raono- 
phenylhydrazido has m.p. 190°-195° ; the I 
diphenylhydrazido, prepafed by heating with 
phenylhydrazine acetate on the water-bath, has 
m.p. 240°. 

The Carbohydrate Alcohols 
are widely distributed in the vegetable kingdom, 
where they occur, as a rule, ftneombined with 
other substances. As a class they are readily 
soluble in water, crystallise well, and have a#m#U 


rotatory pow^r. On cautious oxidation they give 
in turn a reducing sugar, monobasio acid, and 
dibasic acid. They are obtained by reduction 
of the corresponding aldose or ketose carbo- 
hydrates with sodium amalgam, but, as a rule, 
owing to transformations in the alkaline solu- 
tion, a mixture of alcohols is produced. They 
are not fermentable, and do not reduce Fehling’s 
solution. Only those which occur naturally will 
bo described here, though the alcohols corre- 
sponding to tho synthetical sugars are known. 

Erythritol C 4 H 10 O 4 

OH OH 

ClT.,(OH)— C — O — CH,(OH ) 

*H H 

occurs m a number of lichens, particularly the 
varieties of Jtuccella tinctoria, where it is present 
in the form of tho ether crythrin C 20 Hj a O 10 , 
which is a diorsellmate of erythritol. Tins is 
saponified by boiling with baryta or lime 
D 20 H 12 O 10 -f 2H a O -C 4 H 10 O 4 -f2(} 7 H 8 O 1 -f 2C0 4 

Erythrm is heated for about 2 hours at 1 50° 
m a closed iron vessel, with a quantity of milk of 
lime somewhat less than sufficient to decompose 
it ; the exclusion of air prevents the formation of 
a largo quantity of resinous matter. The liquid , 
filtered from calcium carbonate, on evaporation 
at a gentle heat, deposits oreinol in fine crystals, 
and the mother liquors on further evaporation 
yield a crystalline mass of oreinol and erythritol, 
from which the formor is extracted by ether 
(v. Do Luynos, Compt. rend. 56, 803). Sten- 
house (Chom. Soc. Trans. [2] 5, 222) dissolves the 
erythrm m a slight excess of milk of lime, boilB 
for half an hour in a vessel with a long condensing 
tube to exclude air, precipitates the lime in tho 
resulting solution with carbon dioxide, or (on 
a large scale) by exact neutralisation with dilute 
sulphuric acid, and evaporates the iiltcred 
solution to dryness. On digestmg the residue 
for 20-30 minutes with a mixture of benzene, 
toluene, &c. (b.p. 110°-150°), in a metallic 
vessel provided with a condenser, an undissolved 
portion is left free from oreinol, which, on 
evaporation and filtering from resin, &c., 
deposits crystals of erythritol. These may be 
purified by washing with cold alcohol, pressing, 
and recrystallising once or twice from hot water. 

Erythritol crystallises in large, colourless, 
transparent quadratic prisms, having an adaman- 
tine lustre. Sp.gr. 1 •542-1*449. It melts at 126° 
(Liebormann, Ber. 17, 873), and may be cooled 
far below its melting-point without solidifying. 

It is optically inactive even in presence of 
borax, and has no action on litmus, but the 
addition of borax renders it acid. Its taste is 
sweet, but less so than that of oreinol. It is 
very readily soluble in water, its heat of solution 
| being at 18°, 5*2 cals., and at 9°, 5’12 cals. 
(Colson, Compt. rend. 104, 113), sparingly in 
cold alcohol and insoluble in other. It does 
not lose water below 100°, and does not precipi- 
tate neutral or basic lead acetate, copper salts, 
or ammonium lead nitrate (Stenhouse). 

Erythritol is not altered by ammonia, by 
bromine, or by chloride of lime. Heated lo 260° 
with solid potassium hydroxide, it yields oxalio 
and acetic acids with evolution of hydrogen. 
With fuming hydriodio acid, it gives secon- 
dary butyl iodido C 4 H**HI. It iB attacked by 
atmospheric oxygbn in presence of platinum 
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"black, forming trihydroxybutyrio* and oxalic 
aeida (De Luynes, Compt, rena. 56, 803 ; Sell, 
ibid. 61, 741). 

With dilute nitric acid, oxalic acid, tartaric 
acid, and a large quantity of hydrooyanic acid 
are produoed ; and with onromic acid and potas- 
sium permanganate, or with chromio mixture, 
formic acid, carbon dioxide, and oxalic acid are 
obtained (Przybytok,Bull. Soc. chim. [2] 35, 108). 

E. Fischer and J. Tafol (Ber. 20, 1088), by tho 
oxidation of erythritol with dilute nitric acid, 
procured a reducing sugar, eryt.hrose, which 
formed a crystalline phenylosazone C ia H )8 N 4 Q 2 , 
m.p. 166°-167°, sparingly soluble in water, more 
readily in other and benzene. The tetranitrate 
•C 4 H a (NO s ) 4 forms large shining lamina?, m p 01°. 

Whe» erythritol is dissolved in concentrated 
sulphuric acid, and tho mixture heated to 
00°-70°, tho compound O a H J1 0 2 (S0 4 H) J is pro- 
duced, which forms salts with metals (Hesse, 
Annalen, 117, 329). 

Erythritol dissolves easily in chlorosulphomc 
acid, foiming erythritol tetrasulphunc acid 
C 4 H fl (S0 4 H^, which crystallises in snow-white 
masses consisting of small prisms It is decom- 
posed by hot water with regeneration of ery- 
thritol. Tho metallic salts arc spanngly soluble. 

By heating erythritol lor about 100 hours 
with 12-15 parts concentrated hydrochloric 
acid, De Luynes (Ann ('him. l’liys. |4J 2385 ; 
J. 1804, 497) obtained erythritol dicbloro- 
hy d ri n C 4 ll 6 (0 H )./ '1 2 . By raising the tempera- 
ture to 120°-130°, tho result is more quickly 
attained, or tho compound may lie produced 
by heating erythritol to 120 o -l30 tl m a current 
of hydrochloric acid (Przybytek, Bor. 14, 2072). 
It molts at 1 24° 125° (m.p. 145°, l)e Luynes). 

Erythritol tetrachloride E 4 H a (ll 4 , produced by 
the action of phosphorus pentaehlorido, melts at 
73°, and crystallises m prisms (llennmgor, Bull. 
Soc. chim. 34, 194 ; Bell, Ber 12, 1271). Dinitro- 
dichlorhydrm U 4 H fl (Ul 2 )(N0 2 ) 3 0 2 , has m.p 00°. 

Erythritol dibrotnbydrin (J 4 ll a (Br 2 )(OH) 2 
is formed by heating with a saturated solution 
of hydrobromic acid for 3 hours at 100° in a 
sealod tube. It is insoluble in water, and melts 
at 130° (Champion, Compt. rend. 73, 114). 
Dinitrodibromhydrin C 4 1I 4 ( Br 2 )(N0 2 )0 2 is 
a flaky precipitate, m.p. 75°. It docs not de- 
tonate under the hammer (Champion). 

The tetraformato forms long slender needles, 
m p. 150° ; the tetracetate has m.p. 85° ; and 
the tetrabonzoatc, m.p. 186°-187°. 

Characteristic is the dibonzylidencacetal 
C 4 H a 0 4 (C 7 H 8 ) 2 , obtained on shaking with 2 parts 
of benzaldehydc and 3 parts of 50 p.c. sulphuric 
acid (Fischer, Ber. 27, 1524) which forms 
slender needles sparingly soluble in hot water. 

It is not fermentable by y oasts. Bacterium 
xylinurn transforms it into a reducing keto- 
tetrose (Bertrand, Compt. rend. 126, 762), and 
it is attacked by bacteria in cow-dung and hay 
water, succinic acid in the one case and volatile 
acids in the other being the main products of 
change (Fitz, Ber. 11. 1890 ; 12, 474). 

The anhydride oS-oxy-jSy-butanediol is ob- 
tained by heating erythritol for some hours 
with acids ; it is a liquid, b.p. 154°-155° at 18 mm. 

The second anhydride C 4 H a 0 2 was prepared 
by Przybytek (Ber. 17, 1091) by tho*action of 
potash on erythritol dichlorhydrin. It is a 
colourless mobile volatile liquid, b.> 138°, sp.gr. 


1T322. It combines with water, aeida, and 
ammonia, and forms compounds with hydro- 
cyanic acid and aniline. Its constitutional 

fnrrmilo ia CH S ‘ CH*CH ' CH I* 
formula is 

When heated with anhydrous bariuni oxide for 
3 days at 200°-220°, the anhydride yields fur- 
furane ; when heated with phosphorus penta- 
sulphide it givos thiophene. 

Adonitol C s H 12 0 6 

OH OH OH 

CH 2 (OH) — C — C — C — CH S ( OH) 

II H H 


is the only naturally occurring pentose alcohol ; 
it corresponds to ribose, and is obtained on 
reducing this. It is found in AcConis verruilis 
(Podwyssotzki, Arch. Pharm. 1889, 141). It 
separates from water in transparent prismatic 
crystals m p. 102°. It has a sweet taste, and is 
optically inactive. When shaken with benzalde- 
hyde and 50 p.c. sulphuric acid, the dibonzyh- 
deno acetal is formed quantitatively ; it crystal- 
lises in slender needles, m.p. 164°-165°. The 
corresponding diformyhdeneacetal hap m.p. 145°. 
It is oxidised to a mixture of pontoses (Fischer, 
Ber. 1893, 26, 633 ; 27, 2491 ; Merck, Arch. 
Pharm. 1893, 231, 129). 

Mannitol or d-mannite C 6 H 8 (OH) B 
H H OH OH 

C H 2 01I— ( ! — C — (J — C — 0H 2 OH 
OH OH II H 


is the alcohol corresponding to mannose. It 
was first found in the dried exudation from tho 
manna ash, Fruxmus urn us, by Proust, in 1806, 
and is widely distributed in plants. It is con- 
tained in the sap of the larch, in monkshood, in 
the leaves of Synnga vulgaris, m celery, sugar 
cane, in fungi, Adhere it exceeds dextroso in 
quantity or even replaces it. Thus Ladanus 
pallid nn, wlu-n duod, contains from 10 to 15 p.c. 
(Bourquelot, Compt. rend. 108, 568), and 
Agaric us integer is also a good source. Kylin 
(Ze»tseh. physiol. Chorn. 1913, 83, 171) lias 
found it in several Fucus and Ijaminaria species. 
It also occurs m tho sap of French beans on 
keeping. It is prepared from manna by extrac- 
tion with boding alcohol. Mannitol iB obtained 
on reducing mannose, laivulose, or dextrose 
with sodium amalgam. In many cases it 
seems to be a fermentation product derived 
from trehalose (Busolt, Ohem. Soc.’Abstr. 1913, 
i. 803). Its formation may be avoided by 
preserving plant extracts under sterilised 
conditions. 

It crystallises in colourless rhombic prisms, 
m.p. 166°. 100 parts of water dissolve 16 parts 

at 16°, 100 parts of alcohol dissolve 0’07 part 
at 14°. It is optically inactive, but on the 
addition of borax it becomes strongly dextro-ro- 
tatory, a mixture containing 10 p.c. mannitol and 
8 p.c. borax having [a] D +22*5*. This mixture 
is strongly acid. Witli caustic soda and other 
alkalis it becomes lsuvo-rotatory. 

Mannitol has a slightly sweet taste, is not 
fermentable by yeast, sorbose bacteria oxidise 
it to lsevulose, and it is attacked by many other 
races. It does not reduce Fehling’s solution, or 
interact with phefcyJhydrazine. 

Mannitol is easily oxidised. Air in presence 
of jd^inum black forms mannosacoharic acid, 



CARBOHYDRATES. 


and a mixture of -mannose and ltev ulose, which 
is also formed with hydrogen peroxide and an 
iron salt. Bromine gives mainly laevulose. Nitrio 
acid transforms it into mannosaceharic acid and 
finally into glycollio acid and oxalic acids. 

Derivatives . — On heating at 280°, mannitol is 
converted by loss of water into mannitan 
CgHjjOg, which is formed at 100° in presence of 
strong acids. The hexanitrate, also known as 
nitromannitol C 8 H 8 (N() 8 ) # , is prepared by the 
action of a mixture of sulphuric and nitric 
acids ; it forms colourless acicular crystals, 
m.p. 1 12°-113 0 f [o]^+ 40°, which explode violently 
on being struck or when suddenly heated. 

The dichlorohydrin has m.p. 174°, [o]^— 3‘75°; 
and its tetranitrate forms slender needles, 
m.p. 145°. The hexacetate (Franchimont, Bor. 
12, 2059) separates from alcohol in orthorhombic 
crystals, m.p. 119°-120°, [aj^+18 0 . Tho hoxa- 
bonzoato has m.p. 149°. 

The tribenzylidono acetal crystallises in 
slender needles, insoluble in water ; m p. 218"- 
222° (Fischer, Ber. 28, 1975). Tnacetono 
mannitol (Fischer, i bid. 28, 1 167) forms colourless 
prisms, m.p. 68°-70°, [a^+12’5". It tastes 
bitter. Mannitol monoacotone, treated with 
benzoyl chloride and quinoline at 15° for five 
days, yields tetrabenzoylmamutol monoaeetono, 
m.p. 122°-123°, which hydrolyses partially to 
totrabenzoylmannitol, m.p. 122°-123°, [a] 1( +8°. 
(E. Fischer, Ber. 1915, 48, 209.) 

For tho conversion of mannitol into methyl- 
a-pyren 

CH 

/\ 

HC CH 

II I 

HC CHMe 

\/ 

O 

see Windaus and Tomiclf (Chem. Zentr. 1918, 
ii. 109). 

The anhydride mannitan exists m amorphous 
and crystalline modifications, tho latter havmg 
m.p. 137°, [a]^ — 24°. A second anliydrido is 
mannido C B H 10 O 4 , wliich exists in several forms. 
One obtained by reducing tho dichlorohydrin 
crystallises in slender needles or large prisms, 
m.p. 119°, [aj^-f 94° ; tw-mannido produced by 
the dry distillation of mannitol in vacua, forms 
prisms, m.p. 87°, [a^+91 -4°. 

(/•Sorbitol or sorbit C a H„(OH) ft 
OH H OH OH 

CHjjOH — C — C — C — C — CH jOH 
H OH H H 

is the alcohol corresponding to dextrose, from 
which it is obtained on reduction with sodium 
amalgam in faintly alkaline solution. Sorbitol 
was discovered in mountam-ash berries by 
Boussingault (Compt. re»id, 1872, 74, 939), and 
occurs in the fruits of a large number of plants 
belonging to the Rosacece. It was found as a 
crystalline network on the dried heads of the 
fungus Boletus bovinus (von Lippmann, Ber. 
1912, 46, 3431). 

It is prepared from tl^ expressed juice of 
mountain- ash berries, whioft is fermonted to 
remove carbohydrate, defeated with basic lead 
aoetate, and concentrated to a syrup 


This syrup it taken up with alcohol, and usually 
gives crystals of sorbitol. In other cases an 
equal weight of 60 p.c. sulphuric acid, and a 
little less benzaldehyde is added, and the 
mixture agitated. After 24 hours it sets to a 
crystalline mass of dibenzylidene sorbitol. This 
is separated, washed, and decomposed by boiling 
with dilute sulphuric acid. 

The benzaldehyde is removed by steam 
distillation, sulphuric acid by baryta, and tho 
benzoic acid extracted by other. The liquid is 
concentrated to a syrup, and inoculated with 
a crystal of sorbitol (Vinoent and JDclachanal, 
Compt. rend. 108, 147). This method permits 
of the separation of sorbitol in small quantities 
from plants. 

Sorbitol crystallises with 1 mol. HjOfn slender 
needles, m.p. 65°. The anhydride has m.p. 
110°. It is very soluble in water, sparmgly so 
in alcohol. It lias [a]^— 17 *3°, which becomes 
+ 1 4° in presence of borax. It is faintly sweet, 
non- fermentable, but is oxidised by B-xyltnu m 
to sorbose (q.v ). 

The hexacetate lias m.p. 99". The dibenzyl- 
ldenc acetal as obtained above is a mixture of 
two lfaomerides, one of which has m.p. 1(>3°— 104°. 
Triacetone sorbitol has m.p. 45". 

Ntyraeitol, a naturally occurring substance 
isolated by Asalnna (Ber 1912, 45, 2363) from 
Sty tax abassia , is isomeric with tho anhydro- 
sorbitol obtained by reduction and hydrolysis 
of anhydromcthylglucoside (Fischer and Zaehs 
Ber. '1912, 45, 466, 2068). This suggosts that 
sucli anhydrides of glucose and of glucoside 
occur in nature. 

Dulcitol. Dulctn, Dulcose, Melampynle , 
Melampynn 

OH H H OH 

I I I I 

CH 2 01I— 0— C—C— C—CH.OH 

I I I I 

H OH OH H 

is the alcohol corresponding to galactose. 

Occurrence . — Found in a manna or crude 
preparation from a bulbous root of unknown 
origin from Madagascar (Laurent, Annaien, 
76, 358 ; Jacqueluin, ibid. 80, 346, in 

Scrophulana nodosa and Rhinanthus Crista 
yalh (Eiohlor, Ueb. d. Melampyrin, Moscow, 
1885); in Melampyrum nemorosurn (Hunefeld, 
.1. pr. Chem. 4, 233 ; Gilmer, Annaien, 123, 
372) ; in Euonymus europvea (Kubel, P. Pharm. 
Chun. 85, 372), and in dulcite marina (Heeht, 
Annaien, 165, 148). 

Preparation . — Dulcitol is prepared from the 
Madagascar material by extracting with boiling 
water and allowing the filtrate to crystallise. 
To prepare it from the plants above-mentioned, 
they are gathered at a suitable time and dried. 
A decoction is made of them, rendered alkaline 
i with milk of lime, boiled, filtered, concentrated, 
and acidified with hydrochloric acid. Dulcitol 
crystallises out on cooling. JJulctle manna is 
extracted with boiling alcohol ; dulcitol crystal- 
lises from the solution filtered hot. The manna 
yields 72 p.c. duleitol (Hecht). • 

Dulcitol may also be prepared by the reduc- 
tion of galactose with sodium amalgam, the 
soda produced being from time to time neutral- 
ised with sulphuric acid. It is obtained mixed 
with mannitol oh reducing lactose. 
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Properties. — Dulcitol, both of matural and 
synthetical origin, crystallises in colourless, 
hjghly lustrous monoclinic prisms with octa- 
hedral summits. The crystals are gritty between 
tho teeth, and taste very faintly sweet ; m.p. 118°. 
One part dulcitol dissolves in 34-41 parts water 
at 16*5° ; it is but slightly soluble m alcohol, 
Vven at a boiling temperature. It is optically 
inactive, even in presenco of borax ; the deri- 
vatives aro also inactive. Its solutions are not 
coloured brown by potash, nor do they reduce 
alkaline copper solutions. Nitric acid oxidises 
it to muoic acid ; oxalic and racemic acids are 
also produced (Carlet, Compt. rend. 51, 137 ; 
53, 343). Yeasts do not ferment it, but other 
•organisms, such as exist in cheese, convert it, 
in proselfice of calcium carbonate, into alcohol, 
lactic, and butyric acids. A saturated solution 
containing dulcitol and borax in tho propor- 
tion of 2 mols, dulcitol to 1 mol. borax is 
neutral, but if the proportion of borax is less, 
the solution is strongly acnl, when tho pro- 
portion <i borax is greater the solution is alka* 
line (dulcitol being neutral and borax slightly 
alkaline). A solution of a mixture of dulcitol and 
sodium paratungstate has an acid reaction after 
boiling (Klein, Compt. rend, 1)9, 144). 

Dulcitol sublimes partially on careful heat- 
ing ; at 200° it gives off water, and is converted 
into dulcitan ; at 275° it decomposes. 

Sodium, potassium, calcium, barium, and 
copper compounds exist. 

Neither load acetate nor subacetate precipi- 
tates dulcitol, but a white precipitate is thrown 
down with an ammoniacal solution of acetate. 
This is an unstable load compound. 

Dulcitol heated with hydriodic acid in an 
atmosphere of carbon dioxide yields hexyliodido, 
water, and iodine. 

The hoxanitrate is obtained by the action of 
fuming nitric and sulphuric acids on dulcitol. 
It crystallises from alcohol in beautiful colourless 
flexible needles, which molt between 68° and 72°, 
and give off nitric acid vapours continually, 
being thereby converted into the tetranitrate. 
This latter is soluble in alcohol, from which it 
crystallises in translucent prisms, m.p. 130°-140°, 
and decomposes at 145°. 

Dulcitol forms with hydrochloric acid an 
unstable hydrochloride C B H 14 0 fl -HCl,3H 4 0. 
Similar hydrobromides and hydroiodides exist ; 
they are rathor more stable (llouehard at, Aim. 
Chim. Phys. [4] 27, 145). 

Dulcitol yields chloro- and bromo- hydrins. 
C # H, 2 0 4 C1 2 crystallises in tables insoluble in 
water; C„H 12 0 4 Br 2 and C„H, 2 0 4 BrCl are of 
much the same nature. The corresponding 
dulcitan bodies C„H n 0 4 Cl, &c., exist. When 
those bodies are dissolved in fuming nitric or ! 
sulphuric ocMr, the corresponding tetranitrates 
are formed, as C<,H 8 01 2 (N0 3 ) 4 , &c. 

With the acids of tho fatty and aromatic 
groups, dulcitol forms a number of neutral 
compound ethers. Some of these are ethers of 
dulcitol and some of dulcitan. 

The hexacetate forms hard crystalline plates, 
m.p. 171° ; the hexabenzoate has m.p. 147°, 
both are insoluble in water and other, sparingly 
soluble in cold alcohol. 

The dibenzylidene acetal forms needles, 
m.p. 215°~220°. Dulcitol diacetone crystallises 
in prisms of bitter taste, m.p. 98°. 
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Dulcitol diaeetone, m.p. 08°, may be frac- 
tionally crystallised into : Dulcitol a-diaoetone, 
m.p. 145°- 146° ; and duloitol 3-diacetone, m.p. 
m°-n4°. 

The o- form; when treated with benzoyl 
chloride and quinolinfi at 15°, gives mono- 
benzoyldulcitol a-diacetone, an oil which, when 
shaken in chloroform solution with 5N/HC1, 
gives movobenzoyldulciiol, m.p. 155°-156°. 

If the benzoylation is conducted at 100°, 
tho first product is dibenzoyldillcitol a-diacetone, 
m p. 185 Q -l8fi°, which with 5 p.c. HC1 in cold 
acetic acid gives dibenzoyldukitol , m.p. 210° (see 
E. Fischer, Bor. 1916, 48, 266). 

Perseltol C 7 H l6 (), was discovered in the 
fruits of Laurm pnsea, and occurs in Persea 
yratmimn. It is identical with d-mannoheptitol, 
synthesised by Fischer (Bor. 23, 930, 2226) by 
reducing the lactone of d-mannoheptonic acid. 

It crystallises in colourless slender needles, m.p. 
188° ; dissolves slightly in cold water (6 parts per 
100) ; readily m hot water, and is insoluble in 
absolute alcohol. It has [a] D — 1 ’S 0 , but becomes 
slightly dextro-rotatory in presence of borax. 

Dilute nitric acid in the cold converts it into 
mannoheptoso ; the sorbose bacterium oxidises 
it to a ketoheptose. 

The heptamtrato forms needles, m.p. 138° ; 
the heptaaoetate has m.p. 119°. 

The optical isomeride of porseitol has not 
been found naturally, but is prepared artificially 
from /-mannoheptoso. 

Volemitol (! 7 H 16 0 7 was obtained by Bourque- 
lot by extracting dried Ladarius volrmus with 
alcohol. It crystallises in slightly swoet slender 
noodles, m.p. J51°-]53°, f «][) + ! *92°, which is 
not altered on the addition of borax. The con- 
stitution is not yet determined. 

An octltol (! s H 1h 0 8 was obtained by Vincent 
and Meunier (Cofiipt. rend. 127, 760) from the 
mother liquors of the sorbitol preparation from 
tho fruit of some of tho Rosacea. The syrup had 
[alj -3*42° ; tho compound with benzaldehyde 
crystallised in slender needles, m.p. 230° ; an 
isomeride formed at the same time having 
m.p. 140°. 

Tiib DraACCHARiDES. 

Tho disaccharides consist of two mono- 
saccharides, united through an oxygen atom. 
One residue is fixed through the oxygon of the 
aldehyde group in just the same manner as is 
dextrose in tho glucosides. In the second 
residue, the aldehyde or ketonic group may be 
still present, in which case the junction takes 
place through one of the alcohol groups, or it 
may have disappeared, being concomed in the 
junction. The disaccharides are accordingly of 
two types. In tho first type, in which the alde- 
hyde group is present, they reduce cupric salts , g 
and behave juBt as dextrose does. In the 
second type, all thgse properties are absent. 
Most of tho best-known disaccharides are de- 
rived from'hexoses. 

In establishing tho structure of a disacchar- 
ide, three points demand attention; (1) the* 
nature of the constituent hexoees ; (2) whether 
it represents an g- or /3-glucoside ; (3) which 
hydroxyl- group is conoemed in the attachment 
of the "two hexo|e residues. As a rule, they 
no really characteristic derivatives, so that 
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their isolation and identification is far from easy. 
Those of Type I. contain, like dextrose, an alde- 
hyde group or its equivalent, and since they 
exhibit muta-rotation and exist in two modifica- 
tions, there is no doubt that, like dextrose, they 
possess a closed ring structure rather than a free ’ 
aldehyde group. In solution, therefore, they 
exist as an equilibrated mixture of intercon- 
vertible isomendes. This is in agreement with 
their crystallising properties and in marked 
contrast to the carbohydrates of Type IT., c q. 
sucrose and trehalose, of which only ono form 
exists, and which are characterised by crystal- 
lising readily. 

Accordingly, both halves of the molecule 
possess a y- oxalic structure, but only one section 
retains the aldehydic grouping potentially 
functional. 

The disaccharides are selectively hydrolysed 
by enzymes, and are attacked with very different 
degrees of readiness by mineral acids. 

Important conclusions as to their structure 
are based on this behaviour, for the full dis- 
cussion of which reference should be made to 
The Simple Carbohydrates, by E F. Arm- 
strong, ch. v. and vi. (Longmans, 19111) 

The following table gives a list of the di, tri- 
and tetra-saccharides and thoir products of 
hydrolysis : — 

DTSACOTT ABIDES. 

C!a rl johydrat o Components 

Type, I. Aldehyde, group, potentially functional 
Maltose Dextroso-a-glucoside 

/somaltoso Dextrose-/3.glucosido 

Gontiobiose Dextrose - j3 -glucoside 

Cellose I)extrosc-/3-glucoside 

Lactose Dextrose-/3-galactosido 

/.wlactose Dextrose-galactoside 

Melibiose Dextrose-galactoside 

Turanose Dextrose and l.cvulose 

Vicianose Dextrose and arabinose 

Galactobioses GalaCctoso-galactosides 

Type IT. No reducing properties. 

Suorose Dextrose and lievuloso 

Trohalose Dextroso (2 mols.) 

Glocoxylose Dextroso and xylose 

Tbisaodhaeidhs. 

Type 1. 

Mannotrioso Dextroso and galactose (2 mols ) 
Rhamninose Dextroso and rhamnose (2 mols.) 

Type IT. 

Raffinose Galactose and dextrose and kevu- 

lose 

Gentianose Dextrose (2 mols.) and hevulose 
Melezitose Dextrose (2 mols.) and lievuloso 

Thtrasaooiiarides. 

Type Ii. 

Staohyose L&vulose and dextrose and galac- 
tose (2 mols.) • 

Sucrose, Saccharose or cane sugar. The pre- 
paration and properties of this are dealt with 
Under sugar, accordingly only tft%more theoretical 
aspects of its properties will be considered here. 
Tn contrast to most of the sugars it crystallises 


exceedingly .wpll ; this is almost certainly due 
to the fact that one substance only is present in 
solution, and not a mixture of isomerides. Jt 
lacks both aldehydio and ketonic properties, 
being without action on Fehling’s solution. 
Considerable difficulty has been experienced in 
ascribing a constitutional formula to sucrose 
which is entirely satisfactory. It is probably 
a derivative of a-glucose, but since it is not 
attacked by maltase, it is not a simple o- 
glucosido. The methyl fructosidos of the 
butylene oxide type are not attacked by inver- 
tase, and are far more stable to acids than 
sucrose. Theso facts arc far more in agreement 
with the assumption that the fructose in the 
disaccharido has an ethylene oxide structure, ‘ 
and this is confirmed by the hydrolysi#of octa- 
mothyl sucrose to tetramethyl glucose and 
tetramethyl fructose. The former was of 
the stable butylene oxide type, the latter of the 
reaetive ethylene oxide type. 

Sucrose may be formulated accordingly as 

r o i 

OH-CH 2 -CH(OH)CH-[OH-()I1]. > CH 0— 

— C(CH a 01i) , CR , [CFr0H)„CH 2 0II 

- 0 

On hydrolysis of sucrose the following Hones 
of changes take place, the final products con- 
sisting of the equilibrium mixtures A and 0 
together, probably, with a small proportion of B 
(f /. Haworth and Law, Ohem. Soc. Trans. 1916, 
109, 11114) 

Sucrose— >a-glucose + a-fruetose ^ a-fructose 

w w w 

/3-gluoose /8-fruotoso /3-fructose 
A Butylene- B Ethylene- 0 Butvlene- 
oxide forms, oxide forms, oxide forms. 

Sucroso contains eight hydroxyl groups, as 
evidenced by the formation of octaectyl-, 
octamtro-, and octamcthyl- derivatives. It 
forms saccharates C, 2 H 21 0j 1 Na with sodium or 
potassium hydroxides, and more complex 
saccharates with lime, strontia and baryta. 

Lactose or milk sugar 0 X2 H a8 0 n was first 
separated from whey by Fabriccio Bartoletti 
in 1019, and termed nitrum seri lacks. It is 
found in the milk of all mammals. Human milk 
contains from 5 to 8 p.c. of milk sugar, cow’s 
and ewe’s milk, from 4| to 5 p.c. ; mare’s and 
ass’s nulk, about 6 to 7 p.c. It has not been 
found in plants. 

Lactose is hydrolysod by mineral acids to 
dextrose and galactose ; it is a jS-galactoside, 
that is, the active aldehyde group is in the 
dextrose residue. It is uncertain whether the 
primary alcohol group or the a-secondary alcohol 
group of the dextrose molecule takes part in the 
union with the galactose residue. Accordingly, 
lactose has one of th£ following formul® : — 
C 6 H u O b — 0-CH a -CH(0H)-CH[CH*0H] a CH(0H) 

(1) 0 

C f H n 0 6 — O-CHtCHj-OHJCHtCH-OHi^CHOH) 

( 2 ) ' "0 

The following dotails of the manufacture of 
lactose from whey are given by Aufsberg (Ohem. 
Zeit. 1910, 34, 885). Cheese makers usually 
send their supply of whey to a oentral faotory, 
where the lSotose is separated. Before the whey 
is concentrated, it, is heated and treated with 
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from 1 to 3 p.c. of aoid (whey vinegar), in order 
to coagulate any albuminous substances present. 
The whey is then concentrated at a temperature 
of from 60° to 70° under reduced pressure, 
until it oontains about 60 p.c. of total solids ; 
the concentrated liquid is run into rectangular 
vessels, each holding about 700 litres and 
surrounded by a cold-water jacket, and after 
the lapse of 10 hours the thick liquid is stirred, 
this operation being repeated at intervals. At 
the end of 24 hours, the pasty mass is submitted 
to centrifugal action, the crude, moist lactose 
amounting to about 3 85 p.c. of tho weight of 
the original whey ; a further quantity of crude 
lactose, amounting to about 0-5 p.c., is obtained 
by evaporating tho mother liquor and allowing 
it to cry|talhse. The crude lactose is now re 
fined by dissolving it in water so as to form a 
solution having a density of 13° to 15° B., adding 
to tho solution a quantity of bone charcoal and 
about 0 - 2 p.c. of acetic acid, heating tho mixture 
to 90°, then adding a small quantity of 
magnesium sulphate, and heating the whole to 
boiling. Tho ftoeculent precipitate is removed 
by filtration, and tho filtrate is evaporated by 
heating under reduced pressure until it has a 
density of 35° B. Crystallisation is then allowed 
to take place, and the crystals are separated. 
Tho lactose thus obtained is again subjected to 
a similar refining treatment, tho final yield of 
crystalline lactose being dried in a centrifugal 
machine supplied with a current of hot air. 
The dry product, amounting to about 2*5 p.c. 
of the weight of the original whey, is then ground 
and sifted. See also Miu< Sugar. 

Milk sugar is deposited from its aquoous 
solutions m hemihedral rhombic or monoclinic 
crystals. Tho crystals arc white, semi-trans- 
parent, hard, and grate between the teeth ; 
their sp.gr. is T53-T54. They contain 1 mole- 
cule of water (C 18 H 28 0 11 ,H 2 0), which they retain 
at 100° over 1I 8 S0 4 , but give up completely at 
130°, leaving a colourless melted mass of anhy- 
drous milk sugar, which solidifies in the crystal- 
line state on cooling, and is strongly hygroscopic. 

If a solution of milk sugar is evaporated to 
dryness on the water-bath, an anhydrous milk 
sugar remains behind, winch is not hygro- 
scopic. 

Hydrated milk sugar is slightly hygroscopic, 
soluble in 5 or 6 parts of cold or 2J of boiling 
water ; from the latter solution the crystals only 
separate out slowly on cooling. An aqueous 
solution saturated at 10° has a density of 1’055, 
and contains 14 55 p.c. of hydrated milk sugar ; 
when left to evaporate it begins to deposit 
crystals as soon as the density —1063, ana the 
solution oontains 2T64 p.c. of sugar. It is 
insoluble in alcohol or ether. 

Accordmg to Hudson (J. Amer. Chom. Soc. 
1908, 30, 1767), lactose hydrate crystallises from 
aqueous solution at the ordinary temporatures, 
whilst above 95° the ^-anhydrous form separates. 
Sohmoeger, ‘and lator Hudson, have described 
throe forms of lactose. Thea-hydrate [a] D +86° 
and the jS-anhydride [a] 4- 36 ’4° both change in 
solution • into the equilibrium mixture or y- 
isomeride of constant rotatory power [aJu+SS'S 0 . 
Lactose was the first carbohydrate of which 
more than one modification was obsei^ed, and 
the relationship of these isomerjdes.has been the 
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Bubject of much discussion (see v. Lippmann, 
Chomie der Zuckerarten). It is to be explained 
in the same way as the muta-rotation of dextrose. 

Lactose Iosbb the water of crystallisation at 
130° when boated, turns brown at 160°, begins 
to decompose at 175°f forming laotooaramel 
C 12 H 20 O jo , and melts at 203°. 

On oxidation with biomino water, lacto- 
bionic acid, C 12 H 8! >0 12 is formed, and this is 
converted into galactose and gluconic acid, 
when hydrolysed by boiling with mineral acids, 
proving that lactoso is a galactoside. Nitric acid 
first causes hydrolysis, and then forms mucic 
acid from the galactose, and saccharic acid from 
the doxtrose. Like dextrose, lactose gives rise 
to two senes of derivatives, corresponding to the 
a- and j3- forms of the sugar already* mentioned. 
It contains 8 hydroxyl- groups, and therefore 
forms octacetates on heating with acetio anhy- 
dride and a dehydrating agent. These are 
colourless, crystalline substances, and well 
characterised. Other lower acetates are less 
definitely characterised. 

Lactose octacetate may be converted into 
acetochlorolactose, and this into methyl lacto- 
side, which crystallises in needles, m p. 171°. The 
octacetate, obtained by heating with acetio 
anhydride, crystallises in rectangular plates or 
needles, m.p. 86° (Horzfeld), 98° (Kremann, 
Schinoeger), 106° (Fischer and Armstrong), 
according to the method of purification. It is 
obviously a mixture. Acetochlorolactose formB 
prisms, m.p. 57°-59° (Fischer and Armstrong, 
Bor. 35, 841), 76*2°. The isomeride 

forms prisms, mp. 118°-] 20°, [a^°+73’5° 
(see also Bodart, Monatsh. 23, 1 ; Dittmar, 
ibid. 23, 865). 

On heating with phenylhydrazine, acetic acid 
and sodium chloride in a boiling water-bath for 
H hours, phenyllactoBazone 0 al H, 8 0 9 N 1 iH 
formed. This does not separate until the solu- 
tion is cold, and is thus readily distinguished 
from phenylglucosazone. The yellow needleB 
melt at 200°, and dissolve in 80 parts of boiling 
water. With very dilute sulphuric acid they 
form an anhydride (' 2 4 H 30 O 8 N 4 , which melts 
at 223°-224°, and is almost insoluble in water 
(Fischer, Bor. 20, 830). The phony lhydrazine 
residues are eliminated by boiling with benzalde* 
hyde, lactosone being formed : 

C # H n O i -0-CH 8 -fCH-OH] 3 -CO-€HO 

This is obtained as a colourless syrup on concen- 
tration of the aqueouB solution in a vacuum, and 
is similar in properties to glucosone. 

Lactose forms characteristic hydrazones with 
some of the substituted phenylhydrazines. The 
amylphenylhydrazone has m.p. 123° ; allyl- 
phenylhydrazone, m.p. 132° ; benzoylphenyl- 
hydrazone, m.p. 128° ; jS-naphthylhydxazone, 
m.p. 203°. Lactal C^Hj 8 0„, which is analogous 
to glucal from glucose, has m.p. 184°- 186°, 
K+27 0 . 

Alkalis decompose lactose, giving a variety 
of products, strong alkalis produce ultimately 
lactic acid ; on fusion with potassium hydroxide, 
oxalic acid is formed. The prolonged action of 
lime results in the fofmation of saccharins (q.vX 

Hydrolysis.— Lactose is hydrolysed with 
difficulty by cold mineral acids, and resists even 
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boiling with wefik organic acids. Towards sul- 
phuric acid it is 1 240 timos as stable as sucrose, 
and slightly moro stable than maltose. Stronger 
aoids hydrolyse it to dextrose and galactose, the 
optical rotatory power of the. solution changing 
from 4-62° to -f 08°. v 

Lactose is also hydrolysed by an enzyme 
lactase (q.v.) which is present m Kephir grains, 
in almonds, and in some yeasts. It is not fer- 
mented by yeasts, with the exception of a few 
torula (S. frngilis, &e. ; xre Armstrong, Proc. 
Roy. Hoc. 1905, 70 B, 000) which contain 
lactase. It. is more susceptible to bacterial 
attack, and readily undergoes lactic and butyric 
acid fermentations. 

The synthesis of lactose has not been effected, 
but an isombride named provisionally urn-lactose, 
was obtained by Fischer and Armstrong by tho 
synthetical action of Kephir lactase on a con- 
centrated mixture of equal parts of galactose 
and dextrose. It was isolated as phonylwo- 
laotosazone. A galactosidoglueose was pre- 
pared by the same workers from acetochloro- | 
galactose, and shown to bo probably identical I 
with molibiosc. j 

Maltose ( ' 12 H 22 ()n was perhaps obtained 
from starch by l)e SauRsure in 1819 : it was 
prepared by Varry, who failed to recognise it as 
a distinct substance. Dubrunfaut, in 1847, 
further examined it and gave the name maltose, 
but regarded it as a trisacchande. O’Sullivan 
showed, in 1872, that it is a disaceharide, and 
gavo a fuller description of its characters. 

Maltose is primarily a decomposition product 
of starch, and its occurrence in nature is mainly 
under conditions where it has been derived from 
starch. Thus it is found in the leaves of plants, 
in germinating seeds, and in malt, &e. Under 
abnormal conditions, it is found in the urine. 
It is a constituent of commercial glucose. Its 
occurrence in the form of a glucoside is doubtful ; 
amygdalin does not contain maltose, and it is 
improbable that lotusin does 

Starch is converted by the enzyme diastase 
first into dextrins and then into maltose. 
Diastase also acts on glycogen, forming maltose 
amongst other products. It is also obtained 
when starch is hydrolysed by acids. Early 
workers have denied the presence of maltose 
amongst the products of acid hydrolysis, but 
Fembach and Schoen (Bull. Soc. chim. 1912, 11, 
303) have completely identified it. They regard 
the processes of hydrolysis of starch by diastase 
and by acids as essentially identical in the first 
stage. 

Preparation . — Maltose is always prepared by 
the action of diastase, usually malt extract, on 
starch paste ; its purification from the dextrine 
present, which are soluble in alcohol, is often a 
matter of difficulty. Baker and Day (Brit. Ass. 
Report, Dublin, 1908, 071) recommend the use 
of ungerminated barley diastase, which converts 
starch into maltose, about 00 p.c., and o-amylo- 
dextrin : this can easily be separated by one 
precipitation with alcohol. Precipitated barley 
diastase is added to a 3 p.c. starch paste, and 
hydrolysis conducted at 50° for 6 or 0 hours, 
and subsequently in the eold. The solution is 
evaporated to a thin syrup and poured into 
95 p.c. cold alcohol, so that^be resulting strength 
is about 80 p.c. The a-amylodextrin is precipi- 
tated and removed by filtration. The alcohol is 


distilled off the maltose syrup, seeded witn a 
few crystals, and a little alcohol added. Tn a 
few hours it sets to a solid magma of pure 
maltose. To purify it further the sugar is 
triturated with strong alcohol, filtered, dissolved 
in a little water, and poured into boiling 95 p.c, 
alcohol, again filtered and crystallised from the 
filtrate. 

When malt diatase is used, tho procedure 
is similar, hut the entire removal of admixed 
dextrins requires repeated purification. Mal- 
tose of this degree of purity separates readily 
from strong aqueous solution. 

Properties . — Maltose crystallises from water 
in plates which coptain Cj 2 H 22 0 (1 ,H 2 0 ; from 
alcohol (sp.gr. O’RlOJJit crystallises in crusts, and 
at times in cauliflower-like or warty^ aggrega- 
tions whieh contain D la H 2a O n . The hydrate 
easily parts with its water at 100° in a current of 
dry air. Tho anhydride is but slightly soluble 
in strong ethyl alcohol ; it is more soluble in 
methyl alcohol. The hydrate dissolves more 
freely in both solvents. Both bodies are very 
soluble in water, but less so than dextrose. 
The solution is optically active, tho activity 
being less when the solution is freshly prepared 
than after standing. 

The specific rotatory power for dry maltose 
is [a\- 1 54" -155°, (a],,- 139° 140° at 15*5° in 
solutions containing 10 grams per 100 c.e. and 
under (O’Sullivan, (-hem. Hoc. Trans. 35, 771, 
and 45, 5). Mcissel («T. pr. Chem. [2] 25, 114) 
gives the formula 

[<%== 140-375"-0-01837P-0095T 


to represent the specific rotatory power of dry 
maltose at 0°, m which P-- percentage of 
maltose in solution, and T the temperature of 
observation. Brown, Morris, and Millar give 
-|- 137*93°. The value depends on the concen- 
tration as well aw on the temperature. Tho 
initial rotation is la] T) = + 119°. Brown and 
Morris have shown that maltose is first formed 
in this low rotatory modification. 

Maltose reduces Fehling’s solution, 100 parts 
being equivalent to 02 ’5 partB of dextrose 
(O’Sullivan), or 01*9 parts (Brown and Heron, 
Chom. Soc. Trans. 1879, 35, 018). It is inactive 
towards cupric acotate (Barfood’e reagent). The 
donsity of a solution containing 10 grams 
maltoso in 100 c.c. at 15*5° is 1*0393. 

Maltose is hydrolysed on heating with 
mineral acids to two molecules of dextrose. 
Sulphuric acid at 80° attacks it 1*27 times as 
readily as lactose. The weaker organic acids 
are almost without effect except after prolonged 
action. 

Bromine oxidises maltose to maltobionic acid 
(Fischer and Meyer, Ber. 22, 194). This has the 
formula C 12 H 22 0 12 , and is hydrolysed by mineral 
acids to dextroso and gluconic acid. The 
behaviour towards maltase classes maltose as 
dextroso-a-glucosidc, and the following con- 
stitutional formula is provisionally applied : — 


CH 2 (OH)*CH(OH)*ciH*[CH*OH]j*(lH>^A 

OH(OH)*fCH*OH] 2 *CH*CH(OH)*CH 2 ^' u 

1 O — i 


The tompounds of Maltose, — The octonitrate 
(Will and Lenze, Ber. 31, 68) crystallises in 
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lustrous needles, m.p. 163°-164°, 

The octaoetate exists in two isomeric forms. 
Prepared by heating maltose with acetic anhy- 
dride and sodium acetate, it has m.p. 159°-160°, 
[ a ]^_j_03° i n ohloroform. The a-isomcride has 
m.p. 125°, [a] D -f 122° (Hudson and Johnson, 
J. Amer. Chem. Soo. 1915, 37, 1276). 

a- and /Mioptacctylcbloro- and -bromo- 
maltoso have boen described (Fischer and Arm- 
strong, Ber. 34, 2896 ; 35, 840 ; Foerg. Monatsh. 
23. 44). 

a-Methyl maltoside (Foerg, ibid. 23, 44) 
crystallises in slender platgs, m.p. 125°- 127°. 
^-Methyl maltoside (Fisqjier and Armstrong, 
Ber 13, ^4, 2895 ; Konig and Knorr, ibid. 34, 
4343) forms concentrically grouped needles, 
m.p. 93°-95°, [a]^°+ 70°. /3- Phenyl maltoside, 

m.p. 96°, and monthyl maltoside (Fischer, Ber. 
1910, 43, 2521), have also boen described. 

The hvdrawmes are not characteristic. 

The pnenylosazone C 84 H., 2 0 9 N 4 is prepared 
by heating maltose with excoss’of phenylhydra* 
zinc and acetic acid tor H hours on the water- 
bath. It separates after the solution has cooled 
(difference from doxtroaephenylosazone). Ac- 
cording to Fischer (Ber. 17, 679; 20, 821) it 
crystallises in slender bright yellow needles and 
not in aggregates, having m p. 20(>° ; Ost (Chem. 
Zoit. 19, 1503) gives 202°-208°. 

J. L. Bakor states that the osazono prepared 
from his pure maltose had m.p. 195°, and con- 
sisted entirely of characteristic broad priBins, 
resembling ribbons in the microscopic field. 
The stellate aggregates of crystals present in 
the. osazono, from maltose containing traces of 
dextrin, were absent. Maltosazono does not 
form an anhydride 

Maltose-p-brumophenylosazono has m.p. 
198°. The p -n i t rophen y losazone crystallises in 
red needles, m p. 201° (Hyde, Ber. 32, 1815). 

Maltose-p-diammobenzoie acid 

( ' fl Il 3 (CO i 2 H ijuOj 0 

is formed in small quantities on prolonged 
boiling of concentrated solutions of the com- 
ponents. It crystallises anhydrous in plates, 
m.p. 235°, or hydrated with 1 moL H a O in noodles. 
The metallic compounds of maltose are amor- 
phous and ill-characterised. It does not form 
double salts with the alkah chlorides. 

Fermentation.— Maltose is fermented only 
after hydrolysis to dextrose. This hydrolysis 
is effected by maltase, which is present in most 
yeasts but absent in S. Ludwigii , 8. Marxians, 
S. exiguus, 8. menibranoefaciem, somo forms of 
8. anornalus, W. saturnus, and many others. 
Accordingly, those yeasts do not ferment 
maltose. Maltose is also fermented by most 
moulds, and readily undergoes lactic and butyric 
acid fermentation. 

Synthesis .' — Maltose is perhaps formed to- 
gether with womaltose by the action of concen- 
trated hydrochloric acid on dextrose. It is also 
formed 4iy the action of emulsin on concen- 
trated solutions of dextrose (E. F Armstrong, 
Proo. Roy. Soc. 1905, 76 B, 692). In each case, 
however, only amorphous or syrupy* products 
could be obtained. 

Isomaltose (Revertose, Galfisin) was obtained! 
Vol. II— T 


by Fischer (Ber. 23, 3024, 3687) bv the aotion of 
400 grams of cold concentrated hydrochlorio 
acid on dextrose (100 grams) at 10 o -15°. It is 
a viscid syrup, [a]j,+70°, and characterised by 
being non-fermentablo and forming a crystalline 
pkenylosazone, m.p. from 140° to 155°' (Fischer), 
acoordmg to the purity. 

Scheibler and Mittelmeier (Ber. 23, 3075) 
claimed that the galhsin of Schmitt and Cobenzl 
(Ber. 17, 1000, 2456) consists mainly of 
wonmltose. 

Gallisin is found m commercial glucose. It 
may be obtained as a white amorphous deli- 
quescent powder, by treating the unfermentable 
syrup, after evaporation, with absolute alcohol, 
and finally with ether alcohol. It has a slightly 
sweet taste ; is insoluble in ether, slightly 
solublo m absolute ethyl alcohol, more easily 
soluble in methyl alcohol and acetic acid. It 
reduces silver nitrate, and Fekling’s solution ; 
the cupric reducing power of 10‘98 grams = that 
of 5 grams of glucose. It gives no precipitates 
with solution of lead acetate, mercuric chloride, 
ferric chloride, or barium chloride. On boiling 
with dilute acids it is converted into dextrose. 

Subsequently, a large number of products 
obtained m the hydrolysis of starch or of 
glycogen have been stated to bo identical with 
tAomaltosc, but, failing any characteristic deriva- 
tive, definite proof of its presence in such cases 
is lacking [v. Lippmann’s Chemio der Zucker- 
arten). It is possible that gallisin and most of 
these products represent dextrins of low molecular 
weights or admixtures of these with maltoso. 

By the action of maltase on a concentrated 
solution of dextrose, Croft Hill (Chem. Soc. 
Trans. 1903, 83, 578) has obtained a disaccharide 
which he terms Revertose. Possibly this is 
identical with womaltosc. 

By a similar process, E. F. Armstrong (Proc. 
Roy. Soc. 1905, 76, B, 592) has obtained an 
womaltose which, like that obtained by the 
action of acids, is hydrolyBcd by emulsin. 
U’oMaltose is not attaoked by maltase, and the 
behaviour towards enzymes suggests that it is 
dextrose-fl-glucoside. 

According to Gatterbauer (Zeitsch. Nahr. 
Genussm. 1911, 22, 265), the difficultly ferment- 
able part of starch-syrup, formerly termed 
gallisin, consists of a new carbohydrate glucosin 
and small amounts of maltose ; dextrins are 
not presont. 

Glucosin \s isomeric but not identical with 
maltose ; it is a yellowish-white powder, 
hydrolysed with difficulty by beer-yeast, more 
readily by yeast maltase or emulsin, to glucose. 

Dilute mineral acids give glucoBe, with 
concentrated mineral acids the reaction is 
reversible. The pkenylosazone melts at 97°- 
100°, the p-nitrophenylosazone at 240°. 

Cellose ( Cellobiose ) is prepared by hydrolysis 
of the octacetate formed by the action of acetic 
anhydride on filter pappr. 

To prepare the octacetate C x 2 H 14 O n (OC 8 H a ) 8 , 
7 '5 grams of finely divided filter paper are 
shaken with 2<F c.c. acetio anhydride, the mixture 
cooled to 70°, and at this temperature a mixture 
of 7 e.e. acetic anhydride and 4 c.c. concentrated 
sulphuric acid is added. The temperature rises 
to 110°, the product is poured into 600 c.o. water, 
and the amorphous acetate collected, washed, 
anck repeatedly crystallised from 96 g.o. alcohol 
4 * s 
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or from ethylacetate. It iB ultimately obtained 
in colourless needles, m.p. 228°. 

Five grams are moistened with alcohol and 
hydrolysed with 15 p.c. alcoholic potassium 
hydroxide. A granular powder separates : this 
is dissolved in a little * water, excess of alkali 
neutralised with acetic acid, and the solution 
evaporated to a syrup, which, after treatment 
with absolute alcohol and inoculation with a 
crystal, ultimately yields celloso as a colour- 
less microcrystalline powder. It tastes faintly 
sweot, dissolves in 8 parts of cold and 15 parts 
of hot water, and reduces Folding's solution. It 
has [a]^° about +25° when freshly dissolved, 
increasing to +360°. It is not fermentable; 
acids hydrolyse it to 2 molecules of dextrose, as 
also does the crnulsin of almonds 

The phenylosazone forms long yellow 
needles, m.p. 208°-210°, [a]^ -17'5°, soluble m 
135 parts of boding water. 

Hudson and Johnson (J. Amur. (diem. Soc. 
1015, 37, 1275) consider that cellosc is composed 
of two glucose residues united similarly to the 
glucose and galactose residues in lactose. They 
quote an a-octacetate, m.p. 229°, la]^-f 42°, and 
a j8-ootaootate prepared with acetic anhydride 
and sodium acetate, m.p. 202“, M,,- 15° 
On reduction of oeetobromocellose with zinc 
and acetic acid and hydrolysis of the acetyl 
derivative cellobial is obtained, m.p. 175°-17fi°, 
[ajj, + 1°. Emulsin hydrolyses this to glucose 
and hydroglucal (Fischer and Fodoi, Ber. 1014, 
47, 2057). 

Hudson and Dale ( l.c .) give the specific 
rotation in water of tho a- and 0- forms of 
celloso as + 72*0° and -f ](i ()° respectively. 

Gentlobiose is obtained by the action of 
invertase or of very dilute acids on the tri- 
saeeharide gentianoso. It may be piepared 
from old gentian roots in which tins hydrolysis 
has already taken place by extiaction with 
water and removal of the licvulose by fer- 
mentation with top-fermentation yeast. It- 
separates from alcohol in anhydrous crystals, 
m.p. 190°-196°. It exhibits muta-rotation, the 
initial value for [a|“° bemg +9‘6°. It is not 
fermented by yeast. Emulsin, derived either 
from almonds or Aspergilla# ntger, hydrolyses 
j.t to dextrose. The phenylosazone has m.p. 
142°. 

The fi-octacctate, m.p. 195°, (aj^— 6°, crystal- 
lises well, and may bo used to isolate gentiobiose 
from gentian roots or other plant products 
Tho phenylosazonr crystallises in stellate needles, 
m.p. 160°-170°, laJ D -7C°. An iBomende ob- 
tained on heatmg this with acetic anhydride 
and zino chloride has m.p. 188°-189°, L«] D +62 0 . 

Melibiose was first obtained, together with 
laavulose, by the partial hydrolysis of rafhnose 
(Scbeibler and Mittelmeier, Ber. 22, 1078, 23, 
1438) ; this may be effected by dilute acids or 
certain bottom-fermentation yeasts. Bau gives 
the following methods of preparation. 

20 grams of raffinose in 250 c.c. water are 
sterilised and fermented for J day at 30° with a 
pure culture of a top - fermentation yeast. The 
filtrate is sterilised and fermented during several 
days with a further portion of the yeast. t is 


then concentrated, poured into hot alcohol, an<£ 
after cooling, precipitated with ether. This 
syrup, after further treatment with alcohol and 
inoculation, crystallises with difficulty after 
long standing in the cold (cj. also Hudson, J. 
Amer. Ohem. Soc. 1915, 37, 2734). 

Alternatively, 20 p.c. solutions of raffinose 
are hydrolysed by boiling with 2 p.c. acetic acid, 
and concentrated to a syrup m a porcelain 
vessel. This is rubbed with 2 vols. of 95 p.c. 
alcohol, the alcohol decanted, and ether added 
till a cloud appears. After 2 days, this solution 
is decanted from any precipitate, inoculated 
with a few crystals, and set aside m closed 
vessels. • 

Melibiose hydrate OtsH^Oi^HgO forms* 
doubly refractive monoohme plates : • 

\a . b : c= \ : 1-9227 : 2-0124, /3-77-JG°J 
m j). 84"- 85°. The hydrate has [aj“ () + 129"5 0 
as stable value, and shows muta-rotation, the 
initial value, 5 minutes after solution, being 
+ 108". The anhydride has [a|~^-| 143°. It is 
| very soluble in watci, spaiuigly so in ethyl 
i alcohol {Strong acids hydrolyse it to dextrose 
| and galactose : it is slightly more resistant than 
! lactose. It is very sensible to traces of alkali. 

It is reduced by sodium amalgam to melibiositol, 

I a syrup which is hydrolysed: to galactose and 
I mannitol. It is attacked by bottom- and not by 
top-fermentation yeasts, and thus affords a 
means of distinguishing between these two 
varieties of yeast The foimcr variety contains 
I the enzyme melibiase. It is slowly hydrolysed 
by omuisin 

Tho following derivatives are known : 
phenylhydrazone, light-yellow needles, m p. 
145° ; ally! phenylhydrazone, m.p. 197° ; 8- 
liaphthylhydruzone, m.p. 135° ; phenylosazone, 
yellow needles from toluene, m.p. 178°-] 79". 
This dissolves in 110 parts of boiling water, and 
interacts with benzaldehyde to form rncli- 
biosone. The p-bromophenylosazone has m.p. 
181"-182°. The octaeetate has m.p. 177°, 
L°Jj,+ 192°. 

Melibiose was the first natural disaccharido 
to be obtained synthetically (Fischer and Arm- 
strong, Ber. 35, 3144). It was prepared by the 
interaction of acetochlorogalactose with dex- 
trose. 

Trehalose {mycose, Irehulubiosc) was origin- 
ally discovered in ergot, and has since been 
proved to be very widely distributed in fungi 
(Bourquelot). It apparently replaces sucrose 
in those plants winch contain no chlorophyll and 
do not manufacture starch. Trehalose was 
found in 142 out of 212 species investigated, but 
ouly in certain parts of the fungus and at certain 
stages of the vegetative period. The quantity 
is a maximum just before tho formation of 
spores. When fungi are picked, trehalose is 
rapidly converted into mannitol, and after a few 
hours it has entirely disappeared. The trehala 
manna from Syna and Persia is stated to con- 
tain 20 p.c. of trehalose. To prepare trehalose, 
suitable fungi (particularly Agarieus and Boletus 
species) are boiled with much strong alcohol 
immediately after picking. It was found as an 
incrustation on flowers of Carex brunescens 
(flowering rush) after a sudden sharp July frost 
(von Lippmanh, Ber. 1912, 45, 3431). 
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' Trehalose C ia H a2 0„,2H # 0 oryStallises in 
lustrous glass-like rhombic prisms 

[a : b : c=0 6814 : 1 : 0*4171 ; /3=111° 31'] 
m.p. 97°. It becomes anhydrous at 130°. It 
has [o] 20 -f 178° for the hydrate and +197° for 
the anhydride, without any muta-rotation. 

Acids hydrolyse it to 2 molecules of dextrose, 
but according to Winterstcin, only with con- 
siderable difficulty, and it contrasts markedly in 
this respect with sucrose. 

It does not reduce Fehlmg’s solution or form 
a phenylosazone, and has the formula 

, - *0 i 

CH 2 (()H)-CH(()H)'CH(dI(OH)-CH(()H)t!H 

CHo(OH)X!H(OH) , (!H C ~ 


5H(OH)’CH(()H) 

0 1 


Tt is not hydrolysed by mvertase and most 
enzymes, but is affected by a special enzyme, 
named trehalase, present in most fungi, iuou\jIs, 
and some yeasts, and conveniently prepared 
from Aspergillus tiiger. Accordingly, trehalose 
is fermented by thoso yeasts which contain 
trehalase It forms few derivatives : tho 

octanitrato lias m.p. 124 L> , l a 1 73*8^ ; the 
octacotate has m.p 97°, [a| D +162°; the tetra- 

benzoate, m p. 81°— 83° 

Turanose t! 12 Haa^n obtained from the 
trisaocharidc melozitosc, together with dextrose 
on hydrolysis with 20 p.c acetic acid solution. 
Tho (lcxtroso is destroyed by yeast, and tho 
turanose isolated from an alcoholic extract of 
the residue in transparent non-cryBtallme 
rounded grains of the composition 
<'i2H M 0 11 *J<J,ll,0. 

They melt at 60'’-65°, lose their alcohol at 100 J 
and yield tho pure sugar [«!,-,+ 7 T 8° without 
muta-rotation (Tanrot, Compt. rend. 190b, 142 
1424). f <A 

Turanoso has a reducing power of 00 
(dextrose-- 100), and is hydrolysed by mineral 
acids to an equal molecular mixture of dextrose 
and la 1 vu lose, and not to dextrose only, as 
originally stated by Alekin (Ann. ('him. Phys. 

1 6] 18, 532). Invertase, maltase, emulsin, and 
diastaso are without action. The phenylosazone 
has m.p; 215° 220° (Fischer, Ber. 27, 2480). It 
thus differs from sucrose in containing a free 
aldehydic group. 

Other Less-known Disaocharides. 

Glucoapiose ClnHgoOu, is contained m the 
glueosido apiin. It has not yet been isolated, as 
hydrolysis of apun by dilute acids yields only 
apioso and gluco-apigenin, and enzymes are 
without action. 

Galacto-arabinose was obtained by Ruff and 
Ollendorf (Ber. 32, 352 ; 33, 1800) by oxidation 
of laotobionlc acid from lactose. It is a dextro- 
rotatory syrup : the phenylosazone has m.p. 238°. 

Glucoxylose. By hydrolysis of the glucoside 
dibenzoylglucoxybse, occurring in Daviesia lati- 
folia, the carbohydrate glucoxylose C^H^Oh), 
is produced as an amorphous horny mass, very 
soluble in water (Power and Salway, C^em. Soc. 
Trans. 1914, 106, 767, 1062). It has [a] D -36°, 
does not reduce Fchling’s solution,’ and does not 


01 

give an osazone. Acid hydrolysis yields gluoose 
and xylose. Its constitution is therefore given 
as : — 

CH 2 (OH)-CH(OH):CH^GH(OH)]j^H- 

o— CH-[CH(OH)]*-CH-CH 2 (OH) 

“ — -o - 

Strophantobiose C 12 H 22 O 10 is obtained in the 
form of the methyl- derivative from tho glucoside 
strophantm (Fiest, Ber. 31, 535 ; 33, 2063, 
2069, 2091). It forms colourless crystals, m.p. 
207° ; does not reduce Fehling, and is not for- 
mentable. Acids hydrolyso it to mannose, 
rhamnose, and inotliyl alcohol. 

vicianose C n H 20 O 10 is prepared by Ber- 
trand and Weiswciller (Compt rend. 1910, 150, 
180) by hydrolysing the glueosido in tho seeds of 
Vicia any tish folia by the enzyme occurring in 
them. It crystallises in aggregates of small 
noodles, m.p. about 210° ; has [a 20 ] +39 ’7°, the 
initial valuo being much higher. It reduces 
Folding, and is converted into dextrose and 
arabinoso on hydrolysis. 

Diglucose from amygdalin. Whon amyg- 
dalm is hydrolysed by the digestive ]uioo of 
lidix pomalm, tho first product is a bioso ob- 
tained as ail amorphous powder. This is non- 
fermcntuble, and does not reduce Fehling s 
solution : it probably has a constitution re- 
sembling that of trehalose ((Jiaja, Compt. rend. 
1910, 150, 793-796). 

Tkisaccharides. 

Mannotriose C^HaaOio i« obtained by the 
action of either mvertase or acetic acid on 
mannotetroso (stachyose). It is a colourless, 
faintly sweet crystalline substanco, m.p. 150° 
[a] +167°. It reduces Fehling’s solution. 

Bromine oxidises it to mannotrionic acid, which 
is hydrolysed on warmmg with acids to 2 mols. 
d-galactose and 1 mol. gluconic acid. It is 
slowly hydrolysed by emulsin and by some 
yeasts, and is then fermented, but whether 
completely so is not known. 

The phenylosazone has m.p. 192 -194 , 
according to ‘Neuberg, and 122° as given by 
Tanret. Bierry (Compt. rend. 1911, 162, 465) 
confirms m.p. 122°- 124°. 

Rhamninose C+HaA* is only obtained from . 
the glucoside xanthorhamnm present in the 
Persian berry ( Rhamnua infer tor ia). In addi- 
tion to tho glucoside, the fruits contain an 
enzyme, termed rhamninase, which hydrolyses 
it to the trisaccharide and rhamnetin. Rhamni- 
noso forms colourloss crystals of faintly sweet 
taste, m.p. 135°-140°, H D -41°; it reduces 
Fehling’s solution. Acids hydrolyso it to 
galactoso and 2 molecules of rhamnose. Sodium 
amalgam reduces it to the alcohol rkamnmitol 
[a] —57°, which is hydrolysed by acids to 
dulcitol and 2 molecules of rhamnose. Bromine 
oxides it to rhemninonic acid bi t> ll 3 2 0 16 , which 
is obtained, mixed with its lactone, as an amor- 
phous substance ; m.p. 126°, [aJ^—94’3 0 . It is 
hydrolysed to d-gala*tonio acid and rhamnose. 
This behaviouif points to the two rhamnose 
ited in the trisaccharide, but this 


residues being unL - — - 

dis^cl^ride has not been isolated, 


Rhamninose 
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is not fermentable, and enzymes are without 
notion. The octaoetate has m.p. 96°, [a] D - 31°. 

Gentlanose C 18 H 88 0 1B is found in the roots 
of a number of gentians, from wliich it is pre- 
pared by extracting tho„fresh roots with 95 p.c. 
alcohol. It crystallises in colourless plates, 
m.p. 209°-210°, tastes faintly sweet, and lias 
[a]j)"j-31'2° to 4-33*4°. 

It does not reduce Fehling’s solution, but is 
hydrolysed by acids to lrevulose and 2 mole- 
cules of dextrose, tho final product having 
[ajjj— 20*2°. The enzyme invertaso hydrolyses 
it to lsevuloso and the disaecharide gentiobiose, 
that of Aspergillus niger converts it mto dextrose 
and sucrose. 

Raflinose (also tormod mclitosc, gossypose, 
mehlnosc) C I8 H4 2 0 1B was first discovered by 
Johnston in 1843, m the manna from Kucalyptu 
manmfera, found in Tasmania. It is often 
found in considerable amounUin the sugar beet, 
where it was discovered by Loiseau ; Ritthausen 
found it m ootton-secd cake ; it is also present, 
in wheat and in oats. To prepare raflinose from 
molasses, strontium oxide is added until a mole- 
cule is present for every molecule of sucrose 
After some hours, the strontium saccharate 
formed is separated by filtration and the liquid 
heated with excess of sfrontia, whereby the 
raflinose distrontionato is precipitated. The 
strontia compound is decomposed by earbon 
dioxide, the solution concentrated, and tho 
process repeated to remove most of the sucrose 
The syrup finally obtained is dissolved m hoi 
alcohol ; the product which separates on cooling 
is kept under alcohol in a closed vessel, when 
raffinoso slowly crystallises. 

According to Hudson and Harding (J Amer. 
Chem. Soc. 1914, 30, 2110), cotton-seed meal is 
extracted with water, and, aftor purification, the 
solution is evaporated and barium hydrate 
added. The barium raffinate is powdered and 
washed with mothyl alcohol. The barium com- 
pound is suspended in water and decomposed 
with the exact amount of 60 p.c. phosphoric 
acid. Tho filtrate is completely freed from 
barium by sulphuric acid, and concentrated in 
a vacuum, seeded with raflinose hydrate and 
left to crystallise. The yield is 4-5 p.c. of 
the weight of cotton- seed meal employed. 

Raffinose forms small needles, soluble in 6 
parts of water at 10° ; it is less soluble in 
ethyl alcohol than sucrose. It is difficult 
to recognise when it crystallises with sucrose. 
The hydrate melts at 80°, the anhydrous 
forms at 118°-119°. The optical rotatory 
power [a) K is -fl04° without rauta-rotation. 
It has no reducing action, and behaves exactly 
as sucrose. Dilute mineral acids hydrolyse it 
to laevulose and meliboso : strong acids yield 
a molecule eaoh of laevulose, dextrose, and 
galactose. Invertase converts it into lnevulose 
and melibiose, emulsin hydrolyses it to sucrose 
and galactose. Accordingly, the formula is 
established as : 

C a H n O 8 -0-C 6 H 10 O 4 -O— - < C 8 H 11 0 6 

LwvuloBe. Dextrose. Galactose. 

Sucrose. Melibiose. 

The undeca-aoetyl derivative has m.p. 100°, 
[^d-92 0 . 

The analysis of raflinose in admixture with 


olosely related sugars may be effected by means 
of selected enzymes. For details of the method, 
see Davis (J. Soc. Chem. Ind. 1915, 36, 201). 

Melezitose ( melieitose ) C 1? H 88 0 16 ‘2H 8 0, is 
found in Brian^on manna, which is obtained as 
an exudation from tho young twigs of the larch 
(Abies tarix ; Fr. Mcltze). The manna from the 
Douglas fir consists mainly of melezitose 
(Hudson and Sherwood, J. Amer. Ohem. Soc. 
1918, 40, 1456). It was investigated by Berthe- 
lot (Ann. (Uiiin. Phys. [3] 55, 282) and by 
Alekhine (t bul [G] 18, 532). It is found also 
in turambin or teienjabine, an exudation from 
Alhagi maurorum, growing in Afghanistan, 
Persia, and in the deserts of the East, and used 
in Northern India as a laxative (Villiers, ibid! 
T51 12, 43). This substance is a bro^m, semi- 
solid mass, of a slightly sweet taste, due mainly 
to tho presence of dextrose. To obtain melezitose 
from this product it is floated with four 
times its weight of lukewarm water, and the 
liquid passed through a sieve to separate husks, 
loaves, &c., and after standing to allow of the 
deposition of earthy matter, it is evaporated to 
half its bulk. On standing for a few days, tho 
groater part of the melezitose crystallises out. 
The crystals are redissolved m twice their weight 
of hot water, the solution heated on the water- 
bath, diluted with its own volume of alcohol, 
heated to boiling to separate earthy and co- 
agulable matter, and filtered whilst hot. On 
cooling, melezitose separates out and may be 
obtained pure by two or three reerystallisations. 
It forms largo rhombohodral prisms 
C 1 *H«O l t.2H a O 

which effloresco m air and become opaque ; they 
lose the whole of their water at IK) 0 . Dehy- 
drated melezitose has m.p I48°-150° ; 100 pts. 
of water dissolvo of anhydrous melezitose 26*8 
pts. at 17.5° ; 34*4 pts. at 25" ; 75*0 pts. at 100° ; 
sparingly soluble in alcohol, insoluble m ether. 
Tho rotatory power is [a] D p88*5°. Melezitose 
yields no crystalline compounds with alkaline 
chlorides. On boiling with dilute sulphuric acid 
it yields turanosc and dextrose, the rotation 
falling to -f63°. It has no action on an 
alkaline solution of copper, and is unchanged 
by diastase or yeast. Nitric acid transforms it 
into oxalic acid without the intermediate 
formation of rnueic acid. It does not mteract 
w'lth phenyl hydrazme. The undeca-acetato 
Ci8H 2 iO ie (OC a H 3 ) n erystallisos in shining mono- 
clnnc prisms, m.p. 170°, [a]^°4-110‘4°. 

Stachyose (Mannotrlrvse, Lvpeose) C 24 H 48 0 81 
was discovered by Schulze and Planta in the 
tubers of Stachys tubifera, and thought to be a 
trisaccharido. Tanret obtained it from ash 
manna, and termed it mannotetroso. It has also 
been found in the twigs of white jasmine and in 
the subterranean parts of Lamium album. It 
constitutes from 60-75 p.c. of the dry matter of 
the stachys tubers. The tetrahydrate crystal 
Uses in lustrouB hard doubly refractive colourless 
platos (a :b: c = 1*0512 : 1 -.0*4213, y=90° 46'). 
It tastes quite sweet and dissolves at 13° B in 0*76 
part of water. The anhydride has m.p. 167°- 
170°, [a] D 4- 148°, without muta-rotation ; the 
hydrate h^s [a] p -f 133°. 

Stachyose is not acted on by Fehling’s solu- 
tion or by alkali*. Acetic acid hydrolyses it 



CARBOHYDRATES. 


to lffivulose and mannotriose. Sulphuric aoid 
converts it into 4 monosaccharides, viz. : 1 mole- 
cule laevulose, 1 molecule dextrose, 2 molecules 
galaotose. By the action of nitric acid, about 
38 p.c. of mucio acid is formed. Invertase 
hydrolysos it to lrevulose and mannotriose, 
which latter is slowly attacked by tho ernulsm 
of almonds or of Aspergillus niger. 

According to recent work of Schulze, staohy- 
oso is probably identical with the carbohydrate 
lupooso, presont in Lupinns lufeus and nnqusti - 
Johns, aB lupeosc has [aJ^T 148°, and gives the 
Rarne products on hydrolysis. 

Ncuberg (Biochora. Zoitsch. 1910, 24, 173) 
.prepares it by pressing the juice from the tubers, 
precipitating impurities with mercuric acetate, 
removal of tho metal by hydrogen sulphide, 
neutralisation with ammonia, and concentration 
to a syrup, which is precipitated with alcohol 
Tho precipitate is dissolved in water, impurities 
precipitated with phosphotungstie acid, and 
the filtrate concentrated. Barium hydroxide 
and alcohol are added alternatively. After 24 
hours, tho barium salt is collected, washed with 
alcohol, and decomposed by carbon dioxide. 
Reducing sugars are removed by this treatment 
and the stachyose readily crystallises 

Poli/armjloses have been obtamod from 
potato starch paste by the action of Bacillus 
Macrrans (Schardmger, Ohem. Soc Abstr. 
1912, i. 181 ; Prmgsheim and Langhans, Ber. 
1912, 45, 2533). Tetia-amyloso (0 6 PJ, 0 C> 6 ) 4 or 
o-dextrin crystallises# in colourless hexagonal 
plates, [aj^-t-128 0 , hexa-amylose or 0-dextrm 
forms rhombic crystals, [nl J( + 130°. On acetyla- 
tion hydrolysis of the dextnns takes place, 
and from the, acetyl derivatives formed diamylose 
and triamylosc were obtained These crystal- 
lise in needles, and do not reduce Fehiing’s 
solution. Rice starch gives similar definite 
polyamyloses on degradation (Prmgsheim, Ber. 
1914, 47, 2505). 

PoLYSAOOH ABIDES. 

Glycogen (C fl Hi 0 O 6 )«, the reserve carbo- 
hydrate of tho animal organism in which it 
appears to take the place of starch, is a regular 
constituent of all developing cells. It is present 
in the liver up to 10 p e. and in muscle. 

Preparation . — Liver is linely minced and 
thrown into boiling water acidiiied with acetic 
acid. The coagulated protoins are filtered off, 
and the remaining proteins precipitated from tho 
filtrate with tnchloracetio acia or potassium 
mercuric iodide (Brucke’s reagent). Glycogen 
is precipitated from tho filtrate with alcohol. 

Fresh finely minced liver is extracted for 
2 hours with boiling 60 p.c potassium hydroxido. 
An equal volume of 95 p.c. alcohol is added to 
the clear filtrate, containing 15 p.c. KOH, and 
the precipitated glycogen washed with a mixture 
of 15 p.c. *KOH and 2 vols. of 95 p.c. alcohol. 

It is purified in cither case by solution and 
reprecipitation with alcohol, and obtained as 
an amorphous snow-white powder fo] D +191°, 
soluble in cold water, giving an opalesoont 
solution. It is not fermentable, does not reduoe 
Fehling’s solution, and is not acted on by alkali, 
even by concentrated solutions at tho boiling- 
point. With iodine it gives’ a brown-red 


colouration. Acids hydrolyse it ultimately to 
dextrose, but dextrins and maltose are formed 
as intermediate produota. Diastase derived 
from either plants or animals also converts it 
into dextrins and maltose { see Tebb, Joum. of 
Physiol. 1898, 22, 423).* 

Glycogen may bo obtained from yeast free 
from nitrogen, yeast-gum, and ash (Harden and 
Young, (Jhem. Soc. Trans. 1912, 101, 1928). Tho 
crude preparation from yeast is freed from nitro- 
gen and aRh by repeated solution in water and 
repreoipitating witn alcohol ; tho yeast-gum is 
removed by dissolving the crude glycogen in 
water and saturating with ammonium siuphate 
several times. The last traces of ash are removed 
by several reprecipitations from water by 
alcohol. 

To cstimato glycogen, the tissue is minced 
and boiled 2-3 hours with 30 p.c. potassium 
hydroxido. The solution is diluted, filtered, and 
precipitated with alcohol. The glycogen is 
again dissolved in dilute alkali and precipitated 
with alcohol. Kinally it iB dissolved in wator 
and estimated by hydrolysis with acids into 
doxtrose (1 part — 0’927 part glycogen) or 
with the polarimeter. 

A 5 p.c. solution of sterilised glycogen 
treated with a potato culture of Bacillus 
inacerans at 37° C. gave two crystalline cyclic 
polysaccharides (dexlrin-P- or fr-hexa-amylosa 
(25 p c ) and dextrin- a- or letra-amylose (75 p.c.)). 
See Prmgsheim and Lichtenstein, Ber. 1916, 49, 
364. 

Inulin. Inulin is widely distributed as a 
reserve material in plants having tubers or 
tuberous or fleshy roots, particularly in the 
autumn in dahlia luben, Jerusalem artichoke, 
chicory, garlic, onions, and other plants and 
bulbs. 

To prepare it, a mash is made of the ripe 
tubers, a little calcium carbonate is added, and 
tho mixture extracted with boiling water. The 
filtrate is frozen and tho sediment which separates 
dissolved in hot wator and again frozen. Tanret 
advises precipitation with barium hydroxide, de- 
composition of this precipitate with carbon 
dioxide and subsequent procipitation with 95 p.o. 
alcohol 

Inulin, precipitated by alcohol, is a compact 
colourless powder, resombling starch. Tho 
molecular composition is uncertain, as the 
ordinary methods do not yield trustworthy 
results. Kiliam giveB (C 6 H l0 O 6 )g,H 2 O ; 
Brown and* Moms, (C 6 H 10 O 5 ) 12 ,2H 2 O ; Dull, 
(DbH j () 0 5 ) l8 ,H 2 0 ; Tanret, (C 8 H 10 O B )3(j,5H 2 O. 
It melts at 178°, having [a] D — 38° to —40°, sp.gr. 
about 1*5. In cold water it is sparingly soluble, 
but very soluble in hot water, and readily forms 
supersaturated solutions. It is procipitated by 
alcohol, when the percentage of alcohol in the 
liquid roaches 65. 

The barium salt CagH^Oj^BaO (Tanret,' 
Corapt. rend. 116, 415J is insoluble. 

Inulin is hydrolysed Hby boiling the aqueous 
solution under pressure, by dilute acids, and 
also by tho» enzyme inulase, discovered by 
Reynolds Green, which is usually prosent in the 
same plant when in the germinating condition, 
but inert in the resting Btage. In every case, 
lsevulose is the* sole product of hydrolysis. 
Yeasts are without action. * 

# \ number of products are described as 
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Isevulins and laevulans, whioh probably re- 
present polymerides of lsevuloso of lower mole- 
cular weight than inulin. 

Manna is the dried saocharine exudation 
from the Btem of the flowering ash. Fraxinus 
ornus and F. rotundifoKn, small trees cultivated 
for the purpose in Sicily. A vertical senes of 
oblique incisions is made in the bark when the 
troes are about 10 years old, the juice Blowly 
exudes and cither dries on the stem (flake manna) 
nr in wet seasons drops from the trunk, where it 
is caught upon tiles or cactus leaves, yielding an 
inferior variety. Flake manna is obtained in 
commerce in brittle stalaetitic pieces, about 
4-0 inches long and 1 inch wide. It is yellowish- 
white in colour, has tf slight agreeable odour and 
a sweet taste. It is usod as a gentle laxative for 
infants and children. 

It consists principally of mannitol (70 -SO 
p.c.) : other constituents are mannotetrose (12- 
lb p.c.), mannotrioso (0-10 p.c.) which is formed 
from mannotetrose, and small quantities of 
hexoses 

. The term is not restricted to the ash, and a 
number of saccharine exudations of varying 
origin and composition are classed as ‘ mannas.’ 
Amongst these are the Persian and Turkestan 
manna, derived from Alhayi mavroium or earne- 
lorum ; the tamarisk manna, also of Persian 
origin, from the Tamara ijalhra ; oak manna, 
procured from Querent w Ionia and Quercns 
perdem in Kurdistan ; Australian manna, 
Eucnhfplm viminahs ; Brianyon manna, from 
the larch, Larix enropceu m Southern France ; 
Astragalus manna, from various species oJ 
astragalus in Persia. 

Authorities. — E. von Lippmann, Die (Jliemie 
dor Zuckerarten, 3rd e<l, 1 f >04 ; L. Ma- 
quenne, Lea Sucres et lours prmeipaux d^rivi's, 
Paris, 1 900 ; E Frankland Armstrong, The 
Simple Carbohydrates, London, 1919; E. 
Fischer, Untersuchungen ubor Kohlenhydrate, 
1884-1 90S, Berlin, 1909. K. F. A. 

CARBOLIC ACID. Phenol C e H 6 *01I. 

Occurrence and Formation. — Carbolic acid 
occurs in small quantities in castoreum (Wohler, 
Annalon, 07, 300), in urine (Stadcler, ibid. 77, 
18), and is a constant product of the putrefaction 
of albumen (Baumann, Bor. 10, 085). It is 
formed whim organic substances are strongly 
heated, and is contained in the tars obtained by 
the dry distillation of bones, wood (Duclos, 
'Annalen, 109, 103), shale (brown coal), and coal 
(Rungo, Pogg. Ann. 31, 69 ; 32, 308 ; Laurent, 
Ann. Ohim. Phys. [3] 3, 195). 

Tho tar produced in gas manufacture was 
until the late war the chief source of carbolic 
acid. Owing to the demand for carbolic acid 
as a disinfectant and for the manufacture of 
dyes and explosives, it has become usual, in tar 
distillation, to collect a special fraction, the 
‘ carbolic oil ’ containing as much carbolic acid 
as possible before collecting the ‘ creosote oil,’ 
which contains tho othA phenolic constituents 
of coal tar. The ‘ carbolic oil ’ begins to come 
over when the specific gravity of tho distillate 
attains that of water. According to Watson 
Smith (Ohem. Soc. Trans. 1886, 21), ordinary 
Lancashire coal tar yields about 5 p.c. by 
volume of crude phenols, containing 65 p.c. by 
volume of carbolic^acid crystallisable at ordinary 
temperatures. 


Ooke oTjens are now constructed so that the 
tar produced during the coking of coal can be 
collected ; tho following data, having reference 
to the percentage of carbolic acid in such tars, 
are given by Lunge (Coal Tar and Ammonia, ed. 
1909), which has been largely drawn upon in the 
compilation and revision of this article : hp says, 

‘ The tar from Hussoner’s modification of the 
Carves oven gave 13 7 p.c. of pure carbolic acid ; 
the tar from the Simon -Carvfes oven gave 0 - 06 
p.c. of crude carbolic acid ; and similar ovens 
working with another kind of coal and at higher 
temperature gave 0-305 p.c. of crude acid. 
The tar collected from blast furnaces, working 
with coal (raw) and also that obtained from 
Mond and Dull producers, contains a high 
percentage of phenolic constituents^ but the 
quantity of carbolic acid present is very small.’ 

Carbolic acid can be obtained by fusing 
potassium benzencsulpliornito with caustic pot- 
ash ; the yield is proportional to the tempera- 
ture and quantity of alkali employed, and is at 
best (90 *23 p.c. of that, theoretically possible), 
when 1 mol. prop, of the formei is fused with 
0 mol. props, of the latter at 252°. Caustic 
soda cannot be employed instead of potash, 
since only a poor yield is obtained by its use 
(l)egonerj 7 pr. Cheni. |2] 17. 394. 

Carbolic and can also be obt ained by heating 
the diazo- compounds of benzene with water. 

Preparation — Carbolic acid is almost ex- 
clusively obtained from coal tar, and is worked 
up either from the special fraction known as 
‘ carbolic oil ’ or from the oils intermediate in 
specific gravity (sp.gr.- 1-000 1*020) between 
the light, and heavy oils, that is, distilling between 
170" and 230°. The and is present also m the 
creosote oils, distilling between 240° and 270°. 

The preparation of carbolic acid from coal tar 
is etfeeted by washing the oils obtained on dis- 
tilling the tar with a solution of caustic soda, 
sp.gr. 1*075 1-100, when the tai acids are dis- 
solved as sodium compounds and form a heavy 
solution upon winch the now neutral oils float.. 
It is not. advisable to use a stronger solution of 
caustic soda, as in that case a considerable 
quantity of naphthalene would also be dissolved. 
If it is desired to extract carbolic acid only, 
without any of tho higher homologues, the oils 
are often washed fractionally. For example, a 
quantity of caustic soda solution more than 
enough to extract all the carbolic acid but in- 
sufficient to take up all the crosylio acid, is 
employod, and tho phenate of soda solution 
drawn off is used to wash another portion of oil 
when the cresylate of soda is decomposed and 
the crosylic acid is replaced by carbolic acid, and 
a solution consisting almost entirely of carbolate 
of soda is obtained. 

Another method, suggested by Davis, is to 
omploy, for the first wash, only one-third of the 
quantity of caustic soda required to extract all 
the tar acids when carbolic aeul only is extracted. 
In many works, however, the whold of the tar 
acids contained in the light oil, carbolic oil, and 
creosote oil fractions are extracted, and after 
separating tho tar acids in one of the ways about 
to lie described, the mixture of carbolic and 
cresylic acids obtained is separated by fractional 
distillation. The phenate or carbolate of soda, 
drawn off from the oil is, in many oases, first 
purified by blowing steam through it. This 
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carries away naphthalene, neutral oils, and 
pyridine bases, and the blowing with steam is 
continued until the water condensing from the 
escaping steam ceases to have a milky appear- 
ance. The purified phenate of soda is then 
treated with an acid to decompose it and set 
free the tar aeuls which float on tho surface and 
are either skimmed off or are separated in an 
apparatus similar to a Florentine receiver. 

Formerly the decomposition was almost 
always effected by sulphuric or hydrochloric 
acid,’ m which caHc the soda was lost as sulphate 
or chloride, which it did not pay to recover. 
Tho more common practice to-day, however, is 
to use carbon dioxide to effect the decomposi- 
tion. If this is used under pressure, complete 
decomposition is said to be effected, but more 
generally the process is completed by the addition 
of a small quantity of sulphuric acid ; this is the 
more necessary, as both carbolic acid and 
carbolate of soda are mutually soluble in each 
other. 

The separated solution of sodium carbonate, 
which coni; ms about J p c. of carbolic acid, is 
recausticised with lime and is used over again 
to wash another quantity of oil. A twofold 
saving is thus effected, in that the loss of the 
soda is avoided and also the carbolic aotd which 
remained dissolved m the sodium sulphate or 
chloride solution, and was run to waste, is nov 
recovered, inasmuch as it goes forward with the 
regenerated caustic soda and is regained m the 
next washing operation. The crude carbolic 
thus obtained contains, besides phenol (carbolic 
acid), about J4 to lb p c. of water and variable 
quantities of eresyhc acid ft occurs in com- 
merce in three qualities, known as 75 s, M’s, and 
60's crude carbolic acid, and its value is deter- 
mined by ‘Lowe's’ test. This is performed as 
follows: 100 e.e. of the crude tar acid is slowly 
distilled in an S-oz. glass retort, and the lecevver 
is changed when 10 e.c. of oil have come over; 
these 10 c.e. are accompanied by a varying 
amount of water, and by reading the quantity 
of water obtained, tho percentage of water is 
ascertained. The distillation is continued until 
02 1 c.c. have collected in the graduated tube 
which is used as a receiver ; the distillation is 
then stopped. The (>2| c.e. are then cooled, and 
a minute crystal of puro phenol is dropped into 
the tube, and tho cooling continued until the 
contents begin to crystallise. The temperature 
is noted when the crystallisation appears to 
spread through the tube, and this is the measure 
of the quality of tho carbolic acid. 

Tho preparation of pure carbolic acid from 
the crude article is always commenced by a 
distillation in wrought-iron stills, formerly 
without a column, but at the present day 
fractionating columns are almost universally 
employed. The water comes over first and then 
the carbolic acid, which is collected apart, so 
long as it crystallises on cooling. Some un- 
crystalliBablo acid comes over next, and tho dis- 
tillation is then stopped and the residue is 
mostly pitch. 

In some cases, a little strong sulphuric acid 
and potassium dichromate is added to the con- 
tents of the still. The condensing worm must 
be made of zinc, silver, or stoneware. The 
distillate is allowed to cool and crystallise, and 
the crystals are drained frormthe liquid portion, 


either on a drainer or in a centrifugal machine. 
Tho liquid portion is either sold as liquid carbolic 
acid or is worked up again with the next batch. 
The drained crystals are treated with a small 
quantity of concentrated sulphuric aoid and 
potassium dichromate* and redistilled, when 
‘ pure ’ crystallised carbolic acid of commerce is 
obtained. In somo cases the separation of the 
last traces of cresylic acid is effected by adding 
a small quantity of water, and the mixture is 
cooled, when a hydrate of carbolic acid crystal- 
lises out ; this is separated from the liquid 
portion, which contains tho cresylic acid and 
the crystals are redistilled. Water comes over 
first, and then the boiling-point rises and pure 
carbolic acid distils over. For medicinal 
purposes, a final distillation in glass retorts is 
performed. 

Properties. — Pure carbolic acid crystallises 
in long, colourless needles ; has a characteristic 
odour ; melts at 42*5° or 43° and boils at 178*6° 

. (Choay, Co nipt. rend. 118, 1211); Lunge (Coal 
Tar and Ammonia, 1009 ed. 210), gives m.p. 
42*2° and b.p. 184° under 700 mm. pressure. 
Ordinary pure carbolic acid of commerce, 
which con fains traces of oresols, melts at a some- 
what lower temperature and boils at 182° to 
184°. The specific gravity of carbolic acid at 
18" is 1*005 (Laurent); its expansion for tem- 
perature 1° at 700 mm. pressure is stated by 
Jl. Kopp as follows: — * 

\t -1+0 *00007441 -j- 0 *00000 1 7 2 1 f 2 

- 0 00000000050408** 

Tho presence of small quantities of im- 
purities such as water, naphthalene, or pyridine, 
materially lowers the melting-point. The red 
colour of ordinary commercial acid seems to bo 
induced by the presence of minute traces of 
metals, particularly lead (Meyke, Ber. 10, 2513 ; 
r/. however, Ebell, ibid. 17, Reforate 09 ; 
Hager, ibid. 18, Roferate 114; Yvon, Pharm. 
J. Trans. J881, 1051 ; Richardson, J. Koo. Chom. 
Ind. 12, 415; Bach, Mon. Sci. (A), 8, 608; 
Kraomcr and Spilker, Ber. 1890, 048). Carbolic 
acid is a deliquescent substance, and in damp 
air forms a hydrate C # H 6 *OH,H a O, which 
melts at 17*2° (Allen, Analyst, 3, 319). At tho 
same time, however, it is not very readily 
soluble in water, 100 parts of water dissolving 
4 83 parts at 1 1° ; 5*30 parts at 36° ; 0*19 parts 
at 46° ; 7 ‘33 parts at 58° ; 11*83 parts at 77°, ; 
and at 84° both liquids mix in all proportions ; 
whilst conversely, 100 parts of phenol dissolve 
23*3 parts of water at 9° ; 20*76 parts at 32° ; 
31*99 parts at 63°; and 40*72 partB at 71° 
(Alexejeff, Ber. 10, 410). According to Ham- 
berg {ibid. 4, 751), however, it dissolves in 15 
parts of water at 1C°-17°. It is soluble in all 
proportions in alcohol, ether, benzene, glacial 
acetic acid, glycerol, olive oil, chloroform, carbon ( 
disulphide, &c. The aqueous solution becomes 
coloured violet by ferric chloride and is without 
action on litmus. According to Kramers, a 
mixture of benzone, toluene, xylene, naphtha- 
leno, anthracene, and phenanthrene, is obtained 
when the vapour of carbolic acid is passed 
through a red-hot tube (Annalen, 189, 129). 
Two isomeric monqnitrophenols are obtained by 
the action of dilute nitric acid (sp.gr. 1*34) 
(Fritzscho, ibid. 110, 150) ; and at a lower tem- 
perature, the para - and at higher temperatures 



50 


CARBOLIC ACID. 


the ortho - derivative appear to be chiefly formed 
(Goldstein, Ber. 11, 1943). By the further 
action of nitric acid, dinitrophenol (Kolbc, 4, 
147, 67), and trinitrophenol (picric acid) (Schmitt 
and Glutz, ibid, 2, 52), result.. 

Chlorine (Laurent, Annalen, 23, 60, 43, 209 ; 
Faust and Muller, ibid. 173, 303; Benedikt, 
Monatsh. 4, 233 ; Benedikt and Schmidt, ibid. 
4, 606) and bromine (Korner, Annalen, 137, 
200, 205, 208, 209, 210 ; Hubner and Bronken, 
Ber. 6, 171) convert carbolic acid at the 
ordinary temperatures into mono-, di-, and tri- 
substitution derivatives, and at higher tempera- 
tures or m the presence of halogen carriers, such 
as antimony pentachloride, &e., into tetra- and 
penta- derivatives. The nitro-, chloro-, and 
bromo- derivatives of carbolic acid are fairly 
strong acids, and the acid character increases 
with the number of nitro- groups or chlorine or 
bromine atoms introduced into the molecule. 
Iodine yields mono- and di- derivatives in the 
presence of mercury (Hlasiwetz and Wesclsky, 
Ber. 2, 524) or iodic acul (Korner, Annalen, 137, 
213). Sulphuric acid converts carbolic acid 
into two isomeric monosulphonic acids (K elude, 
Zeitsch. f. them. [2] 3, 107), of which the ortho- 
acid is the chief product at the ordinary and the 
para- acid at higher temperatures. When heated 
with ammonium zinc chloride at 280°-300 1 ’, 
carbolic acid yields aniline, together with di- 
phenylamine and phenyl other (Merz and Weith, 
Ber. 13, 1299). Whon fused with caustic potash, 
salicylic acid, metahydroxy -ben zoic acid ami 
two isomeric diplienols arc formed (Barth and 
Schroder, ibid. 11, 1332), whilst fusion with 
caustic soda results in the formation of pyro- 
catechol (cateehin), resorcinol (resorcin), and 
phloroglueol (phlorogluom) (ibid. 12, 417). The 
behaviour of sodium and potassium phenates 
(carbolates), when heated in a current of carbon 
dioxide, has been studied by Kolbe (J. pr. (hem. 
[2] 10, 89 ; cf. alio Schmitt, <T. pr. Chem. |2] 31, 
410; 1). R. P. 20939, .Tune 24, 1884); with 
sodium phenate, the reaction commences below 
100°, is most rapid and oomplete about 180°. 
and continues up to the temperature of the de- 
composition of sodium salicylate with the forma- 
tion of that compound as sole product, but with 
potassium phenate, salicylate is formed only at 
temperatures below 150°, whilst at higher 
temperatures the isomeric potassium para- 
hydroxy-benzoate constitutes almost the entire I 
product ; in* these reactions, one half of the ' 
phenol is recovered. When carbolic acid is 
heated with phtliahc anhydride and a de- 
hydrating agent, such as zinc chloride or sul- I 
pnuric acid, it yields phenolphthalein (Baeyer, 
Ber. 9, 1230 ; Annalen, 202, 68). 

If the acid is heated with oxslic acid and 
sulphuric acid, it is converted into coralline 
(Zulkowsky, Annalen, 194, 119, 202, 184), I 
from which pure aunno can be extracted by 
suitable methods (Dale and Sehorlemmcr, ibid. 
196, 77), whilst benzauril'ie results from heating 
carbolic acid with bonzotrichloride (Doebncr- 
Ber. 12, 1462). 

Reactions. — (1) In aqueous solution, carbolic 
aoid gives a violet colour with ferric chloride ; 
tikis, howover, is neither developed in very 
dilute solutions (Sarauw, Ber. 46, 46) nor in the 
presence of alcohol (Hesse, Annalen, 182, 161) ; 
limit of sensitiveness, 1 in 2000 (Polacci, Ber. 


7, 360). (24 The aqueous solution, on treatment 
with | vol. of ammonia and then with a few 
drops of an aqueous solution of bleaching powder 
(1 part in 20 parts of water), gives either at once 
or on standing a blue colouration; limit of 
sonsitiveness, 1 in 4000 (Salkowski, Zeitsch. 
anal. Chem. 11, 316). (3) Bromine water, 

added to an aqueous solution of carbolic acid, 
gives either at once or on standing a yellowish- 
white flocculent precipitate of tribromophenol 
bromide (Landolt, Ber. 4, 770) ; limit of senBi- 
[ tiveness, 1 m 43,700 (ibid.), 1 in 80,000 (Lunge) 

| (4) A solution of carbolic acid assumes a deep- 
red colour when boiled with one-third to one-half 
its bulk of Millon’s reagent (a 10-15 p.c. solution 
| of mercurous nitrate containing nitrous acid) ) 
limit of sensitiveness, reaction distinct*with 1 in 
60,000, and still appreciable with 1 in 200,000. 
Salicylic acid gives a similar reaction (Plugge, 
Zeitsch. anal. Chem. 11, 173; Almcn, J. 1878, 
t 1079). 

Quantitative Estimation. — Carbolic acid occurs 
in commerce in dill'erent qualities ; as crude acid, 
as liquid acid, and as crystallised acid of vary- 
ing degrees of purity. The percentage of phenols 
I m crude carbolic acid can be approximately 
! determined by shaking it with twice its volume 
| of 10 p.c. soda ley added gradually ; the separa- 
! tion of the oily and aqueous layers becomes more 
accurate if a known quantity of petroleum spirit 
equal in volume to that of the layer of indiffer- 
ent and resinous substances, is added, and the 
j amount added afterwards deducted. The 
j phenols are estimated in a portion of the aqueous 
j layer by treatment with hydrochloric acid and 
j subsequent addition of salt to ensure a complete 
I separation. Such a correction is, however, 
i hardly called for, since the phenols will dissolvo 
about as much water as the water will dissolvo 
phenols (Beckurts, Arch. Pharm. [3] 24, 572). 
Beckurts (ibid. [3] 24, 580) also states that 
Koppeschaar’s method (v. ivfia) gives satis- 
factory results for testing liquid carbolic acid 
when the specimen is free from creeds. Cas- 
thelaz (Bull. Hoc. Chun. 42, 574) tests measured 
samples of crude or liquid carbolic acid in tubes 
with water, with sulphuric acid (I to 1), and with 
soda solution (1 part soda Icy (sp. gr. 1*38) to 
9 parts of water), and finally fractionates a 
fourth sample. 

The exact, quantitative estimation of carbolic 
acid in the pure product is always made by pre- 
cipitating it with bromine. The composition of 
the precipitate was bolievedt o be tribromophenol 
(Landolt) until it was ascertained by Benedikt 
that under cortain conditions it was partially 
composed of tribromphenol bromide (cf. 
Wcinreb and Bondi, Monatsh. 6, 506). Kop- 
peschaar’s method (Zeitsch. anal. Chem. 15, 
233), the one usually employed, requires the 
following solutions ; (a) solution of sodium 
thiosulphate equivalent to a solution of iodine 
containing 5 p.c. of iodine ; (b) solution of 
| starch ; (c) bromine water (titrated' with pure 
carbolic acid), or preferably a solution of bromine 
in caustic soda prepared by adding an excoss of 
bromine to the soda and subsequently removing 
the excess either by boiling (Allen, J. Soc. Chem. 
Ind. 1884, 64) or by evaporating the solution to 
drynesB and again dissolving in water ; (d) solu- 
tion of potassium iodide containing 125 grams in 
the litre. The- prowess consists in treating 26 o.c. 
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ot the aqueous solution of carbolio atfid (4 grams 
in the litre) with 100 o.o, either of the solution of 
bromate and bromide with 5 e.c. of concentrated 
hydro shloric acid to liberate the bromine, or of 
bromine water in a stoppered bottle, which is then 
well shaken, allowed to remain for 15 minutos, 
treated with 10 c.c. of potassium iodide solution, 
again shaken, and titrated with thio-sulphato. 
The reactions involved are tho following : — 

I. C 6 H 5 -OH+3Br 2 ==C # H 2 Br,OH+3HBr 
Tl. C 6 U 6 -OH+4Br 3 =Cyi 2 Br 3 -OBr+4HBr 
III. C' 8 H 2 Br3 , OBr+2Kl=C fl H 2 Br 3 'OK+KB r +I 2 
(Wemreb and Bondi, l.c.) ; so that, as Beekurts 
points out {l.c. infra), tho assumption made by 
Koppeschaar in the preceding method, that 
(5 atom, props, of bromine enter into combina- 
tion with* 1 mol proj). of phenol, is in practice 
correct. Beekurts (Arch. Pharm. [3] 21, 502) 
gives tho following as tho best mode of esti- 
mating carbolic acul : Tho solutions employed 
are (a) 1120 normal potassium bromide (5-939 
grams in the litre) ; (b) centmormal potassium 
bromate ( i -666 grams in the litre) ; (c) potassium 
iodide solid on containing 125 grams m the 
litre ; (d) deonoimal sodium thiosulphate (24*8 
grams of Na 2 S 2 0„5ll 2 0 in the litre). For the 
titration, 25 to 30 c c. of the phenol solution (1 
in 1000) are treated with 50 e.c. each of the 
potassium bromate and bromide solutions, 
shaken with 5 c.e. of concentrated sulphuric 
acid, allowed to remain 15 minutes, treated with 
10 c.c. of the potassium iodide solution, and 
finally titrated with thiosulphate to estimate the 
amount of iodine liberated. The calculation is 
simple : from the 50 e c. each of bromate and 
bromide solution, 0 23!)7 gram of bromide is 
liberated by the sulphuric acid, and this is 
capable of converting 0 04(50 gram of carbolic 
acid into tribromophenol ; 1 c.c. of the deci- 
normal thiosulphate is equivalent to 0 008 gram 
of bromine, a quantity capable of converting 
0*00156 gram carbolic acid into tnbromo- 
phenol ; multiplying now 0-00150 by tho 
number of c.c. of thiosulphate used, and sub- 
tracting tho product from 0-0409, gives the 
weight in grams of phenol in the quantity of 
solution originally taken. This process is 
accurate whenever solutions of pure carbolic 
acid, or mixtures from which the puro acid can 
be separated, arc to be tested, but it fails in all 
cases ( e.g . crudo carbolic acid) when other 
phenols, particularly crcsols, are also present. 
Methods for the estimation of carbolic acid have 
also been proposed by Waller (Chem. News, 43, 
152), Degener (J. pr. Chem. [21 17, 390), and 
Chandolon (J. Soc. Cbom. lnd 1882, 203); but 
these are inaccurate (Beekurts). Other methods 
have been proposed by Moerk (Chem. Zentr 
1904, ii. 1764) ; Mossinger and Vortmann (Ber. 
1890, 2753) ; Schryver(J. Soc. Chem. Ind. 1899, 
553) ; Weiss and Downs (J. Ind. Eng. Chem. 
1917, 9, 609) ; Fox and Barker (J. Soc. Chem. 
Ind. 1917, ?G, 842 ; idem. 191 R, 265 T.) ; and 
Petrie {idem. 1919, 132 T.). A biological method 
for the determination of phenol has been pro- 

f iosed by Blvtk and Goodban (J. Soc. Chem. 
nd. 190*7, 632), and an iodometric method by 
Skirrow {ibid. 1908, 58) ; and Wake and Inglis 
have investigated the iodine values of the 
henolB {ibid. 1908, 316). A method *has been 
evised by Allen for determining phenols in 
carbolic soap (Analyst, 1886, IT)3): 


Uses. — Carbolio aoid has powerful antiseptio 
properties and is used on the large scale as a dis- 
infectant. Large quantities of carbolic acid are 
also employed in the manufacture of salicylio 
acid; whilst in tho Colour industry, a considerable 
demand for tho acid exists, inasmuch as it is the 
source of picric acid and coralline, and it isiised 
in tho preparation of some azo- colours. Phenol 
has, of late years, been very largely used for the 
preparation of modern high explosives. ‘ Lydd- 
ite ’ and ‘ melinite,’ consisting very largely of 
picric acid and pirrates, although trinitrotoluene 
appears now to be replacing picric acid. Phenol 
forms Condensation products with formaldehyde 
which are bodies of resinous appearance and 
properties, and which are proposed as substitutes 
for natural gums and shollac. 

Compounds with Metals . — Potassium phenate 
G„H ri -()K, formed by dissolving potassium in 
carbolic acid (Hartmann, J. pr. Chem. [2] 16, 
30), or by heating carbolic acid with caustic 
potash (Baumann. Ber. 10, 686), crystallises in 
slender whito needles, readily soluble in water, 
alcohol, and ether. Sodium phenate can be 
prepared by similar methods and may bo used 
in the manufacture of salicylic acid and as a dis- 
infectant. Compounds with barium (Laurcntl 
and lead (Calvert, Zcitsch. Chem. 1866, 531) 
have also been described. W. H. C. 

CARBOLINEUM. A preparation of crude 
carbolio acid. Used as an antiseptic and 
preservative. 

CARBON. Sym. 0. At. wt. 12. Carbon 
boils at 3600° (Violle, Compt. rend. 1892, 115, 
1273; 1895, 120, 868). Carbon occurs in 

naturo in the free state, and very abundantly 
in combination, notably in tho form of carbon- 
ates, and as an essential constituent of organic 
bodies. In the free state it is a Bolid, without 
taste or smell, exhibiting great diversity in tho 
physical characteristics of its three allotropic 
forms — diamond, graphite, and charcoal. 

Tho diamond, up to the time of Bergman, 
was supposed to be a kind of rock-crystal, al- 
though Newton regarded it as probably an 
unctuous substance coagulated. It was shown 
to be combustible by the members of the 
Academy del Cimonto in 1694, and Lavoisier 
proved that the sole product of its combustion 
was carbon dioxide. He had previously ascer- 
tained that this gas was a compound of oxygen 
and an clement to which he gave the name of. 
carboM, con tamed in coal and wood. Graphite, 
as its synonyms, blaeklead and plumbago (from 
the Italian yrafio jriombino — tho writing lead), 
imply, was long considered to bo a kind of lead, 
or as related to antimony ; Schccle regarded it 
as a compound of iron and carbon ; Kastner 
proved that it was essentially carbon. Carbon 
combines directly with hydrogen at 1100°-1200°, 
forming hydrocarbons (Bone and .Terdan, Chem. 
Soc. Proc. 1901, 162; Bone and Coward, ibid. 
Trans. 1908, 1975; lfllO, 1219; Proc. 1908, 
222 ; Pring and Hutton, Trans. 1906, 1591 ; 
Pring, ibid. 1910, 498). At high temperatures, 
such as the elecftric furnace, it is dissolved by the 
alkaline earth carbides and bj r rhodium, iridium, 
palladium, and platinum (Kahn, Compt. rend. 
1906, 143, 49; 1905 , 144, 197 ; Moissan, ibid. 
122, 1479). At tile temperature of the electric 
arc, carbon reduces alumina (MoisBan, ibid. 
1894, yn, 935). 
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Manufacture of Wood Charcoal — The earliest ! 
plan of coaling wood, as the manufacture of 
charcoal was termed and is still 
called, is carried on as follows : 

A piece of ground is levelled at 
some convenient spot iA the forest, 
whieh is termed the ‘ hearth ’ or 
‘ earth.’ In the centre of this a 
thick pole or bundle of brush- 
wood is placed, around which the 
wood is arranged, some of the 
pieces being laid horizontally and 
others set up at an inclination, 
or the wood may bo placed 
altogether at any steep angle, 
wards from the centre to form a ilattened 
cone, which, when complete, is usually called 
a heap ; the object, whichever way the wood 
is placed, is to obtain a free circulation of 
air under the heap to communicate with the 
chimney in the centre, which is formed by 
then withdrawing the centre pole or bundle 
of brushwood. The large wood should, if con- i 
vcniont, be at the bottom of the heap, and the | 
outside packed as close as possible , the heap | 
is then covered with small brushwood, and j 
afterwards with turf, or the material most an- j 
pervious to air which can be conveniently ol>- | 
tamed. A tire is lighted in the centre chimney, ] 
and by hawing openings in the outside covering ! 
at the bottom of the heap, the lire soon extends, ' 
and can be guided to any part by making tem- 
porary openings to admit the air. When the 
heap is sufficiently tired, all the openings are 
closed, and lastly the chimney itself. The lire 
will always extend most rapidly on the side 
facing or towards the wind, and great care must 
be taken to watch and cheek tins, by keeping 
the covering on that, side in good order. The 
charcoal burner must, always lx* careful to spread I 
the fire as evenly as possible through the heap, 1 
and after it. is coaled to stop it down carefully ; 
he can always accelerate the process in any part 
of the heap, if well built, by opening the outside 
t.o admit air freely, but if he finds this does not 
act, from any fault in setting the wood, he had 
better open a hole with a bar at the place re- 
quired, and light a fire in the hole ; this will 
soon communicate with the main fire in the 
heap. As soon as the smoke and white flame, 
cease t.o escape at, the vents, the whole heap 
. miiRt be closed from the air as carefully as 
possible until the charcoal is quite cooled, and 
is ready to draw. The fire must, never burn too 
fast ; the slower the process, if the fire is steady 
and regular, the better the yield of charcoal. 
Hard olose-grained woods take a longer time to 
coal than soft open -grained woods, and should 
be placed in the heap accordingly. Those tech- 
nical instructions, handed down in the forests 
for ages as secrets from father to son amongst 
the ‘ ooalliers ’ in every country m Europe, are 
the results of long practical experience, and 
strictly accord with the true principles on which 
the process is based. 

To oarboniso wood under a ‘movable cover- 
ing, the plan of metier, or hoaps, is employed 
in Gorman y. The wood ^s arranged either in 
horizontal layors or in yearly vertical ones 
with a slight slope, so as to farm conical rounded 
heaps of different sizes. The former are called 
‘lying meiler ’ (Fig, 1); the latter, ‘ ^at^ding 


meiler ’ (Ffgs. 2 and 3). Both are distributed in 
much the same way. 
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In districts where the wood can be trans- 
ported by means of rivers or mountain shdek, 
a dry ilat space must he pitched upoit (screened 
from storms and Hoods), which may be walled 
round, having a slight declivity made m the 
ground towards the centre (v. Fig. 4). Into this 
space the tarry acid will partially fall, and may 
bo conducted outwards through a covered gutter 
beneath into a covered tank. Tlu* mouth of the 
tank must, be shut, during the coking with an 
iron or stone slab, luted with clay. A square 
iron plate is placed over the inner orifice of the 
gutter to prevent it being choked with coal ashes. 

Fig. 4 represents a walled me dvr station : 
a, the station , b, the gutter ; c, the tank, which 
is covered with the slab d ; e, a slab which 
serves to keep the gutter clear of coals. The 
cover of the heaps is formed of earth, sand, 

<1 


Fig. 4. 

ashes, or such other matter as may be most 
readily found m the woods. They should be 
kindled in the centre. From 0 days to 4 wcekB 
may be required for charring a heap, according 
to its size, hard wood requiring more time, and 
the slower the process the better and greater is 
the product, generally speaking. 

Charring of wood in mounds ( haufe or 
lugende werke) ( figs. 5 and 0) differs from 
that in the metier, because the wood in the 
haufe is successively charred, and the charcoal 



Figs. 5 and 6. * 

is raked out little by little. The produot is 
said to bo greater in this way, and also better. 
Uncleft billets, (5 or 8 feet long, being laid over 
each other, are •covered with ashes, and then 
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carbonised. The station is sometimes horizontal 
and sometimes made to slope. The length may 
be 24 feet, the breadth 8 feet, and the wood is 
laid crosswise. Piles are set perpendicularly to 
Bupport a roof made of boughs and leaves 
covered with ashes. Pipes are occasionally laid 
within the upper parts of the mounds, which 
serve to catch and carry off some of the liquid. 

Fig. 7 is a vertical section, and Fig. 8 a half 
bird’s-eye view and half croBs-section at the 
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height of the pit bottom, of 01ml>oausBi<' i re’s 
kiln for making wood charcoal, a is the oven ; 
b, vertical air-pipes ; c, horizontal Hues for ad- 
mitting air to the kilns ; d, d, small pits which 
communicate by short horizontal pqies, c, r, with 
the vertical ones ; /, the sole of the kiln, a circle 
of brickwork upon which the cover or hood h 
reposes ; i, a pipe which leads to the cistern k ; 



Fig. 8. 

I, the pipe destined for carrying off the gaseous 
matter ; m, m, holes in the iron cover or lid. 

The distribution of the wood is like that in 
the horizontal meiler or heaps ; it. is kindled in 
the central vortical canal with burning fuel, and 
the lid is Covered with a few inches of earth. 
At the beginning of the operation all the draught 
flues are left open, but they are progressively 
closed %s occasion requires. In 8 kilns of 
this kind 500 decasters of oak wood aro car- 
bonised, from which 15,000 hectolitres of char- 
coal are obtained, equal to 64,000 lb*. French, 
being about 25 p.c., besides tar and 3000 velts 
of wood vinegar of from 2° to 34 Baume. 


m 

At Crouy-upon-the-Ourcq, near Meaux, there 
is a well-constructed kiln for making turf-ohar- 
coal. It resembles most nearly a tar kiln. In 
Fig. 9, a is the cylindrical coking plaoe whose 
surrounding walls*are heated by the flame which 
passes through the intermediate space 6. The 
place itself is divided by partitions of fire tiles 
into throe stages, through the apertures in which 
the flames of the fire, c, c, rise, and heat the 
exterior of the coking apartment. In order to 
confine the heat, there is in the enclosing walls 
of the outer kiln a cylindrical hollow space, d, 
where the air is kept stagnant. Through the 
apertures left in the uppor end at e, the turf is 
introduced ; they are then shut with an iron 
plate, /, which is covered with asheB or sand. 
The fireplace opens above this aperture, and its 
outlet is provided with a movable iron cover, g, 
m which there is a small hole for the issue of 
the gases. The sole of the kiln consists of a 
east-iron slab, h , winch may be raised by means 
of a hook, t, upon it. This is drawn back after 
the carbonisation is completed, whereby the 
charcoal falls from the coking 'space into a 


f n 



Fig. 9. Fig. 10. Fig. 11. * 


subjacent vault. The volatile products are 
carried off by the pipe k, and led into the con- 
densing cistern, the gases escaping to the fire- 
place, where they are burned. The iron slab is 
protected from the corrosion of the ftcid vapours’ 
by a layor of t;oal ashes. 

Charcoal obtained by the action of a rapid 
fire in close vessels is not so solid and so good a 
fuel as that which is made in the ancient way 
by the slow calcination of pyramidal piles 
covered with earth. According to Juon (Stahl 
and Eisen, 1904, 24, 1230), this is due merely to 
the difference in temperature of the two pro- 
cesses, the higher temperature used in the heap- 
made carbon increasing the carbon content. 
One of the most ecomffnical Qvens for making 
wood charcoal is that invented by M. Foueaula, 
which he calls, a shroud or abri. To construct 
one of those, 30 feet in diameter at the base, 
10 feet at its summit, and from 8 to 9 feet high, 
he forms, with wooj 2 inches square, a frame 
12 feet long, 3 feek broad at one end, and 1 foot 
at the other end. 

The Figs. 10 and 11 will explain the 
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construction. The uprights, a, b , and o, d, of this 
frame are furnished with three pairs of wooden 
handles, a, a , n, by moans of which they can be 
joined togother, by passing through two con- 
tiguous handles a wooden fork, the frame being 
previously provided with props, as shown in 
Fig. 11, and covered with loam mixed with 
grass. A flat cover of 10 feet diameter, made 
of planks well joined, and secured by four cross- 
bars, is mounted with two trap doors, M, is 
(Fig. 12). for giving ogress to tho smoke at tho 



commencement of the operation ; a triangular 
hole, r, cut out in the cover, receives the end of 
the conduit, q, it. s (Figs 12 and 111), of wood 
formed of three deals destined to convey the 
gases and condensed liquids into tho casks i<’,«,n. 



Fig. 13. 


Lastly, a door, t, which may bo opened and shut 
at pleasure, permits the operator to inspect the 
state of the fire. The charcoal calcined by tins 
abri has been found of superior quality. 

When it is wished to change tho place whore 
the abri is erected, and to transport it to a store 
of new-foiled timber, the frame is taken down, 
after beating off tho clay which covers it ; the 
joints are then cut by a saw, as well as tho ends 
of the fork which fixed the frames to one 
another. This process is economical in use and 
simple and cheap in construction, since all tho 
pieces of the apparatus are easily moved about, 
and may be readily mounted in the forests. For 
obtaining a compact charcoal for tho use of 
artisans, this mixed process of Foucauld is said 
to be preferable to either the close iron cylinder 
or the pile. 

The fierce process for the production of 
charooai, in which .the wood is hoatod in brick 
kilns shaped like a beo-hive, of 32 feet diameter 
and 16 feet high in the centre, by means of the 
combustion of the permanent gases produced 
during a previous process, is said to produce a 
far higher percentage of charcoal and to involvo 
a smaller loss of by-products (Dudley, J. Anal, 
and Appl. Chem. May, 1 KOI ; Armour, Bowers, 
J. Soc. Chem. Ind. 189!!, 152). 

Tho charcoal made at Ontario from the 
local wood is of excellent quality for blast- 
furnace use. The wood is here heated in half- 
lron cylinder retorts, set horizontally and about 
9 feet long and 4 feet high. Tho retorts are 
charged once a day, and an? heated underneath 

the tar produced mixod with the waste from 
the charcoal. Tho distillate is condepsejl by 


straight ccmdensers, one of which is attached to 
each retort (Goodwin, J. Soc. Chem. Ind. 1902, 
743). 

In other processes wood is oarbonised by 
superheated steam (Elfetrom, Proc. Inst. Civil 
Eng. 1906, 164, 60 ; Zwilhger, J. Soc. Chem. Ind. 
1891, 129). 

According to Rubands (J. Soc. Chem. Ind. 
1902, 1466), a hygienic and antiseptic wood 
charcoal is obtained by heating a mixture of 
aromatic plants, such as juniper, thyme, broom, 
&c., m an oven until the eresols begin to come 
off. The mass is then thrown into sheet-iron 
boxes, sealed to prevent combustion, and allowed 
to cool, tho ompyreumatic matters thus being 
reabsorbed. 

A largo number of improvements in the 
apparatus employed for obtaining wood char- 
coal have boon proposed (Jones, Eng. Pat. 
1485, 1894 ; J. Soc. Chem. Ind. 1895, 24 ; Wise 
Waworth, Eng. Pat. 10522, 1897 ; ibid. 1899, 
128 ; Selionk, Eng. Pat. 23085 ; ibid. 1900, 321 ; 
Burcy, ibid. 1902, 909 ; Mourlot, ibid. 1902, 
1 118 ; Blacker, Chem. Ind. 23, 508). 

Charcoal is also prepared from sawdust, 
wood, chips, and peat. The raw material is 
fed and pressed into and through heated retorts 
m a continuous stream, and comes out at the 
other end of the furnace as hard charcoal. Tho 
retorts are provided with pipes for drawing off 
tho by-products (Heidonstam, .1. Soc. Chem. Ind. 
1898, 445). Many other methods of converting 
peat into charcoal have been described (Rose, 
ibid. 1896, 643 ; Eng. Pat. 17508, 1895; 
Cahnont, ibid. 1892, 257; Eng. Pat. 3978; 
Zohrab. ibid. 1893, 437; 1897, 1006; Eng. 
Pat. 3019, 1892, .lurgensen and Bauschlicker, 
Chem. Zeit. 1901, 25, 635; Stauber, .J. Soc. 
Chem. Ind. 1906, 685 ; Jiirgensen, ibid. 1907, 
685). 

For blast-furnace work, peat charcoal and 
that, obtained from birohwood is the best. 

According to Mauber (ibid. 1890, 881), 
charcoal is also produced from the by-products 
in the manufacture of spirits from grainB and 
cereals. Charcoal suitable for use as filters, 
respirators, and as wick for candles, can be 
prepared by placing vegetable fibres, Buch as 
cotton, cotton fabric or waste threads into 
drums, which are placed one by one into an 
inclined If umaco, down which they roll to the 
lower end, which is provided with an exit door. 
When no more gases are given off, the drums are 
withdrawn and the charcoal washed with water 
(Cooper, J. Soc. Chem. Ind. 1902, 421). 

For making gunpowder charcoal tho lighter 
woods, such as the willow, dogwood, and alder, 
answor best; and in their carbonisation caro 
should be taken to let the vapours freely escape, 
especially towards the end of the operation, for 
when they are reabsorbed, they greatly impair 
tho combustibility o£ tho charooai (Taylor and 
Challon, ibid. 1890, 106. 

The charcoal of some woods contains silica, 
and ih therefore used for polishing metals. 
Being a bad conductor of hoat, charcoal is 
employed sometimes in powder to enease small 
furnaces and steam-pipes. It is not affected by 
water, and hence tho extremities of stakes 
driven into moist ground are not liable to de- 
composition. I n liko manner casks when charred 
inside preserve Water much better than common 
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casks, because they furnish no soluble*matter for 
fermentation or for food to animalcules. 

For making crayons of charcoal the willow 
is the best wood that can be employed, as the 
softness is uniform m all its parts. The dura- 
bility of charcoal may be seen in several of our 
old churchyards, whero the letters made with 
lampblack arc still perfect, though the white lead 
with which the body of the stones was painted 
is entirely destroyed. This property of carbon 
is shown, however, in a more striking manner 
by the writings that were found m the ruins of 
Herculaneum, which have retained their original 
blackness for two thousand years. The ancients 
wrote with ink made from ground charcoal. 

If it be required to purity any carbonaceous 
matter to lender it fitter for delicate pigments, 
this may be done by first calcining it in a close 
vessel, and then lixiviating it m water slightly 
acidulated by nitric acid. 

Tho incorruptibility of charcoal was well 
known to tho ancients, and they availed them- 
selves of tins property upon all important occa- 
sions. 

Some years ago a quantity of oak stakos 
were found m the bed of the Thames, in the 
very spot where Tacitus says that the Britons 
fixed a vast number of such stakes to prevent 
tho passage of Julius Ca\sar aud his army. 
These stakes were charred to a considerable 
depth, had retained their form completely, and 
were firm at the heart. 

Desmond found that wood charcoal, when 
submitted to a high temperature out of contact 
with air, evolved a considerable quantity of 
gas consisting of 9* J 4 pc. C() 2 , 18*08 p.c. (X), 
49*1 1 p.o. Hj, 16*04 p.c. CU 4 , 0*26 p.c. 0 2 , and 
7 37 p.c. N 2 , its antiseptic properties being 
superior to carbon monoxide (Conipt. rend 
181)4, 110, 733). 

Most of tho houses in Venice stand upon 
piles of wood, winch have all been previously 
charred for then* preservation. Tn this country 
estates wore formerly marked out by charred, 
stakes driven to a considerable depth into tho 
grouud. These are occasionally found, and 
usually the charred portions are quite perfect, 
although ovory other part is decayed (v. Wood, 
Destructive distillation or). 

Wood charcoal possesses in a remarkable 
degree the power of absorbing gases in its pores, 
and m many eases of determining their combi- 
nation. This power increases with its donsity. 
As ordinary charcoal contains atmospheric air 
in its pores, it must for this purpose be prepared 
by heating it to redness in a close vessel, and 
cooling over mercury. Tho following table 
shows the absorptive power of Saussure box- 
wood charcoal of sp. gr. 157 for different gases : — 


Ammonia gas 

. 90 vols. 

Hydrochloric acid gas 

. 85 „ 

Sulphur dioxide 

. 65 „ 

Hydrosulphurio acid . 

. 55 „ 

Nitrous oxide 

. 40 „ 

Carbon dioxide . 

- 35 „ 

Ethylene 

• 36 „ 

Carbdh monoxide 

9*42 vols. 

Oxygen . 

. 9*25 „ 

Nitrogen . 

• 6*5 4 „ 

Hydrogen . 

. 1*25 „ 

Charcoal obtained from 

thb shell of the 


cocoa-nut has still greater absorptive properties, 
absorbing, according to Hunter, 


Ammonia 
Carbon dioxide . 
Carbon monoxido 
Oxygen . 


171*7 vols. 
67*7 „ 
21*2 „ 
17-9 „ 


In consequence of this absorption of gases in 
the pores of charcoal, their chemical activity 
is greatly increased. When a piece of charcoal 
which has absorbed a considerable quantity of 
sulphuretted hydrogen is introduced into oxygen, 
a violent reaction immediately takes place, water 
and Bulphur dioxide bemg sot free. If air be em- 
ployed mBtead of oxygen, sulphur is deposited. 

This property is utilised in the removal of 
betid and bad-siuelhng gases from rooms, and hi 
the sweetening of bad-smelhng liquids and of 
clothes. For this purpose charcoal of average 
porosity is found to be the most efficient, and 
it should be m moderate-sized pieces, its absor- 
bent power bemg greater in this state than when 
m fine powder or m very large pieces. 

Potassium and sodium alloy absorbs char- 
coal, and the suspension so obtained has a 
variety of uses, and constitutes an intermediate 
product m a variety of processes such as the 
production of potassium cyanide and so forth 
(Wemtraub, J. Soc. (hem. jnd. 1909, 794). 

When charcoal is boiled m a solution of 
platinum tetrachloride, it becomes impregnated 
with platinum, and is known as platinised 
charcoal. This substance possesses in a 
greatly increased degree the power of inducing 
chemical combination. 

Charcoal containing 2 p.c. of platinum causeB 
oxygen and hydrogen to unite completely in 
about a quarter of an hour, the rapidity increas- 
ing with the percentage of platinum, charcoal 
containing a larger quantity of platinum acting 
i like platinum sponge. Platinised charcoal may 
be applied to the preparation of air-filters and 
respirators, and also as a mild caustic (Stcn- 
liouse, Ohem. Soc. Trans 8, 105). 

Charcoal is readily oxidised by dilute 
aqueous solutions of calcium hypochlorite, and 
potassium chlorate, especially in presence of 
osmium tetroxido, forming carbon dioxide, 
carbon monoxide, mcllogen, and incllitic acid. 

A further property of charcoal is its power 
of depriving most coloured liquids of their 
colouring matters, by absorbing them within its 
pores. The colouring of red wine, cochineal, 
madder, or indigo, can thus be removed from 
solutions. 

This property was discovered in 1790 by 
Lowitz, and is made use of on the large scale in 
several industrial operations, particularly in the 
process of refining sugar. It is most strikingly 
possessed by bone-black or animal charcoal 
{q.v.). Charcoal of great decolourising power 
can be obtained by the dry distillation of birch- 
wood or other substances containing carbon 
mixed with calcium or magnesium chloride, 
without access of air. The charooaT so obtained 
is washed witk*wator, then with hydrochloric 
acid, and then again with water (Ostrejho, J. 
Soc. Chem. Ind. 1900, 1099 ; 1902, 58). 

Charcoal of high* decolourising power is 
obtained from bloon, horns, hoofs, dippings of 
hides, glue, &c., in contaot with pearl-ash. A 
goodidegolourising charcoal is also obtained by 
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carbonising vegetable matters mixod with chalk, 
cabined Hints, or other earthy substances. 

According to Halse (J. Soc. Chem. lnd. 1903, 
604), charcoal, especially applicable for use in 
decolourising and purify.mg saccharine and other 
liquids, and which can be used m acid solutions, 
is obtained by heating wood or a similar material 
with sulphuric acid to a temperature not exceed- 
ing 200°. The charred mass is then washed and 
dried, and, when spent, it can be revivified by 
treatment with a smaller amount of sulphuric 
acid. 

Charcoal also precipitates or absorbs certain 
substances from solution, notably iodine, lime, 
and its salts (being used for the purification of* 
highly calcareous waters), lead salts end most 
metallic subsalts, besides many organic sub- 
stances, as the bitter principles of hop, gentian, 
and aloe, tannin, alkaloids and resins, fiom their 
alcoholic solution (de Conmck, Compt. rend. 130, 
1027 ; Laval, Pharm. J. 1900, 05, 213 ; Mal- 
megac, J. Pharm. Chim. 1900, 12, 6 ; Davis, 
Chem. Soc. Trans. 1907, 1000). 

Crude alcohol is occasionally allowed to re- 
main for some time in contact with charcoal. 

Carbon is used for the reduction of inetalB 
from their ores, and in the manufacture of glass 
for the reduction of alkaline sulphates. 

Porous carbon can also be used with advan- 
tage in electrolytic cells (Lob. Zeit. f. Elect. 
Chem. 1890, 3, 185). When used as an anode m 
strong hot sulphuric und other acids, which give 
off oxygen at. the anode, carbon is dissolved, 
and this property can be used for depositing 
carbon on suitable cathodes (Coehn, J. Soc. Chem. 
lnd. 1897, 445). 

(For the treatment of carbon articles before 
use, comparo Thomson Houston, ibtd. 1905, 
1230; Eng. Pat, 28002, 1904; Acheson 
U.S. Pat. 74918. 1904.) 

Gas-carbon [Glance coal) is a very dense form 
of carbon, deposited m the upper part of the 
retorts in the manufacture of coal gas and in 
blast furnaces. It often exhibits the lustre and 
sonority of a metal, is very hard, and a good 
conductor of heat and electricity. It is used to 
form the negative element in a Bunsen battery. 

Materials used for manufacture of carbon 
electrodes are coke, hard and soft pitch, coal 
tar, and petroleum oil ; in some cases, to obtain 
electrodes of better mechanical wearing power, 
a small porlrion of the coke is replaced by soot. 
The proportions of the various substances 
depend on the kind of electrode required. 
Roush (J. lnd. Eng. Chem. 1909, 1, 280 ; Lake, 
J. Soc. Chem. lnd. 1900, 1001 ; Cooper, Shrews- 
bury and Marshall, ibid. 1890, 25 ; Starts, ibid. 
1900, 544 ; U.S. Pat. 819000, 1900). 

According to Niewerlh (J. Soc. Chem. lnd. 
1894, 1200), carbons of less resistance and greater 
illuminating power when used in are lamps, can 
be obtained by mixing the cai bon with aluminous 
earths, magnesia, or oth*r metalliferous minerals 
before moulding, after which process it. is heated 
by means of an electric current. The carbon, 
when being heated, is supported in a holding 
sleeve of non-conducting material to prevent 
warping. Castner (J. Soc. Chem. Ind. 1894, 
1067 ; Acheson, ibid. 1891, ,407) adds 10 p.c. 
carbide of silicon to the carbon used for arc lamps; 
RiverB (ibid. 1906, 483 ; Kuffrath, ibid, 1907, 
309) adds yttrium salts. .Lai^gville ( t'bidc 1692, 


935) descr r carbon for 

electrical purposes from paper pulp (Eng. Pat. 
13847, 1892). 

Carbon filaments are also prepared for use in 
incandescent lamps and electric lamps (Thomson 
Houston, J. Soc. Chem. Ind. 1905, 62 ; Pring and 
Fielding, Chem. Soo. Trans. 1909, 1497 ; Cnate- 
her and Wolagdine, Compt. rend. 1909, 148, 
1715 ; Howell, Eloctncian, 1905, 55, 588 1 
Levis, J. Soc. Chem. Ind. 1905, 721, 882 ; Eng. 
Pat. 6959, 1904). 

Graphite is formed m the manufacture of 
carborundum ( q.v .), and its production on a 
commercial scale has been established by 
Acheson (U.S. Pat.' 568523). It is used to form 
lamp carbons, crucibles, electrodes, &c. For 
the lower qualities of graphite articles Anthracite 
may be employed ; for the finer kinds, and for 
the manufacture of lubricating graphite, petro- 
leum coke mixed with a catalytio oxide is 
used. For a discussion of the properties, mode 
of formation, and structure of graphitic carbon, 
v. Kohlschutter, Zeitsch. anorg. Chem. 1919, 
105, 35. 

Lampblack is prepared on the large Beale by 
burning fat, oil, resin, tar, &c., with an imperfect 
supply of air, either in a brick furnace or in 
cast-iron chambers. 

The resulting dense black smoke iH conducted 
into largo chambers, when', on account of the 
extremely sluggish draught, it is allowed to 
roll about until the particles gradually coalesce 
into masses which after some time fall on the 
floor as soot. The condensation of the particles 
may be greatly facilitated by sending a current 
of electricity through the atmosphere of smoke, 
or else it can be agitated by mechanical means 
(Irvine, J. Hoc. Chem. Ind 1890, 1110). 

For an account of the history and develop- 
mentof the lampblack and carbon- black industry, 
see Cabot, 8th Int. Cong. Appl. Chem. 1912, Ve, 
12, 13. 

Wlii'ii commercial lampblack is strongly 
heated, a large amount of empyreumatic matter 
is given off, which condenses into a brown greasy 
mass consisting of chrysene, pyrene, cupnomar, 
&c. This causes ordinary lampblack to cohere 
! when pressed. After calcination it loses this 
property. 

Creosote or other suitable carbonaceous fuel 
is burnt in a furnace with an adjustable air 
supply, and the products of combustion are sent 
through a cooler, whore by-products are con- 
densed m centrifugal separators, the carbon, 
deposited being collected in underlying receivers 
(Adam,*J. Soc. Chem. Ind. 1907, 701 ; Eng. Pat. 
13301, 1906). 

An arrangement of lamps for the preparation 
of an especially fine quality of lampblack from 
waste fat and mineral oils is described in Payen- 
1‘aul, 64, 65. 

N umerous improvements in the apparatus for 
the production of lampblack have betjn described 
(Wegclin, J. Hoc. Chem. lnd. 1898, 747 ; 1899, 
925 ; 1900, 56 ; 1902 1022 ; 1903, 1190 ; 1908, 
81, 579 ; Fr. Pat. 380983, 1907 ; Irvine, J. Soc. 
Chem. Ind. 1890, 1110 ; Sanders, ibid. 1900, 763 ; 
Lembdner, ibid. 1903, 1238 ; U.S. Pat. 741726, 
1903 ; Smith, J. Soc. Chem. Ind. 1906, 430 ; 
Meiser, m. 1908, 1212; D. R. P. 203711; 
Lennard, J. Soc. Chem. Ind. 1899, 1009 ; Ogilvy, 
ibid. 1902, 1084).* 
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* Carbon has also been obtained direct from 
smoke (Ward, ibtd. 1897, 902). Irvine (dnd. 
1894, 532) obtains lampblack by spraying tars 
or oils rich in carbon over incandescent coke, 
mixing the gases so produced with air and steam, 
and burning them with a limited supply of air. 

Lampblack, carbon black, also sometimes 
spoken of as gasblack, hydrocarbon black, jet- 
ii i la naoH in Ihn nroduction o 


obtained industrially (Williams, J. Soo. Chem. 
Ind. 1891, 270 ; Claus, ibid. 1890, 170). 

Produced by the oxidation of charcoal at high 
temperatures (cf. Johnson and McIntosh, Trans. 
Roy. 8oc. Canada,* 1913, 7, iii- 101). By the 
reduction of carbon dioxide by means of hydro- 
gen, carbon, metals, &c., at a red heat, or over 
carbon made incandescent electrically and 


unokftn of as easblack, hydrocarbon blacK, jta- caruon maao 

iLfc and so forth, is used in the production of j coated with a bad conducting material (Engels, 
urinter’s ink paints, mineral -black, stove polish, | J. Soc. Chcm. Ind. 1901, 350). On the rate of 
shoe leather > rubber goods, fertilisers, colouring 1 reduction of carbon dioxide by carbon, see 
cement mortar pulp, and artificial stone, Rhead and Wheeler (Chem. Sue. Trans. 1912, 
harness oil stenciling, &e. It varies m composi- 101, 831, which contains a number of references 
tion and * properties with the material and to previous work on the subject). In the reduc- 
method used in its production.* When produced ' turn of metallic oxides by charcoal or coke, 
^m the natural gls 111 American oil wells, the , By the dry distdlation of many 


from the natural gas 111 aniern-wi uu 
carbon- bla?k differs from ordinary lampblack, 
by mixing with water on being shaken with it ; 
ordinary lampblack will not do this. Tt is also 
quite different 111 appearance from lampblack 
obtained from oils, having a line velvet-like 
gloss 


Luc ury ui» wi u* wwu ****** j ” — 

pounds, and together with hydrogen and carbon 
dioxide when steam is passed over red-hot 
dial coal. By passing electric sparks through 
carbon dioxide (Buff and Hofmann, Annalen, 
i n;j 140) or by heating carbon dioxide to 1300° 
I (Deville, Coinpt. rend. 59, 873). By heating 


0H {Set' description of iiguro and apparatus for dehydrated o-\alio acid, or by heating dry 

nJSLZZ vZt, J "soo. CI,,m U lnd IW*. ! .IWm. formal and 

130. Cf. also Purtle and Rowlands, ibid. 1908, acul (Bonn, ibid. 8-, 7 ). , y ^ 

234- IJS. Pat. 877590, 1908; Prosch, J. Sue : oxalate or formate or these acids with concen 
(iicm Ind 1903 040: Bullcr, Min and Eng. | trated sulpliuuc acid. . . 

w 1 28 1 01 11 ■ Carbon monoxide is also produced m con- 

' A good lanWk! said to besupenor to the sideiable nuantiticH fcom J™" 
best American blacks, is also obtained by spark- ; such as mcllmite, gu " 

mg a mixture of hydrocarbons under pressme by an alkaline pyrogallo soiution dunng ' 
and with or without admixture of carbon di- or absorption of oxygen, unless a 
mon-oxide (Koppc.s, J. 8oc. Uhcm. Jnd. ' 90 0, ; ^ < ( loWC *’ Cliun * ^ 

}? % “Z.iS/d si c. IW m i ’r^L by the d,,-„,np„s,Uon u£ (I) oKaiio 

if t Jwn!' at "tit i rb 

imparting to the latter the appearance of so- | 18.18, Zb/J. 
called oxidised silver. lt , (1)0,H,() 4 - CO+CO a +H a O 

According to Peters, lampblack suitable tor 011 o 0o - CO+H a O 
use in the preparation of paints, can also be jj? c (0N) »+(»H.,S() 4 +(>Il 2 0 

obtained by beatmg the waste carbons from arc _ f,CO + 2K ..SO t + 3(NH 4 ) a S0 4 -f PeS0 4 

lamps to 1200°- 1400°, and then allowing the “ . , . , , 

mass to cool slowly (.see also Acetylene bhtd). . In the first case the gas is mixed with carbon 
Colloidal carbon. By the careful addition dioxide, which must bo removed by g 

of sugar to concentrated sulphuric acid, filtering through potash or lime-water. In the last re- 
am! dialysing the liquid, a clear black stable action it is free from carbon dioxide ff the 
solution of colloidal carbon may be obtained temperature does not exceed 200 , but above 
(Sabbatam, Kolloid-Zeitsch. 1914, 14, 29). . ; this point this gas and sul J ) ^ dl ^ { XK J® b 

Carbon monoxide; carbonou . s or carbonic] produced by the reducing action carfion 
oxide ; formic anhydride CO ; sp.gr. 0’9671b . monoxide upon.sulphuric act . 

(Rayleigh), 0-96702 (Leduc) (air = 1). V.D. 14 H..S0 4 +C0=C0 a +S0 2 +H S! 0 

( — 186°) (Wroblewski, Compt. rend. 98, 982). 


^ lOU J \ IKJVIV WDXV1; V " f 

S.H.p. 0-2346. S.H.v. 0-16844 (Wiedemann, 
Pogg. Ann. 157, 1). C.E. 0 003667 (Rcgnault). 
8. (6°) 0-0287; (9°) 0-0269; (18-5°); 0-02315 

, i , /our . /1U°\ 


Tt is liable also to contain a small quantity of 
hydrocyanic acid vapour. , 

Drv calcium oxalate or barium oxalate is 
8. (0 U ) 0-0287; (9") U-UliMl ; ) i U I . 1 V Z i' i rlw lime and strongly 

STo ; (16°)oSS; (24°) 0 "20452 ^Bunsen) \ | 

E„-is*‘^"«rsAT.r “ 

Does not exactly obey Boyles law; PV/PiV x monoxide is e y . A? au( j B tored It is 

= 1-00203 (RignW Ita^ critical temperature carl of sug£- 
is — 138*7 dbO'l, and the Correspondmg pressure also produced m 'tured practically 

^Srt ereB ’ critical « °' 3lia 

d£o W by Lassonne. and independently L*£ in " 
by Priestley. Composition first established by -be^ntbrac^, >te J 

de c“boZmcZde e8 is present in coll, and + Motion feX 
water-gas, from both of which ft is* sometimes of iro* o*es m the blast, furnace, ana 
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purposes (Loiseau, J. Soo. Chem. Ind. 1908, 1112 ; 
Fr. Pat. 390673, 1908). Carbon monoxide 
passed oyer heated sodium or potassium hydrox- 
ide, soda lime, or calcium hydroxide, yields 
a formate and hydrogen, together with methane 
and ethylene. Carbon monoxide may bo con- 
verted into hydrogen and hydrocarbons to the 
extent of 99 '5 p.c. by passage over hot lime 
Beveral times, and it is suggested that in this j 
way illuminating gas might be freed from this j 
toxic constituent (Vignon, Bull. Soc. chim. 
1911, [iv_1 9, 18). 

Properties . — -Colourless gas of metallic odour 
and taste, combustible, non-supporter of com- 
bustion. Absorbed by carbon, by several 
metals, and by a solution of cuprous chloride in 
hydrochloric acid or ammonia. It acts as an 
enorgetic reducer. It is a highly poisonous gas, 
producing giddiness, and ultimately asphyxia 
when inhaled. 0'43 p.c. in air is fatal to man 
(Mosso, J. Gas Lighting, 1 902, 80, 1334); 
0 2 p.o. is also poisonous if breathed for any 
time. 

When carbon monoxide is passed over dry 
silver oxide, the latter is reduced thus : CO -f Ag a O 
— Aga+COjj. Ammoniacal silver oxide is also 
reduced, and the Reaction may be omployed for 
the detection of small quantities of carbon 
monoxide in air (Dejust, Compt. rend. 1905, 140, 
1250; Berthelot, ibid. 1891, 112, 597; Haber- 
mann, Zeitsch. angew. Chem. 1892, 324). It 
reduces Barreswil’s (Folding's) solution, and in 
contact with metallic copper moistened with 
aqueous potassium hydroxide is rapidly oxidised 
when mixed with air. The copper is converted 
into a peroxide, Cu 2 0 3 or CuO a , which is the 
active oxidising agent. The rate of oxidation 
is increased when the copper surface is coated 
with iridium. 

0'02 p.o. carbon monoxide may be detected 
by the decolouration of a mixture of sdver 
nitrate, and weak permanganate solution acidi- 
fied with nitric aciu (Merwet, Compt. rend. 1897, 
124, 621). 

According to G reliant {ibid. 1891, 113, 289 ; 
114, 309), 1 part of carbon monoxide may bo 
detected in 10,000 parts of air, by aspirating the 
air through dog’s blood, and testing the respira- 
tory capacity of the blood before and after the 
experiment. When the air is passed under a 
pressure of 5 atmospheres, the teBt becomes still 
more delicate. It can also be detected by passing 
the gas through palladium chloride, when a 
metallic precipitate is formed and the colour 
indicates the quantity present. to 

carbon monoxide can be detected in the atmo 
sphere by passing several litres of the suspected 
air through iodic acid, when the following 
reaotion occurs : — 

5CO+ 2HI0 8 = 5CO a +H 2 Q+I 2 

The iodine is absorbed in chloroform or carbon 
disulphide, when the relative tint indicates the 
quantity of carbon monoxide, or else the carbon 
dioxide is absorbed by standard potash solution 
and the oarbon monoxide calculated (Gautier, 
Compt. rend. 1898, 126, 793, 871, 931, 1299 ; 
St. Martin, Compt. rend. 14, 1036 ; Kinnicutt 
and Sandford, J. Amer. Cflem. Soc. 1900, 22, 14 ; 1 
Fillanger, Chem. Zeit. 1903, 27, Rep. 126 ; Levy 
and Pecoul, Compt. rend. 1905, 140, 98 ; Fr. 
Pat. 349714, 1904; 14216g, 190G ; « Morgan 


| and McWEorter, J. Amer. Chem. Soo. 1906, 29, 
1589 ; Goutal, Ann. Chim. anal. 1910, 15 ; 
Graham and Wnunill, Chem. Soc. Trans. 1914, 
105, 1996 ; Sinnatt and Cramer, Analyst, 1914, 
163 ; Froboeso, Zeitsch. anal. Chem. 1915, 64, 
1 ; Graham. J. Soc. Chem. Ind. 1919, 10 T.). 

Carbon monoxide is oxidised quantita- 
tively to carbon dioxide by passing it over 
yellow mercuric oxide heated to 100° (Moser 
and Schmid, Zeitsch. anal. Chem. 1914, 63, 217)! 
Clowes recommends the flame cap test as an 
accurate and rapid method for detecting carbon 
monoxide (Bnt. Assoc. Report, Chem. Zeit. 
1896) ; whilst to .detect the presence of carbon 
monoxide m mines, Haldane and also Herman 
(J. Soc. Chem Ind. 1896, 854) recommend the 
use of mice, which are very rapidly allected by 
small quantities of carbon monoxide. For a 
method of determining small quantities of 
carbon monoxide m hydrogen as used lor 
ammonia synthesis, see L\ K. Rideal and 
Taylor, Analyst, 1919, 89. 

According to Leblanc (Ann Clum. I’hys. |3] 
6, 223), it is chiefly the presence of this gas that 
causes the poisonous action of air in which 
charcoal has been burnt. Uhe gaseB from a 
charcoal lire may contain up to 1'8 p.c. of carbon 
monoxide, those from a petrol engine 7 '32 p.o. 
(in these gases the quantity of carbon monoxide 
exceeds that of the carbon dioxide), whilst the 
combustion products from gas-heaters contain 
from 1 part in 15,000 to 0 3 pc., according to 
the supply of air to the burner. A small pro- 
portion of carbon monoxide in a dusty atmo- 
sphere constitutes a dangerously explosive 
mixtuie. It combinos with the red colouring 
matter of the blood-formmg carboxyhamo- 
globm, and may be recognised by its absorption 
spectrum, which is almost identical with that 
of oxygenated blood, and is characterised by 
two bands between I) and K On the addition 
of ammonium sulphide, these disappear in the 
case of oxygenated blood, and the spectrum 
shows one band midway between D and E, but 
remains unchanged if carbon monoxide is 
present (Vogel, Ber. 11, 235; lloppo-Seyler, 

: Zoitsch. anal. Chem. 3, 439 ; also Preyer, 
J. 1867, 802 ; Nawrocln, J. 16, 640 ; Grehaut, 
Compt. rend. 87, 193 ; St. Martm, ibid. 1892, 
1 4, 1006). According to Nioloux (ibid. 1898, 
126, 1626, 1595), carbon monoxide is a normal 
constituent of dog’B blood, but this has been 
domed by Buckmaster and Gardner (Proc. Roy. 

! Soc. B, 1909, 81, 516). Carbon monoxide burns 
ordinarily with a blue flame, which, by previous 
i heating, becomes red, generating carbon dioxide, 
j Tho temperature of its flame in air is about 
1400° (Valerius, J. 1874, 58). According to 
I Wieland (Ber. 1912, 45, 679), formic acid is an 
intermediate product in the combustion of 
carbon monoxide, and can be detected by 
allowing the flame to play upon ice. When 
dry it is not changed by the electric current nor 
by ignited platinum wire, but when standing 
over water it is decomposed by a glowing 
platinum spiral (Buff and Hofmann, Chem. Soc. 
TranB. 1860, 12, 273). When not absolutely 
dry, it may be exploded with oxygen by tho 
electric spark or by platinum wire heated to 
300° or* by spongy platinum at ordinary tem- 
peratures. 2 vols. CO unite with 1 vol. 0, 
forming 2 vols. CO a . 
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• Dixon (Phil. Trans. 1884, 617) has ^hown that 
no action takes place when a spark is passed into 
a mixture of perfectly dry carbon monoxide and 
oxygen, but that a mere traoe of moisture renders 
the mixture explosive. The combination takes 
place very slowly in presence of small quantities 
of steam, and increases m rapidity with the 
quantity of steam present. Probable reactions : 

2CO+2H a O=2CO a +2H a 

2H a +Oj=2H a O 

Hence the steam acts as a carrier of oxygen 
to carbon monoxde ( v . Dixon, Chem. Soc. Trans. 
49, 94). • 

kSmall quantities of other, gases than steam 
were tjied : if the gas contained hydrogen, ex- 
plosion ocgurrod, if the gaB contained no hydro- 
gen, no explosion occurred. When a mixture of 
oarbon monoxide and steam is heated to about 
000°, a portion of the carbon monoxide is 
oxidised. If the carbon dioxide is removed as 
it is formed, the whole may be oxidised L. 
Meyer’s experiments (Ber. 19, 1099) seem to 
prove that a dry mixture of carbon monoxide and 
oxygen can be exploded if a very strong spark is 
used, and a sufficiently high temperature then 
obtained, and if the gases are under considerable 
pressure. When sparks from an induction coil 
are passed through a mixture of carbon mon- 
oxide and steam, carbon dioxide, a little formic 
acid, and sometimes carbon, are form oil ( Dixon, 
Ohem. Soc. Trans. 49, 94). When to a mixture 
of dry carbon monoxide and hydrogen, oxygen 
insufficient for complete combustion is added, 
and the mixture exploded by the spark, carbon 
dioxide and steam are formed in a ratio dependent 
upon the shape of the vessel and the pressure up 
to a certain limit, called the ‘ critical pressure.’ 
Above this pressure the ratio of the formation 
of carbon dioxido and water is independent of 
the shape of the vessel. Tho critical pressure 
becomes lower the larger the quantity of oxygen 
used. The ratio CO+ll a O : C() 3 -f H a remains 
constant so long as the vol. of the hydrogen is 
more than twice that of the oxygen, provided 
no steam condenses, and the pressure is above 
the critical pressure. When the vol. of hydrogen 
is less than twice the vol. of oxygen, the abovo 
ratio diminishes. Tho presence of an inert 
gas increases tho formation of carbon dioxide 
and diminishes that of water, hence it lowers 
the value of the ratio CO+H a O : CO a -(-H 2 . 
This ratio is called the ‘ coefficient of affinity ’ 
of the reaction (Dixon, Phil. Trans. 1884, 017 ; 
Chem. Soc. Trans. 49, 94). According to 
Brodie, when carbon monoxide and hydrogen 
are submitted to the action of the silent discharge, 
marsh gas is formed by synthesis ; when pure and 
dry carbon monoxide is circulated s through the 
induction tube, it is decomposed, carbon dioxide 
being formed together with other ‘ oxy-earbons ’ 
of the formula; C 4 0 3 and C 6 0 4 (Brodie, Proc. 
Roy. Soc. 21, 245). 

Carbon monoxide is converted into carbon 
dioxido under the influence of nascent oxygen 
from chromic aoid (Ludwig, Annalen, 142, 47), 
but not by ozone, either in diffused daylight or 
in direct^ sunshine (Remsen and Southwark, 
Amer. J. Sci. [3] 11, 136). It is likewise oxidised 
by palladium charged with hydrogen in presence 
of oxygen and water (Traube, Ber. 15, 2325, 
2854 ; 16, 123 ; Remsen and JKe;ser, ibid. 17, 
Vol. IL— T. 
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83 ; Wieland, Ber. 1912, 46, 6^9) ; by mixing 
with oxygen and passing over platinum black ; 
by nitrio oxide (Hasenbach, J, pi 1 . Chem. [2] 4, 

1 ) ; by heating with metallio oxides and with 
many oxysalts. Adsorbed on ‘ activated ’ 
platinum it is rapidly converted into oarbon 
dioxide in contact with oxygen. 

When passed over finely divided metals, such 
as nickel, cobalt, or iron, the quantity of carbon 
dioxide formed depends on tho temperature and 
tho metal (Znnmermann, Ber. 1903, 36, 1231 ; 
Sabatier and Sendcrens, Bull. Soc. ohim. 1903, 
29, 294; Bortholot, Compt, rend. 1891, 112, 
594 : Van Broakedensen and Horst, Reo. trav, 
clam. 19, 27 ; Smits and Wolff, Zeitsoh. physikal. 
Chem. 1903, 45, 199; Charpy, Compt. rend. 
1903, 137, 120 ; Boudouard, ibid. 1899, 128, 
1522) In some cases a volatile carbonyl com- 
pound is formed of the type M(CO) 4 (Lange and 
Quincke, Chem. Soe. Proc. 1890, 112; 1891, 
117; Wartlia, (Jhem. Zeit. 1891, 15, 915; 
(farmer, Compt. rend. 1891, 113, 189; Gautz, 
Bull. Soe chim. 1892, 13, 278 ; Bertholet, 1892, 
43 1 , 134 ; Sabatier and Sendcrens, l.c . ). Accord- 
ing to (fautz (Compt. rend. 1892, 114, 115), at 
400° carbon monoxide reacts with manganese 
and iron, thus: CO+Mn- MnO+C. Carbon 
monoxide passes through cast and wrought iron 
when heated to redness, and, according toSieverts 
and Krumbhaar (Ber. 1910, 43, 893), it dissolves 
in nickel and cobalt, but not in copper. 

Minute quantities of carbon monoxide reduce 
gold chloride, and also gold, silver, and mercury 
oxides (Fay and Seeker, J. Amer. Chem. Soc. 
1903, 25, 641). Brunck (Zoitsch. angew. Chem. 
1912, 25, 2479) has proposed to employ its 
reducing action on palladium chlorido (soaium- 
palladnus chloride) as a method of estimating 
small quantities of carbon monoxide. 

When an electric spark is sent through a 
mixture of ammonia and carbon monoxide, 
ammonium eyanato is ehiofly formed (Northall 
Laurie, Chem. Soe. Trans 1905, 433). 

Pure carbon monoxide forms a colourless 
transparent liquid under 200-300 atmospheres 
at— 139°, and solidifies to a snowy mass in vacud 
at —211° (Olszewski, Compt. rend. 99, 706 ; 100, 
350 ; Wroblewski and Olszewski, Ann. Chim. 
Phys. [0J 1, 112). 

Oarbon monoxide combines with potassium 
at about 80° to form an explosive oompound, 
KCO (Brodie, Chem. Soc. Trans. 1860, 12, 269). 
It is rapidly absorbed by a solution of cuprous 
chloride in ammonia or hydrochloric aoid, by 
which means it may be directly estimated in a 
gaseous mixture (cf. Thomas, Chem. News, 37, 6). 
According to Manchot ami Brandt (Annalen, 
1909, 370, 286), it forms the oompound 
CuCl*CO,2HjO, with copper chloride, and the 
2H a O can be replaced by 2NH 3 . It is also ab- 
sorbed by moist silver oxide. It unites directly 
with chlorine, forming phosgene gas (Schiitzen- 
borger, Zoitsch. f. Chom. [2] 4, 321). It is absorbed 
by heated potassium hydroxide at about 200°, 

| forming potassium formate (Berthelot, Ann. 

I Chim. Phys. [3] 61, 463). Frohlich and Geuther 
(Annalen, 202, 317) recommend passing carbon 
monoxide over soda-lime for this purpose. It 
combines with sulphur to form carbon oxysul- 
i phide ; with platjjnfim tetrachloride to form 
C 3 O s PtCl 4 and C a O a PtCl a (Schiitzenberger, Amu 
I Chim. Phys. [4] 21, 430). It is rapidly absorbed 

T 
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by anhydrous hydrocyanic acid cooled by a 
freezing mixture, two layers being formed, but 
the gas is evolved on removing the tube from 
the mixture (Bottinger, Ber. 10, 1122). It acta 
on metallic alcoholates with formation of acids 
by synthesis (Geuther, Annalen, 202, 288 ; 
Sehroeder. ibid. 221, 34). 

Carbon monoxide has been used in electro- 
lytic cells by Haber and Moser (Zeitsch. Rlektro- 
ohem. 1905, n. 593). 

Carbon dioxide, Carbonic anhydride. Car 
borne and. Caseous. — Sp.gr. 1 ‘52909 (Rayleigh) ; 
1-52894 (Leduc). V.D. 22-42 at 800°; 21*2 at 
1180° (Meyer and Goldschmidt, Ber. 1882, 15, 
1105). 

Specific heat (const, vol.), 0‘33 (equal vol. 
air-1); 0-2109 (equal wt. air -1) (Regnault, 
Compt. rend. 30, 070, etc. ; Wiedemann, Pogg. 
Ann. 157, 24). Ratio of specific heat at const, 
press, to specific heat at constant volume 
= 1*29— J -305 (Amagat. and Rdntgen, Compt. 
rend. 71, 330; 77, 1325). Coefficient of ex- 
pansion=0-0037 (Regnault, Magnus, and ,Jolv) 
PV/P,V r 1-00722 (Regnault,, dnd. 20, 975) ; 'at. 
200° carbon dioxide obeys Boyle’s Law (Amagat, 
ibid. 08, 1170’; 73, 183) 

w c =1-000395; w E =1 000350; w Q =1-000490 
(Croullebois, Ann. Chim. Pliys. [4] 20, 130 ; 
Chapman and Riviere, Compt. rend. 103, 37). 
Hoat of formation (const, press.) (C-f O a ) 
=90-90 ; (CO 4-0) - 07*90 : hoat of formation 
(const, vol.) (C-f O 2 )=9O-90 ; (CO 4 -O) =07*67 ; 
(C+ 0 3 4 - Aq) = 102*84 ; (C04-04-Aq) -73-84 ; 
(CO a + Aq) = 5-88; (CO a Aq + wNaOHAq) 
= 11-010 (n=l); 20-184 (w = 2); 20-592 (w-- 4) 
(Thomsen). 

Solubility of C0 2 in water (Bunsen. Annalen, 
93,1):— 

at 0°= 1-7907 ftt7°~ 1-3339 at 14° - 1-0321 

1°=1 7207 8° =1-2809 15° =1-0020 

2° =1-0481 9° -1-2311 10°=0 9753 

3°= 1-5787 10° =1-1 847 1 7° =0-9519 

4° =1-5120 ll° = l-141« 18° 0-9318 

5°= 1-4497 J2°=1-101K 19° ■ -=0-9150 

6°-= 1-3901 13°= 1-0053 20° =0-9014 

whence absorption coefficient 

-= 1-7907 —0-07701 /-(-0-00 101 24/* 

For influence of non-electrolytos on the 
solubility of carbon dioxide in water, see Usher 
(Chem. Soc. Trans. 1910, 97, 00). 

Solubility of OO a in alcohol : — 
at 3 -2° =4 *0442 at 14-3°=3-3257 

6-8°=3-7374 18° =3-0391 

10-4°=3-4875 22-0° =2 -8277 

whence absorption coefficient 

=4 -32955 -0-09395/ 4- 0-001 24/ * 

For the solubility of carbon dioxide in beer, 
see Langer and Sohultze (Zeitsch. fur des ges. 
Brjniwesen, 1879, 2, 369) ; Emslandcr and 
Freundlioh (Zeitsch. physikal. Chem. 1904, 49, 
,317) ; Findlay and tlpen (Chem. Soo. Trans. 
1911, 1313). 

Liquid. — Sp.gr. 1-057 at r-34°; 0-960 at 
-11°; 0-84 at4-ll°; 0*726 at 4-22*2° (Caille- 
tet and Mathias, Compt. rend. 102, 1202). Co- 
efficient of expansion vejy large, 120 vols. at 
—20° become 150 vols. at 4»30° (Thilorier, Ann. 
Chim. Phys. 60, ii. 427). 

Critical temperature 30*9° (Andrews, Phil. 


Trans. 1869, 575), 31*35° with a corresponding 
pressure or 72-0 atmos. (Amagat). 31 -9 s and a 
pressure of 77 atmos. (Dewar). Vap. press, in 
atmos. (Regnault) 17*1 at —25° ; 30-9 at — 5° ; 
35-4 at 0° ; 40 5 at 4-5° ; 52‘2 at 15° ; 66 at 
25. B.p. —78*2° at atmos. press. (Regnault). 

Solid. — Sp. gr. slightly undor 1-2 (Landolt, 
Bor. 1884, 17, 309). Vap. press, in atmos. 
(Faraday) 5-33 at -57° ; 2 '2 at -70 '5°; 144 at 
—99-4°. When solid C0 2 is exposed to the air, 
the temperature remains constant at —78° to 
—79° (Villard and Jarry ; Puuillet ; Reg- 
nault). 

Carbon dioxide waB known to Paracelsus and 
Van Holmont, and was carefully studied by 
Cavendish. Its true composition was first 
demonstrated by Lavoisier in 177£. It was 
liquefied by Davy and solidified by Thilorier. 
It is formed by t/ho combustion of carbon m 
oxygen or air (Dixon, Chem. Soc. Proe. 1899, 
118; Nauwaan, Zeitsch, nngew. Chem. 1896, 
200). According to Potter (Proe. Roy. Soc. 
1908, 80, B, 239), amorphous carbon, such as 
charcoal, lampblack, coal, &c., when exposed 
to air, is slowly oxidised by the agency of bacteria, 
to carbon dioxide, the amount of which increases 
with rise, in temperature. Tho temperature 
at which carbon will form carbon dioxide 
and monoxide, when heated in oxygen, de* 
pends largely on whether the temperature has 
been reached by heating or cooling (Manville, 
Compt. rend. 1906, 142, 1190). The presence of 
moisturo is necessary for the combustion ol 
carbon in oxygen (Breroton Baker, Chem. Soo. 
Trans. 1885, 349 ; Rheafi and Wheolcr, Chem. 
Soc. Trans. 1912, 101, 846; ibid. 1913, 103, 
1210). It iB a constant product of ordinary 
processes of combustion. It iB also formed by 
the respiration of animals, in various processes 
of fermentation, and by tho decay of animal 
and vegetable substances. It is evolved from 
fissures in the ground in volcanic districts, and 
from the orators of active volcanoes, and exists 
in solution in natural waters, some of which 
contain it in such quantities as to effervesce. It 
is found also in mines, quarrios, wells, and 
caverns, particularly in limestone districts. It 
is a constant constituent of the atmosphere, 
which contains on the average about 0'034 p.c 
The air in streets often contains as much as 0-05 
to 0-09 p.c. In orowded rooms it may reaoh 
0'3 p.c. It is further produced by the decom- 
osition of carbonates either by the action of 
eat or of stronger acids, and is frequently 
formed when organic bodies are subjected to high 
temperatures. In the reduction of many metallio 
oxides by carbon: by burning carbon monoxide; 
by heating together carbon monoxide and steam; 
and by the action of steam on calcium carbonate 
at red hoat ; by heating a mixture of potassium 
dichromate and sodium carbonate. 

Best prepared by acting on chalk, marble, or 
magnesite with dilute hydrochloric acid solution. 
The gas may be collected over water or by dis- 
lacement of air. On the large scale it is obtained 
y heating chalk or limestone to redness in iron 
or earthen vessels (m lime burning) or by burn- 
ing charcoal. It is manufactured also as a by- 
product in the combustion of fuel. Also pure 
on largq. scale by heating oarbonates with steam 
(J. Soc. Chem. lnd. 3, 568). 

According tp Thom and Pryor (ibid. 1909, 
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1687), pure carbon dioxide oan be manufactured 
from UmeBtone by the following process : The 
limestone is heated in closed retorts around a 
central combustion chamber, beneath which is 
a furnace, the whole apparatus being enclosed 
in a easting which excludes air from the retorts. 
Superheated steam is admitted to the retorts at 
their lower ends, and this decomposes the lime- 
stone and carries the carbon dioxide through 
outlets at the top of each retort, leading to a 
collecting gas main running round the top of the 
casting. The retorts have closely fitting mouth- 
pieces, at which they are charged and discharged 
respectively. By a system of air and waste-gas 
flues, perfect combustion and the fullest use of 
heat from the waste gases is ensured (Eng. Tats. 
20102, 24«32, 1908). 

Carbon dioxide is obtained commercially 
from natural waters from the Saratoga springs m 
New York, and also m South Germany. In 
North Germany the gas is obtained by the 
combustion of joke, which is generally considered 
to be tin cheapest anil best commercial method 
of producing carbon dioxide. Coke is burnt m 
a generator, A (Fig 11); the produets pass into 
a combustion chamber, u, into which hot air is 


it leaves, almost saturated, by the overflow siphon 
and accumulates in the tank l, The pump j 
then drives it through the tubular vessels M and 
0 (where it iB heated to 60° and 90° respectively) 
into the heater c, where its temporature is raised 
to 100°. The 4 poor ley ’ circulates in the 
opposite direction back to the tank x. The 
carbon dioxide evolved from c passes into a 
cooler, then to a gasholder (Schwatolla, Zoitsch. 
angew. Chem. 1900, 1284). 

Other methods of obtaining carbon dioxide 
from coke are described by Candia and Merlini 
(J. Sue. Chem. Ind. 1908, 847), Leslie (ibid. 
190f*. 240), Gravdlon (ibid. 1900, 164 ; Eng. Pat. 
8377, 1904), and many others. 

Numerous patents also exist for obtaining 
carbon dioxide from furnace gases and from lime 
kilns, most of which de- 
pend upon its absorption 
1)V potassium or sodium 
carbonate solution, from 
which it is then boiled 
off (Hylands, J. Soc. 

Chem. Ind 1892, 1005). 

Leslie (ibul. 1907, 

088) describes a some- 
what different method. 

I’he furnace gasos pass 



Fig. 14. 


admitted to complete the combustion, thus 
oxidising all the carbon monoxide and hydrogen 
sulphide. The hot gasos now pass through 
tubes contained in the vessel e, thus heating 
and decomposing the bicarbonate solution 
contained in this vessel. The gas now passes 
through one or more wash tow'ers, l), containing 
limestone over which water trickles, and ib 
freed here from dust and sulphur dioxide, e is a 
blower or fan, which sucks the gas through the 
furnace and drives it through the absorbing 
apparatus, f is a rectangular vessel filled with 
potash ley, and provided with a number of semi- 
circular baffle plates, so arranged that the gas 
accumulates under each successively, thus re- 
maining exposed for a considerable time under 
the pressure of the column of fluid to a large 
Burface of liquid. The absorption is further 
helped by an agitator, which throws the liquid 
into the ujbper portion of the vessel. From f 
the gas "passes into the tower o, where the 
absorption is practically completed, and then 
leaves tjie apparatus. The circulation of the 
potash ley starts from the tank k, whence it is 
pumped by h through the Korting’s jets into the 
upper part of o, which is thus filled with fine 
spray. The siphon at the bottom of the tower 
delivers the partially saturated ley into f, which 


compressed, after which they arc cooled in a heat 
mterclianger, from which they are led to a drying 
vessel, containing calcium chloride, into a re- 
frigerator, in which the carbon dioxide is con- 
densed to snow ; the other gases, Btill above 
their critical temperature, are passed hack 
through the interchanger, whilst the carbon 
dioxide is liquefied and drawn off into tubes 
and cylinders (Eng. Pat. 11902, 1906). 

A mctlidd of obtaining sterilised carbon 
dioxide, with disinfecting properties, is described 
by Bouchaud-Praceiq (J. Soc. Chem. Ind. 
1908, 994). 

Many attempts have been made to collect 
the carbon dioxide given off during fermenta- 
tion processes, and some of these have been 
successful from a commercial and industrial 
point of view. 

Mixtures of a carbonate or bicarbonate with 
a salt or double salt, width is readily bydrolyred 
in aqueous solutions, have been prepared for 
the generation* of carbon dioxide (Menter and 
Sedlitzky, J. Soc. Chem. Ind. 1908, 1161 ; Eng. 
Pat. 14863, 1908). 

Ageron and Reqgy (J. Soc. Chem* Ind. 1906, 
847) have prepared a compound by heating a 
mixture of magnesium sulphate and sodium 
sulphate or bisulphate with sulphuric acid, 
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which they use as a substitute for acids in 
liberating carbon dioxide from carbonates. 

Carbon dioxide is a colourless, inodorous gas, 
neither combustible nor a supporter of combus- 
tion. Strongly heated potassium or sodium and 
brightly burning magnesium burn m carbon 
dioxide. 

When quite dry it has no action upon litmus, 
but if moisture be present the litmus is coloured 
wine-red. The colour disappears on exposure 
to air, owing to escape of the gas. Passed into 
lime-water, carbon dioxide renders it turbid, 
owing to the formation of calcium carbonate, 
but if the gas be in excess, the neutral carbonate 
is converted into an acid carbonate, and the 
liquid becomes clear. 

Carbon dioxido is rapidly absorbed by a solu- 
tion of caustic potash. 

Between —85° and +54° absolutely dry 
carbon dioxide does not react with absolutely 
dry alkali hydroxides. At or above 54°, the 
dry substances do react, and at 85° a trace of 
moisturo at once starts the reaction, winch is 
completed very rapidly (Moissan, Compt. rend. 
1903, 130, 723)-. It is also absorbed by Bulphuric 
acid [I00a=92o], where a -Bunsen’s absorption 
coefficient (Bohr, Chem. Zentr. 1910, ii. 1414). 

Its solution in wator has a sp.gr. P0018. 
It has a slightly acid taste, colours litmus wine- 
red, and partially neutralises alkalis and dissolves 
carbonates of barium, strontium, calcium, and 
magnesium, &o. 

The solution corrodes iron. Krohake (J Soc. 
Chem. Ind. 1900, 520) found that water contain- 
ing about 40 mgrms. of C0 2 per litre reduced iron 
pipes in a short time from 26 mm. to 7 mm. 
diameter, owing to the formation of a brown 
crust, the pipe itself being corroded to a depth 
of 1-3 ’5 mm. 

Its solution in water probably contains 
carbonic acid H 2 C0 3 . At ordinary tempera- 
tures, and under 1 atmosphere, the mass of 
carbon dioxide dissolved increases as the pressure. 
But at pressures of 2, 3, or more atmospheres, the 
masts of carbon dioxide dissolved is less than that 
calculated by Dalton and Henry’s law (v. 
K*hanikoff and Louguinine, Ann. Chim. Phys. 
[4] 11, 412). By the action of carbon dioxide 
under pressure on water at low temperatures, 
the crystalline hydrates C0 2 ,6H 2 0 (Villard, 
Compt. rend. 1894, 119, 368), 00 2 ,8H 2 0, and 
C0 a ,9H 8 0 (Hempcl and Seidel, Ber. 1898, 31, 
2997) have been obtained. 

Water which has been saturated with carbon 
dioxide under pressure gives it up as soon as the 
pressure is removed. This property is made use 
of in the manufacture of effervescing drinks and 
aSrated waters (v. Aerated waters). 

Under the same pressure the volume of gas 
absorbed by water diminishes as the temperature 
rises, the whole of the gas being expelled at 
boiling heat. Hence carbonic acid water, hold 
ing an earthy carbonate in solution, doposits it 
when the water is boiled. This is the cause of 
the furring of kettles, boilers, &o., in which 
spring or river waters have been 'boiled. 

Potassium burns in carbon dioxide at a red 
heat with a red incandesoence, depositing char- 
coal mixed with potassium*carbonate. Sodium 
decomposes it in a similar m&nner, as do phos- 
phorus and boron in presenoe of an alkali. 

It is decomposed by the electrio spirit ( into 


carbon monoxide and oxygen, if hydrogen, dr 
mercury, or some other metal is present to com- 
bine with the oxygen, otherwise the carbon 
monoxide and oxygen recombine to form carbon 
dioxide (Collie, Chem. Soc. Trans. 1901, 1003). 

Partly decomposed by electric sparks, a 
condition of equilibrium is attained when change 
of C0 2 into CO f O equals that of CO-f O into 
C0 2 (Dixon and Lowe, Chem. Soe.TranB. 47, 571). 

Carbon dioxide is decomposed by the silent 
electric discharge, the amount of decomposition 
varying with the degree of dryness of the gas, 
the intensity of the discharge, and the form of 
ozomser employed, but m all cases a diminished 
pressure of tho gas ‘results in a greater decompo- 
sition (Holt, Chem. Soc. Proc. 1908, 24, 271). 

Ultra-violet light decomposes dity carbon 
dioxide at the ordinary temperature into carbon 
monoxide and oxygen ; similar results arc ob- 
tained by the action of radium emanations 
(Hcrschfinkel, Compt. rend. 1909, 149, 395; 
Ramsbottom, Chadwick, and Chapman, ( 'hem. 
Soe. Proc. 1906, 23). 

It is partly changed to carbon monoxide and 
oxygen by heating to 1300° m a porcelain tube 
(Deville, Compt. rend. 66, 729 ; also Berthelot, 
ibid. 68, 1035) 

When heated at 350° with hydrogen over 
reduced nickel oi cobalt, it is completely reduced 
to methane (Sabatier and Scnderens, ibid. 1902, 
134 689). 

With carbon at 500°-650°, it forms carbon 
monoxide, equilibrium 1 icing reached when the 
mixture of gases contains 61 p.e. unreduced C0 2 
(Boudouard, ibid. 1899, 128, 824, 1524 ; 1905, 
141, 252). 

Mixed with hydrogen and heated to bright 
redness, or submitted to induction sparks, 
carbon monoxide and water are formed ; if 
the water is removed, the whole is converted 
to carbon monoxide (Dixon, Chem. Soc. Trans. 
49, 94 ; Gautier, Bull. Soe. chilli. 1906, 35, 929). 
A mixture of carbon dioxide and hydrogen 
passed over red-hot pumice yields carbon and 
water (Dubrunfaut, Compt, rend. 74, 125). 

Mixed with sulphur-vapour and passed 
through a red-hot tube it gives carbon monoxide, 
sulphur dioxide, and a little carbon oxysulphide 
(Berthelot, Bull. Soc. chim. [2] 40, 362). Passed 
through a red-hot tube with sulphuretted 
hydrogen, it forms carbon monoxide, water, and 
sulphur (Kohler, ibid. 11, 205). Reduced to 
carbon monoxide by hydrogen, iron, and zinc 
or copper which has occluded hydrogen (TiBsan- 
dier, Compt. rend. 74, 531 ; Schrotter, Wied. Ann. 
34, 27) ; by potassium cyanide (Piloart, Chem. 
News, 54, 88) ; by protoxides of iron and tin 
(Wagner, Zeitsch. anal. Chem. 1879, 559) ; and 
partially by ferrous sulphate, and a little water 
m a closed tube (Horsford, Ber. 6, 1390). 

Carbon dioxide is reduced to carbon by 
heating with potassium, sodium, magnesium, or 
silicon (Sehmole, J. Soe. Chem. Ind. 1895, 1060). 
Alkaline carbonates heated strongly with phos- 
phorus or boron give carbon dioxide, which is 
reduced to carbon (Tennant, Crelles Annalen, 
[1793] 1, 158; Dragendorff, J. 1861, 111; 
Leeds, Bull. Soc. Chim. 12, 1834 and 2131); 
decomposes moist potassium iodide at high 
temperatures, yielding hydriodio acid (Papa- 
sogli, Gazz. chim. ital 1881, 227); it also 
decomposes aikeriine aluminates (Ditte, Compt. 
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rend. 1893, 116, 386) ; and, according to Moore, 
liberates nitrous acid from nitrites (J. Amer, 
Chem. Soe. 1904, 26, 969). Solution of carbon 
dioxido in water yields sodium formate with 
metallic sodium (Kolbe and Schmidt, Annalen, 
119, 261). Carbon dioxide is assimilated by the 
chlorophyll of plants under the influence of 
sunlight, carbon being abstracted and oxygen set 
free. Carbon dioxide diffuses through caoutchouc 
(Kobbc, Chem. Zoit. 1890, 14. 1142). 

The specific heat of carbon dioxide is greater 
at high than at ordinary temperatures (Bertlielot 
and Vieillo, Compt. rend. 98, 770 and 862). 
According to Hoppe -Seyler .(Zeitsch, physikal. 
Chem. 10, 201, and 10, 401), the carbonic acid 
and marsh gas found in water-logged soils is due 
to a widespread process of fomentation of 
cellulose. 

In any working- or living-room the carbon 
dioxide should not bo more than 10 volumes per 
10,000 of air. 

To estimate tin* carbon dioxide in air, a 
measured sample of the air is passed through a 
known quantity of bainun hydroxide, coloured 
with phenolphthalein, and by noting the quantity 
of air needed to decolourise the hydroxide the 
carbon dioxide can be calculated. The method 
is sometimes modilied by using a limited volume 
of air, and titrating the hydroxide remaining 
unneutralised (liallo, Bor. 1884, 1097, Wiener, 
Monatsh. 189 I, 15, 429; Henriet, Compt. rend. 
1896, 123, 125 ; Woodman, J. Amer. Chem. Soc. 
1903, 25, J50 ; Jean, Compt. rend 1002, 135, 
746 ; J. Pham. Chun. 1903, 27, 418 ; Kvoul 
and Levy, J. Soc. Chem. lnd 1906, 655 ; Davies 
and McLellun, ibid. 1909, 232). 

Carbon dioxide is used extensively in the arts 
for the manufacture of aerated waters, in sugar 
manufacture lor separating lime from the juiee of 
the sugar-cane, in bread making, and for raising 
and clarifying boor. 

It is also employed for protectmg wines from 
moulds and acetifying organisms. Jt preserves 
their aroma and bouquet, and makes the wine 
fresher, sweeter, and stronger. Wines can also 
bo revivified by the gas (Piaz, J. See Chem. 
lnd. 1891, 266 ; 1903, 644; Pini, Bull, do 
1’ Assoc, des Chim. J 898, 15,741). It also pos- 
sesses antiseptic properties and rotards the putre- 
faction of moat (Kolbe, J. pr. Chem. [2J 28, 61). 
It has also been proposed to use it as a motive 
power where fuel is expensive (Herbert, Chem. 
Zcntr. 1885, 543, 558, 572). 

Mixed with acetylene (about 5-8 p.c.), it 
decreases the smokiness of the flame and prevents 
the clogging of the burners (J. Gas Lighting, 
1898, 72, 916). 

Liquid carbon dioxide (Buchner, Zeitseh. 
physikal Chem. 1906, 54, 665) can be obtained 
in large quantities by an apparatus described by 
Thilorier (Annalen, 30, 122). Natterer com- 
pressed carbon dioxide by a specially constructed 
air-pump (J. pr. Chom. 35, 169); v. also Gore, 
Phil. Trans. 1861, 63). It is prepared from bisul- 
phates by the action of carbonates, the apparatus 
consisting essentially of a leaden vessel containing 
a solutiofl of the bisulphate and having a stirring 
apparatus and gear fixed air-tight to it. By 
means of a tube and pump an equivalent quantity 
of calcium carbonate (obtained as* a waste 
produot in the manufacture of # caustic soda) 
suspended in water a second vessel is forced 


in and the stirrer set m motion. The liberated 
carbon dioxide is dried and passed into a gaso- 
meter from which it is afterwards condensed. 
An apparatus is also described which allows the 
evaporation and ’expansion of liquid carbon 
dioxide to take place round a tube containing a 
solution of calcium chloride. The latter is so 
cooled that it may bo used for the manufacture 
of ice. The carbon dioxide thus used is passed 
over moist Bodium carbonate, converting it into 
bicarbonate, which may be again UBed in the 
carbonic acid •manufactory (Thomas, Zeitseh. 
angew. Chem. 1900, 386). (Bor description and 
figure of apparatus for liquifying C0 2 and for 
bottles in which it is stored and sold, see Sisson, 
J. Soc. Chem. lnd. 1904, 242.) 

Liquid carbon dioxide may be bought in iron 
or steel bottles containing 8 kilos, (about 4000 
litres of the gas at ordinary temperature and 
pressure), costing about 1 sh. per kilo. It 
furnishes the cheapest means for aerating 
waters, and is used for raising sunken ships, for 
driving torpedoes, for extinguish mg fires, for 
cooling purposes, and, as ‘ Pictet's fluid,’ for 
freezing machines, and by the firm of Krupp, 
m Essen, for the condensation of steel and other 
metals, and is further suggested as a motive 
power for tramcars and balloons (J. Soc. Chem. 
lnd. 4, 610). 

It is also used for making carbonates and 
other chemical products, for filtering and sterilis- 
ing organic liquids (d’Arsonval, Compt. rend. 
1891, 1 12, 667), and in Germany for tho genera- 
tion of pressure on storage casks of beer to the 
faucets above where tho beer is drawn for con- 
sumption. In Engineering, Dec. 3, 1903, a 
description is given of its use in railway signalling 
in outlying stations, to supply the motive power 
for working the signals, so as to avoid the expense 
of compression machinery or of long lengths of 
connecting pipes. 

Liquid carbon dioxide is colourless, very 
soluble in alcohol, other, and volatile oils, but 
does not mix with water. When the pressure is 
suddenly relieved, part of tho carbon dioxide 
immediately vaporises, producing sufficient oqld 
to sobdify the remainder. Landolt allows the 
liquid to evaporate freely into woollen bags, and 
compresses the solid carbon dioxide in conioal 
wooden moulds by wooden pistons (Ber. 17, 309) ; 
c/. Purcell (J. Soc. Chem. lnd. 1892, 936 ; Eng. 
Pat. 13684, 1891). A vessol for storing solid 
carbon dioxido is described by Heyl and Wultze 
(J. Soc. Chem. Ind. 1904, 1215 ; Eng. Pat. 
344957, 1904). 

An apparatus for obtaining small and large 
quantities of solid carbon dioxide is described 
by Eechlu (J. pr. Chem. 1903, 67, 423 ; J. Soc. 
Cbem. lnd. 1903, 626) ; also by Elsworthy (J. 
Soc. Chem. lnd. 1905, 1231). (For an apparatus 
for collecting solid carbon dioxide, v. Ducretet, 
Compt. rend. 99, 235. ) 

Solid carbon dioxide is a white, floeculent, 
snow-like mass, melting at —56-7° at 5 atmo- 
spheres pressure, and may be left exposed to the 
air for some time without sensible evaporation. 
An air or spirit thermometer immersed in it 
sinks to —79° ; it can, however, be placed on the 
hand without any # affiite sensation of oold. By 
mixing with ether its refrigerating power u 
greatly increased. This iB denied by Villard 
and* Jerry (he.) Jiut jbhe temperature sinks to 
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—85° when it is mixed with chloroform. The 
temperature can readily be reduced to —90° by 
passing a current of air through the mixture. At 
5 mm. pressure the temperature of solid carbon 
dioxide soon falls to — 1£5°. 

Magnesium powder burnt m a dish of solid 
CO a deposits carbon (Brunner, Ber. 1905, 38, 
1432). 

Compounds of Carbon. 

Carbon tetrabromide or Tetrabrommethane 

CBr 4 . White lustrous crystals of a character- 
istic pungent smell ; m.p. 91° ; b p. 189'5° 
with slight decomposition ; b.p. 101° at 50 mm. 
without decomposition. Occurs in two enantio- 
tropic forms (Rothmund, Zeitsch. physikal. 
Chom. 1899, 004). Insoluble' m water; soluble 
in alcohol, other, and chloroform. Best ob- 
tained by action of bromine on carbon disulphide 
in presence of iodine (Belas and droves, Chem. 
Soc. Trans. 1870, 101 ; 1871, 773). 

Carbon tribromide or Hexabromide, Tetra- 
brommctkykm dvbromuh - C 2 Br fi Small rect- 
angular prisms obtained by action of bromine 
on ethylene dibromide ; or by beating C 2 HBr 6 
with bromine and water at 170°. Soluble in 
carbon disulphide; insoluble in alcohol and other. 
Decomposed at 200° into C 2 Bi 4 and Br„ (Roboul, 
Annalcn, 124, 271). 

Carbon dibromide, Tcfrabrommeih ijlene C 2 Br 4 . 
White crystals ; m.p. 53" ; formed by action of 
nascent hydrogen on C 2 Br 8 (Lowig, Annalcn, 3, 
292 ; Lennox, Chem. Soc. Trans. J8(>2, 14, 209). 

Carbon bromide, lhbroniucclylidem • d. CBi 2 , 
b.p. 76°. Prepared from tetrabromocthanc by 
removal of two molecules of hvdrobromic acid. 
Spontaneously inflammable in an and vciv 
Explosive (Lcmoult, Bull. Soc chim 1905, 43, 
193). It contains a double bond (Lawne, Amcr. 
Chem. ,J. 1900, 30, 487). 

Chlortrlbrommethane C(’IBr 3 . Colourless 
lates ; m.p. 55° ; b.p. 100°. Prepared by 
eating chloroform with bromine at 250°, and 
retaining fraction distilling at 100° (Besson, 
Compt. rond. 1892, lit, 223). 

Dlchlordibrommethane CCI 2 Br ? . Fine needles; 
m.p, 22° ; b.p. 135°. Obtained from chloroform 
by action of bromine as above, retaining the 
fraction of the product boiling at about 135° 
’(Besson, l.c.). 

Trlchlorbrommethane C( , 1, 1 B’- ; nip. —21°; 
b.p. 104°. From chloroform and bromine (Besson, 
l.c.). From' bromine and trichloracetic acid 
(J. H. van’t Hoff, Bcr. 1877, 578). ‘ 

Chlorotribromethylene CCIBr : CBr 2 ; m.p. 
34°; b.p. 203°-205" at 734 mm. (Denzel, iUd. 
1879, 2208). 

aa-dichloro-/3^-dibromoethylene CC1 2 : CBr., ; 
b.p. 194° (Bourgom, Bull. Soc chim. 1875, 110; 
and Denzel, Annalen, 1879, 208). 

ajS-dlchloro-ajS-dibromoethylene CC1 Br. CCIBr; 
b.p. 172° at 765 mm. (Swarts, Chem. Zentr. 1899, 
i. 588). 

TriohlorobromoethyTene CCI 2 • CCIBr : m.p. 
-12° to -13° ; b.p. 145°-148° (Besson, Compt. 
rend. 1894, 119, 88). 

Chloropentabromoethane C 3 ClBr 8 ; m.p. 170° 
Denzel, Ber. 1879. 2207). 

aa-dlchloro-a)9)S^-tetrab«omoethane 

CClgBrCBr, 1 

Colourless crystals ; m.p. 180° (Denzel, Bor 
18i79, 2207). * r 


a S-dichIbro-aa/8/8-tetrabromoethane 

CClBr 2 -CClBr 2 

m.p. 191° (Swarts. Chem. Zontr. 1899, [1] 588). 
a)8)3 trichloro-aa^-tribromoethane 

CCIBr/CCljBr 

m.p. 178°-180° (Besson, Compt. rend. 1894, 88). 

a^/S-tetrachloro-aa-dlbromoethane 

CClBr 2 -CCl, 

j Prisms from alcohol ; smells like camphor. May 
be sublimed (Paternb, Gazz. chim. ital. 1, 593 ; 
Bourgom, Bull. Soc. chim. [2J 23, 4 ; Gossner, 
Chem. Zentr. 1903, ii. 1053). 

aa^-tetrachloro-a^-dibromoethane • 

CCI 2 BrCCl 2 Br 

Tables from alcohol (Malaguti, Ann. Clftm. PhyB. 

I 1846, 24 ; Gossner, Chem. Zentr. 1903, n. 1053). 

Fluorotribromomethane CBr 3 F, a colourless, 
lioavy, pleasant-smelling liquid, b.p. 1077700 
mm., obtained by heating carbon tetrabromide 
at 50°-60° with silver fluoride. 

Difluorodlbromomethane CBr 2 F 2 , a mobile 
liquid, bp. 24 57700 mm., m.p. below —80°, 
formed by the actum of the preceding compound 
on silver fluoride (Rathsburg, Ber. 1918, 51, 
609). 

Carbon tetrachloride or Tetrachlormethane 

CC1 4 was first obtained by Regnault (Annalen, 
1840, [33] 332), who prepared it by the action of 
chlorine on chlorform m sunshine : 

CH(V1-C1 2 = HC1-KX.11, 

Dumas afterwards obtained it by the action 
of chlorine upon marsh gas (Annalen, 1840, [33] 
187). It ean also be prepared by passing carbon 
| disulphide saturated with chlorine through a 
| red-hot tube. The mixture of carbon tetra- 
| chloride and sulphur chloride thus obtained is 
j treated with potash or milk of lime and tho 
tetrachloride distilled off (Kolhe, Annalcn, 1843, 
45, 41 ; 1845, 54, 146) The tetrachloride may 
contain carbon disulphide if that substaneo was 
in excess, or if the heat was insufficient. This 
may be removed by leaving the liquid for some 
time in contact with potash. Geuther removes 
the carbon disulphide by converting it into 
potassium xanthate by dissolving the mixture 
in alcohol, adding alcoholic potash so long as the 
liquid becomes darker in colour, and heating 
gently ; the unaltered tetrachloride is separated 
by water and purified by washing (Geuther, 
Annalen, 1858, 107, 212 ; and Selmitz-Dumont, 
Chem. Zentr. 1897, ii. 265). 

The completo chlorination of carbon disul- 
phide and of many other carbon compounds can 
be more readily accomplished in the presence of 
a chlorine carrier. Thus, in the case of carbon 
disulphide, bromine has been used (Crump, 
Chem. News, 1886, 14, 154) and iodine, both 
alone (Morel, Compt. rend. 1877, 84, 1460) 
and in the presence of metallic iron (Serra, 
Chem. Xentr. 1899, ii. 1098) ; antimony penta- 
chloride reacts with carbon disulphide alone, 
without the addition of chlorine. The mixture 
becomes hot, and on cooling deposits crystals 
of antimony trichloride mixed with sulphur, 
whilst carbon tetrachloride remains in* solution 
(Hofmann, Annalen, 1860, 115, 264). 

A lar^e number of other substances can be 
used as catalytic agents, e.g. molybdenum pen- 
tachloride (Aronjieim, Ber. 1876, 1788), the 
chlorides of phosphorus anc^ arsenic, and also a 
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series of chlorides of metals, especially those of 
the iron group. In the presence of these sub- 
stances, sulphur chloride reacts readily with 
oarbon and exoess of chlorine, giving carbon 
tetrachloride. A stream of chlorine is led over 
a red-hot mixture of charcoal and sulphur. 
Carbon disulphide is first formed, then carbon 
tetrachloride and sulphur monochlonde ; the 
latter then breaks up into chlorine and sulphur, 
and the process begins over again. The carbon 
tetrachloride prepared in this way is usually 
contaminated with sulphur chlorides and eklor- 
ethane compounds (Combes, Chcrn. Zentr. 1901), 

I, 320 ; J. Soc. Chem. Ind. 1902, 272 and 1469). 
In the presence of manganese chloride the 
reaction can be carried out with precipitation of 
sulphur, wdiich can be used to manufacture more 
carbon disulphide (Cote and Pierron, ibid. 
1903, 902: Fobvre, ibid. 1905, 1189). Other 
carbon compounds beside carbon disulphide 
can bo completely chlorinated. Thus chloro- 
form heated with iodine chloride at 105° gives 
carbon tetrachloride (Fnedel and (Silva, Bull. 
Soc chirn. 1872, 537), the same reaction taking 
place, to a slight extent, in the presence of 
aluminium trichloride instead of iodine chloride 
(Monneyrat, ibid. 1898, 202). 

Perehlormcthyl formate, when treated with 
aluminium chloride in the proportion of 50 
parts to 1 of chloride, also yields carbon tetra- 
chloride CCdOjj’CClfl CC1 4 \ CUjj (Hentschel, 

J. fir. Chem. 1877, 300) 

The technical preparation of carbon tetra- 
chloride is generally carried out by the direct 
chlorination of carbon disulphide in the presence 
of powdered aluminium (blonde, the quantity 
of catalyst necessary being only about 1 p.c. of 
the carbon disulphide used. 

CS a 4 3C1 2 (!( !l 4 -f S a CI 2 

The sulphur chloride reacts separately with 
more carbon disulphide in the presence of iron 
filmgs, and the crystalline sulphur which is 
formed is employed again in the manufacture 
of carbon disulphide (Urbain, Chem. Zeit. 1902, 
1080; Breteau, J. Pharm. Chun. 1908, 110; 
Urbain, J. Soc. Chem. Ind. 1902, 920 ; Eng. Pat. 
13733). 

Later modifications of the process consist in 
the further chlorination of the sulphur mono- 
ohloride, m the presence of antimony chloride, be- 
fore treatment with carbon disulphide (Haworth 
and Baker, J. Soc. Cliem. Ind 1900, 559), 
and the use of a solution of sulphur in sulphur 
monoohloride, in a finely divided condition, as 
a chlorine carrier (Acker and Struo, ibid. 1908, 
833). Instead of aluminium chloride, aluminium 
amalgam has boon employed (Castncr Co. i bid. 
1905, 903). Undor this patent, the resulting 
carbon tetrachloride is purified by treatment 
with a solution of alkaline sulphide containing 
free alkali, the carbon disulphide being removed 
as thiocarbonate (c/. How Chemical Co. U.S. 
Pat. 1204608; J. Soc. Chem. Ind. 1916, 35, 
1271). 

The Isco Chemical Co. (U.S. Pats. 1260021 
and 1200622) treat oarbon disulphide containing 
free sulphur with chlorine in presence of a 
catalyst to form Bulphur dichloride and carbon 
tetrachloride, and an additional quantity of 
carbon disulphide is then added to convert the 
sulphur dichloride^into sulpflur' monochloride, 


with the formation of more carbon tetrachloride. 
The product is treated with sufficient tin to 
convert the sulphur monochloride into sulphur, 
with the formation of stannic chloride, and 
after separating the sulphur, water is added 
to hydrate the stannic chloride, and the carbon 
tetrachloride is recovered from the mixture by 
distillation. 

A number of electric-heating processes have 
been suggested. A mixture of sodium chloride 
and silica is heated in the lowest portion of a 
furnace lined with magnesia, and provided with 
three sets of electrodes, one above the other. 
The middle electrodes heat a mass of coke, and 
the chlorine from the alkali chloride reacts 
with the incandescent carbon, forming carbon 
tetrachloride, which, after passing through the 
arcs between the third set of electrodes, is dis- 
tdlod off. The temperature does not exceed 
2000° (Machalske and Lyon, J. Soc. Chem. 
Ind. 1903, 1298 ; Machalske, Chem. Zentr. 

1 904, 1 , 1069). The chlorine can also be supplied 
from an external source, the carbon only being 
heated by electricity (Maywald, J. Soc. Chem. 
hid 1907, 1253). 

I Another process consists m heating together 
| lime, calcium chloride, and carbon in the absence 
of air in an electric furnace, in the proportions 
| indicated by the equation 

2CaO+2CuCl a + 10C=4CaC 2 -f 2C0C1* 

The carbonyl chloride is led over heated 
coke, animal charcoal, or pumice, where it is 
decomposed into carbon tetrachloride and carbon 
dioxide by surface contact (Machalske and 
Darlington, J. Soc. Chem. ind. 1906, 559). 

A mixture of calcium ehlondo and coke, 
heated m the electric furnace in a stream of 
chlorine, also yields carbon totrachloride (Mat- 
thews and Darlington, ibid. 1906, 1232). 

The halogenation of metallic or other car- 
bides, such as acetylene, also yields carbon 
halides, so long as the temperature is kept 
below the dissociation point of the halide 
required (Blackmore, ibid. 1908, 712). 

Carbon tetrachloride is a transparent colour- 
less liquid, with a pungent aromatic odour ; 
m.p - 22-7°; b.p 70*74‘ J ; and sp.gr. 1 '631 95, 
0 o /4° (Thorpe, Chem. Soc. Trans. 1880, 201); 
76*90° (eorr.) (Thorpe and Rodger) ; (Moles, 
Anal. Fis. Quim. 1912, 10, 30). Its specific 
heat increases regularly from 0*2010 at 0° to 
0*2031 at 70°. The specific heat of the vapour 
falls from O il at 0° to 0*115 at 70° (Mills and 
MacRae, J. I'hy sic al Chem. 1911, 16, 54). 

The vapour pressure of carbon tetrachloride 
has been measured by Schreinemakers (Zeitsoh. 
physikal. Cliem. 1904, 48, 445). The compressi- 
bility has been measured by Richards ana Stull 
(Amer. Chem. J. 1904, 26, 408). In the solid 
state carbon tetrachloride is trimorohous, the 
three modifications melting at —28*6 , —23*77°, 
and —21*2° respectively, the second being the 
form usually obtained "ITammann, W. Ann. 
1898, 489). The refractive index for the line 
F is 1*4726, ami for the line D is 1*4658 (Glad- 
stone, Chem. Soc. Trans. 1886, 623). 

Its dielectric constant has been measured 
by Turner (Zeitscluphysikal. Chem. 1900, 385), 
Drude (Zeitsch.* physikal. Chem. 23, 267), 
and Veley (Phil. Mag. [6] II, 73). Its solu- 
biljty # in water, which is extremely small, 
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has been measured by Rex (Zeitsch. physikal. 
Chem. 55, 355). 

It is soluble in alcohol and ether, and 
dissolves a large number of organic substances, 
especially those of a fatty hature, whence its 
■wide application m the arts. It is preferable to 
carbon disulphide on account of its non-inflam- 
mability. With sulphonatod oils and resins it 
yields a gelatinous soap, which is miscible with 
water (Stockhausen, Chem. Zentr. 190(1, ii. 731). 
It yields chlorine and lower chlorides of carbon 
on passing through a red-hot tube (Regnault, 
l.c.). When mixed with hydrogen and passed 
through a red-hot tube with pumice, it yields 
marsh gas and ethylene (Bertlielot, Ann. Chun 
Phys. 1858, 53, 09). 

The same mixture passed over reduced nickel 
yields hexachlorethane (carbon trichloride) at 
270 u . With excess of hydrogen at the same 
temperature, tetrachlorothyJene (carbon chchlo- 
nde) is obtained (Sabatier and Muilhe, Compt. 
rend. 1904, 138, 407). 

Mixed with sulphuretted hydrogen and 
passed through a red-hot tube, the vapour of 
carbon tetrachloride yields hydrochlonc acid 
and carbon sulphociilondo CSC1 2 (Kolbe, 
Annalen, 1843, 45, 41, and 1845, 54, 140). 

Heated under pressure with oxygen and 
water at 250°, it forms carbonyl chlondc and 
carbon dioxide (Goldschmidt, Her. 1881, [14] 
928). In alcoholic solution, and tieated with 
potassium amalgam, it yields chloroform, marsh 
gas, and methylene chloride (Regnault, /.(.). 
Phosphorus pentoxide at 200° acts m two 
ways : in the lirst, carbonyl chloride and carbon ! 
dioxide are produced ; in the second, m the 
presence of more phosphorus pentoxide, eaibon 
dioxide alone is obtained. 

2(IC1 4 4 P 2 () 6 -C0C1 2 +C() 2 -| 2POC1, 

3CC1 4 + 2 P 2 0 6 = 3CO 2 4- 4POC1 , 

(Gustavson, Zeitsch f. Chem. 1871, 015) 

A similar reaction takes place at 100° with 
sulphur trioxide, carbonyl chloride being iormed : 

CC1 4 + 2S0 , — S 2 C1 2 0 6 -[ COC1, 
(Erdmann, Her. 1893, 20, 1993). 

With the oxides of many metals, a similar 
production of carbonyl chloride, together with 
oarbon dioxide and the chloride of the metal, 
takes place (Dcmarcay, Compt. rend. 1887, 104, 
111 ; Quantrn, ibid. 1887, 104, 223; 1888, 10(>, 
1074; Pelafontaino and Linebargei, Amer. 
Chem. J. 1890, 532). 

With zinc and dilute acid, carbon tetrachloride 
is converted into hydrochloric acid and chloro- 
form (Geuther, l.c.). Alcoholic potash slowly 
oonverts it into potassium chloride and carbonate 
(Regnault, l.c.). By long-continued action at 
100° in sealed tubes, alcoholic potash converts 
it partially into ethylene (Bertlielot, Ann. Chim. 
Phys. 1859, 109, 118). With alcoholic potash 
and aniline it yields phenyhaoeyanide (t f. 
Chloroform). With phenylanune it yields di~ 
phenylaminobenzamidd* (Hof maim, Proe. Roy. 
Soc. 9, 284, and 10, 184 ; Wieth, Ber. 1877, 10, 
358 ; Michler and Walder, Ber. 1381, 14, 2174), 
a reaction facilitated in presence of a copper- 
mercury couple (Hartung, Chem. Soc. Trans. 
1918, 113, 163). By the action of sulphur at 
220°, a number of sulphochlorides of carbon 
are formed, the final product being carbon 
disulphide (Klason, Ber. 1887, 20, 2376)., is 


decomposed at 200° by molecular silver, being 
converted into hexachlorethane C a Cl # (Gold* 
achmidt, Ber. 1881, 14, 927). By heating with 
aluminium bromide it is readily converted into 
carbon tetrabromide (Gustavson, Bull. Soc. 
chim. 1881, 556). 

Heated in a Bealed tube for 10 hours at 
130° with hydriodic acid, carbon tetrachloride 
yields iodoform and hydrochloric acid (Walfisz, 
ibid. 1893, 7, 256). Acetylene reacts with 
carbon tetrachloride, yielding free carbon in a 
very finely divided form, hydrochloric acid being 
formed at the same time (Sandman, ('hem. Soc. 
Abstr. 1902, 82, i. 581). Carbon tetrachloride 
reacts with benzene m the presence of aluminium 
trichloride, giving, as chief product, jhphenyl- 
dichloro methane, CCI 2 (C 0 11 B ) 2 (Boeseken, Chem. 
Soc. Absti 94, l. 189). Carbon tetrachloride 
absorbs ozone, giving a blue solution. 

In its physiological action, carbon tetra- 
chloride strongly resembles chloroform. 

Its popularity as a solvent m the arts has 
been somewhat diminished by the increasing 
manufacture of tetraohlorethane C 2 C1 4 .H 2 , as 
the lattei is more indifferent toward metals, and 
is readily piodueod by the action of chlorine on 
a double compound of antimony pcntachloridc 
and acetylene (1>. R. P. 154057, 1900). 

Carbon Bichloride, Carbon hexachlondc, 
Tvtrachlordhylcnc d u him idv, Hexachlorethane., 
Pcrchln, ethane G„Gl fl , discovered by Faraday 
(Phil. Trans. 1821, 47), also investigated by 
Regnault (Ann. Glum. Phys. 1838, [2] 69, 100, 
and 1839, [21 71, 37 1 ). Is obtained by the action 
of chlorine in sunshine upon various derivatives 
of ethyl and ethy'enc , on carbon dichlorido ; on 
ethylene chlondc (Faraday, he.) ; and also (Liebig, 
Annalen, 1, 219) on ethyl chlondc, first m the 
shade, afterwards m sunshine (Laurent, Ann. 
Glum. Phys 1837, [2] 04, 328), on mono-, ch-, 
or tn-chlomiated ethyl chloride (Regnault, l.c .) ; 
on ethyl sulphite (Ebclmcn and Bouquet, ibid. 
1840, |3| 17, 00) , on ethyl oxide (Regnault) ; on 
hydroc blonde of ethylamme (Geuther and 
llofackor, Annalen, 1858, 108, 51) (m this process 
some chloride of nitrogen is produced) ; by 
passing the tetrachloride through a red hot tube 
(Kolbe, Annalen, 1815, 54, 147) ; by distilling 
perchlorethylic oxide, and repeatedly treating 
the distillate with water (Malaguti, Ann. Chim. 
Phys. 1840, [3] 10, 14) ; by heating carbon 
tetrachloride with copper powder at 120° 
(Radziszcwski, Ber. 1887, 17, 834) or with 
molecular silver at 200° (Goldschmidt, ibid. 
1881, 14, 928); by heating acetyl chloride 
with excess of phosphorus pentachloride at 
180° (Hubner and Muller, Zeitsch. f. Chem. 
1870, 328) ; by heating propyl chloride or iso- 
butyl chloride with iodine trichloride at 200° 
((vrafft and Merz, Ber. 1875, 8, 1298) ; by treating 
pentachlorethylchloroformic ester with al uminium 
chloride (Muller, Annalen, 1890, 258, 03). 

Carbon trichloride crystallises from a mixture 
of alcohol and ether m right rhombic prisms 
(Gossner, Chem. Zentr. 1903, ii. 1052). Colour- 
less, transparent, and nearly tasteless, but having 
an aromatic odour resembling that of cam- 
phor; sp.gr. 20; m.p. 184°-186° (Bolton, 
Zeitsch. Elektrochom. 1902, 8, 165; 1903, 

9, 209), volatilising even at ordinary tempera- 
tures ; b.p. 185° (Hahn, Ber. 1878, 11, 1735). 
Insoluble in water 1 ; soluble ig alcohol and ether, 
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and In all oils. Converted, by repeated distilla- 
tion, into the diohloride and free chlorine. 
Bums with a red light in the flame of a spirit 
lamp. Mixed wth hydrogen and passed through 
a red-hot tube, it yields diohloride and hydro- 
chloric acid (Geuthor, he.). Metals heated in 
its vapour form metallic chlorides, oharcoal 
being deposited. Heated in sealed tubes with 
potassium hydroxide, it yields potassium oxalate 
and chloride 

C a CJ 6 +8KHO -~K 2 C a 0 4 -f 0KC1+4H B 0 
(Geuthor, J. 1859, 277). The same products to- 
gether with hydrogen and ethylene are formed 
when it is heated with alcoholic potash in sealed 
tubes (Bertholot, Annalen, 1859, 109, 118). 

Reduci agents such as zinc and dilute' 
sulphuric acid, or alcoholic potassium hydrogen 
sulphide (Rognault, he.), reduce it to totraohlor- 
ethylono (carbon diohloride). The same reaction 
takes place when it is heated with silver at 280°. 
Sulphur trioxide aetH upon it at 150° according 
to the eq lation 

CCl a -C(Vl 2S<>3 (XVCOt'l+HjO^Cl, 

(Prudhomme, Annalen, IS70, 15(3, 3-12). 

Carbon dichloride, Tctrachlm ethylene C a (i 4 
(Faraday, Phil. Trans. 1821, 17 ; Regnault, 
Ann. Chim Phys. 1 829, |2J 70 ; [2| 71, 372), is 
formed as a liquid coloured with eliloimc wlien 
the vapour of carbon trichloride is passed 
through a red-hot tube filled with fragments of 
glass. It is purified by passing it repeatedly 
through a red-hot tube, then shaking up with 
mercury and rectifying at a low temperature 
(Faraday). More easily obtained by adding 
carbon triohloride in small portions to an alcoholic 
solution of hydrogen potassium sulphide, as long 
as sulphuretted hydrogen is given off. The liquid 
is distilled and carbon dichloride separates from 
the distillate on dilution with water (Itegmiult, 
lx ) ; or by reduction of carbon trichloride with 
zinc and sulphuric acid. Mobile liquid of sp.gr 
l 619 at 20° (Regnault), Hi] 2 at 10° (Gcuther) ; 
b.p. 122° (Regnault), 116° (Gcuther); 120*74° 
(corr.) ; sp gr. 1*6551 0°/4° (Thorpe and Rodger) ; 
remains liquid at — 18°, and does not conduct 
electricity. Insoluble in water, acids, and 
alkalis, but dissolves in alcohol and ether, and 
oils. Decomposed at a red heat into the 
hexadorobenzene C„C1 # and free chlorine. When 
its vapour is passed over baryta at a red heat, 
it is decomposed with vivid ignition into barium 
chloride, carbon dioxide, and charcoal. It 
absorbs bromine in the sunshine, forming 
carbon chloro 1 romvlr C 2 Cl 4 Br 2 . It is converted 
by continued heating to 200° with potassium 
hydroxide into potassium oxalate and chloride, 
hydrogen being given oft' (Geuther, Annalen, 
247). It absorbs dry chlorine in sunshine, 
forming the trichloride, but is converted into 
trichloracetic acid, when exposed to an atmosphere 
of chlorine under water 

C a Cl 4 4 2H 2 0-fCl 2 = 3HC1+ 0 2 HC1 3 0 2 
(Kolbe, Annalen, 1845, 54, 181). 

*a#-Heptachloropropane C 6 C1 10 , a crystalline 
substance^ m.p. 32°, formed by the action of 
phosphorus pentachloride on pentachloroace- 
tdhe ; also obtained by the direot addition of 
chloroform to tetrachlorocthyleno under the 
influence of aluminium chloride (Boeseken 
and Prins). * * 
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Hexohlorobenzene C.C1, ; m.p. 225°; dis- 
covered in 1821 by Jufin and investigated by 
Phillips and Faraaay (Phil. Trans. 1821), and 
by Regnault (Ann. Chim. Phys. [2] 70, 144), 
who prepared it by passing the vapour of 
chloroform or tetrachlofethylene through a 
porcelain tube filled with fragments of porcelain 
and heated to redness. Obtained from methylene 
chloride by IC1 or 101 a (Holand, Annalen, 240, 
j 234) ; the crystalline product is dissolved in 
other, filtered, evaporated to dryness, and 
I sublimed. Obtained by Hugo Muller as a 
final product ol the action of antimony penta- 
chloride or chlorine m presence of iodine on 
benzene. It is also obtained by sending a 
current of 5 5 amperes and 42 volts for \ hour 
between carbon electrodes m an atmosphere of 
chlorine. It a higher current and voltage are 
used, and it is continued for much longer, the 
trichloride C 2 C1 # is formed. Bromine yields 
similar compounds (Bolton, lx.). Forms white 
delicate needles with a silky lustre, tasteless, 
but with an odour resembling spermaceti ; 
sublimes without fusion at 120°. 

Insoluble m water, acids, and alkalis, but 
soluble in alcohol, ether, and hot oil of turpen- 
tine. Decomposed into chlorine and charcoal 
on passing through a red-hot porcelain tube 
filled with glass or rock crystal. Bums with a 
bluish colour m the llamc. Potassium burns on 
being strongly heated in its vapour. Formerly 
regarded as carbon monochloride : molecular 
formula established by Bassett (Ohem. Soc. 
Trans. [2] 5, 443). 

Carbon tetralodide, Telraiodomethane Cf 4 . 
Dark-red octahedra ; sp.gr. 4*32; obtained by 
action of aluminium iodide on a mixture of 
carbon tetrachloride and disulphide (Gustavson, 
Ber. 14, 1705). For other methods, sec Spindler, 
Annalen, 231, 257 ; Moissan, Compt. rond. 113, 
19 ; Robineau and Rollin, Chem. Centr. 1894, 
l. 1140 ; Lantenois, Compt. rend. 1913, 156, 
1385. 

Carbon nitride (v. Cyanogen, art. Cyanides). 

Carbon subnitride C 4 N a has been obtained 
by Moureu and Bongrand (Compt. rend. 1910, 
150, 225) by lemovmg two molecules of water 
from the diamide of acetylene diearboxylic acid. 
CONHyO : C CUNH a =N : C*C \ C*C j N+2H a O. 
It forms fine white needles; m.p. 20'5°-21° ; 
b.p. 76° at 753 mm., and its vapour has an 
odour and an irritating action resembling that of 
cyanogen. It js readily combustible,* and takes 
fire spontaneously at 130°, burning with a 
purple flame, also resembling that of cyanogen. 
It has an abnormally high molecular refraction 
and dispersion, and a density of 0*9703 at 25°/4°. 
For its behaviour towards ammonia and amines, 
see Moureu and Bongrand, Compt. rend. 1914, 
158, 1092. 

Carbon oxychloride COCl g , Carbonyl di- 
chloride, Chlorocarbonic acid, Phosgene gas. 
First obtained by J. Davyjby action of sunlight 
on mixture of carbon monoxide and chlorine. 
(For details of this mode of preparing it, »*. Ena- 
meling and Lengyel, Annalen Suppl. 7, 101, a.nd 
Wilm and Wisehin, ibid. 147, 450.) By passing 
the gases over heated animal charcoal combina- 
tion occurs in the »dark. Also obtained by 
passing carbon m oft oxide into boiling antimony 
pentachloride (Hofmann, ibid,. 70, 129 ; Butle 
row* Zfitsch. f. Chem. 1863, 484 ; Kraut, 
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Gm.-K. 1 2, 380) ; by heating carbon tetra- 
chloride with zinc oxide in closed tubes at 200°, 
or by mutual action of carbon tetrachloride 
and carbon monoxide at 400° ; or by heating a 
mixture of chloroform, potassium dichromate, 
and sulphuric acid (cj. Plotnikow, J. Russ. 
Phys. Chcm. Soc. 1910, 48, 457). 

Carbon oxychloride is a colourless liquid, 
boiling at S - 2°, and of sp.gr. 1 -432 0/4°. Soluble 
in acetic acid and benzene ; decomposed by 
water: COCI a + H a <) = CO a -(-2HCl. Withalcohol 
forms chlorocarbumc ester (TG()()G a II 6 . Com- 
bines with ammonia to form vrea and ammo- 
nium chloride. With aniline it forms diphenyl- 
urea. Its presence in air may be detected by 
this reaction (Kling and Sehmutz, Coinpt. rend. 
1919, 108, 773). 

Carbonyl cyanide (JO(CN) a is a yellow amor- 
phous non-volatile solid, formed by subjecting 
a mixture of carbon monoxide and cyanogen 
to the ultra-violet rays from a mercury-quartz 
lamp. It dissolves in alkalis, forming a yellow 
solution, and slowly hydrolyses on the addition 
of acid, giving earbftn dioxide and hydrogen 
cyanide (1). Rerthelot and (Jaudechon, Conipt, 
rend 1913, 15(>, 17(i(>). 

Carbon disulphide, Thiocarhomc anhydride, 
Sulphocarbonte and CN>. This compound was 
discovered by Lampadius, m 179b, by heating 
pyrites with charcoal Clement and besorincs, 
in 1802, in examining .the action of sulphur on 
red-hot charcoal, obtained the same product. 
Its nature was established by Vauquehn. 

Manufacture. - -Sell rotter in Germany, and 
Poronoel in France, first prepared carbon disul- 
phide on a manufacturing scale. Kchrotter em- 
ployed a cylinder of Hessian clay in which the 
charcoal was heated ; the sulphur was mtioduced 
through a hole near the bottom, to the upper end 
was fixed an exit tube for the vapour of the 
carbon disulphide formed. The apparatus pro- 
duced about 20 kilos, of the disulphide in 12 hours. 

Deiss and Fisher employed cast-iron cylinders 
in which the vapour of sulphur passed over 
charcoal heated to redness. Fireclay retorts 
glazed internally to prevent the escape of 
vapour through the pores were also used, each 
cylinder was about 5 feet high and nearly 20 
inches diameter. Four retorts were arranged 
in a single furnace in such a way that the 
flame of the fire could play entirely round 
them. Eqch retort was divided internally into 
two parts by means of a perforated shelf ; the 
upper compartment, which was the larger of 
the two, served to contain the charcoal, which 
oould be thrown in through a special open- 
ing in the lid without interrupting the working. 
A second opening in the top of the retort was 
provided with a tube about 2 inches in dia- 
meter, which led directly into the lower com- 
partment, and was used to throw m sulphur as 
required. The vapour of carbon disulphide which 
was formed during the process was conducted 
through a delivery pipe connected with a third 
opening in the retort into the condensers. The 
four retorts, having been filled iVith charcoal and 
the lids closed, were heated to redness by a coal 
fire. Pieces of sulphur wrapped in cylindrical 
paper packets were then dropped in the pipes 
leading to the lower partitfons of the retorts. 
Two such packets, each containing about 51 
oz. of sulphur, were thrown in at intervals of 


about 3 minutes, tne opening at the end of 
each tube being closed at each successive addi- 
tion. The charcoal was renewed every 7 
hours, and was heated about an hour and 
three-quarters each time before the necessary 
temperature was attained for its combination 
with sulphur. Tho vapour of carbon disulphide 
mixed with that of sulphur escaped through the 
delivery tubes, passing into the first row of con- 
densers, where it was partially condensed, to- 
gether with some sulphur ; the undissolved 
sulphur was recovered and used over again. 
Thence the uncondensed vapours passed on into 
the second row of condensers, and so on till the 
last row. The condensers, amounting to 18 or 
20 m all, were connected together b^ pipes, tho 
last of which was connected with the chimney of 
the works, or better, with vessels or tubes con- 
taining layers of pulverised lime to absorb the 
sulphuretted hydrogen which would otherwise 
create a nuisance in the neighbourhood of the 
factory. 

The condense! s were made of sheet zinc, 
were cylindrical in shape and about 20 inches m 
diameter, bottomless, with slotted sides, and 
stood m a kind of shallow cistern containing 
water a little deeper than the openings, so as to 
form a water lute, permitting the passage of the 
condensed liquid while closing the exit against 
vapours. The lids of these condensers wore fur- 
nished with rims forming a kind of saucer, con- 
taining water to assist in the condensation of 
the vapour. Each lid had two openings in the 
form of tubuluros, into which the pipes were 
fixed for the transmission of the vapours from 
condenser to condenser. 

Gerard employed a vessel of cast iron 6 \ feet in 
height, about 4 feetB inches in diameter, and sides 
If inch thick (Fig. 15). The retort was elliptical 



in section, stood upon a brickwork arch, and was 
heated from below by a fire. Near the bottom 
was a pipe fitted with a valve, through which 
sulphur could be introduced into the cylinder. 
At the upper extremity was a wide pipe which 
could be dosed with a lid, and served for the 
introduction of charooal into the apparatus. 
Another ‘pipe, cast in one piece with tne upper 
one, sloped forward and passed into a reoeiver in 
which the sulphhr which passed over during the 
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operation was condensed, and could be Easily re- 
moved by opening a valve in a tubulus placed 
at a bend in tho pipe ; the more volatile carbon 
disulphide passed forward into tho condensers. 
The condenser consisted of three vessels, cylin- 
drical in form, arranged one above tho other, 
and communicating by vertical pipes. The 
topmost condenser had an exit pipe tor sulphur- 
etted hydrogen, &c., and the condensed carbon 
disulphide could be drawn off into a receiving 
vessel beneath by opening a cock in a pipe 
proceeding from the lower condenser. 

The three condensers were contained in a 
tank 5 feet high and 5 feet wide, filled with water, 
which could be renewed at pleasure. 

The sulphur was added m portions of about 
3 lbs. at intervals of 3 minutes. The oven was 
heated during the night to volatilise the sulphur, 
and the residual charcoal was added to the new 
charge. This apparatus yielded in 24 hours 
about 570 lbs. of carbon disulphide, consisting 
theoretically of 480 lbs. of sulphur and 00 lbs. 
of carbon ; m practice 530 lbs. of sulphur ami 
242 ills, of wood charcoal were used, (lerard 
found it advantageous to surround the gencratmg 



vessels with brickwork, which rendered them 
more durable. 

Only retorts of a certain size could be em- 
ployed, as, when they were too large, the heating 
was irregular, causing waste of sulphur. When 
using unrofined sulphur, 'the retorts needed 
oleaning every fortnight, but with purified 
sulphur they could be kept working for two 
months. 

The present mode of manufacture is thus 
described by Ignatius Singer (.) . Soc. Chem. lnd. 
8, 1880, 83) (see Fig- Hi) : 

a is a vertical east-iron retort, or, better still, 
made of earthenware, glazed inside, of elliptical 
shape, about GO inches high, and 20 by 12 inches 
internal diameter. It rests on a support, B, 
made of firebricks, and is protected by a mantle 
ol best firebricks, o, about 4 inches thick, leav- 
ing a space of from 4 to } inch between it and 
the retoit. Tho metal of tho retort should not 
be less than 2 inches in thicknoss. d is the 
outer brickwork of tho furnace Lined on the in- 
side with firebricks, n'j n, e, fire-grates ; k', 
ash pits ; e, furnace doors, made of frames, a, 
into which a fire-proof slab, b, is inserted. The 
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furnace doors are suspended by cables running 
over pulleys, and are counterpoised, so that they 
can be raised or lowered. At d is shown a small 

S -hole, through which the temperature in the 
ico may be watched. In the hd of the 
retort are cast two tubes, o and o', of about 5 
inches internal diameter and not less than I 
inch in thickness, but it is advisable to have 
them made somewhat stronger, as the lid will 
then outlast several retorts. Over tho openings, 
a, a vent-pipe or flue, h, is suspended by a lever, 
bo that it can be raised or lowered at will, one 
end of which passes through the roof. When 
fresh charges of charcoal are to bo introduced 
into the generator a, which is done through the 
tubuluro g', the lid closing the tube a is first 
removed, and the vent-pipe h quickly lowered, 
which serves the purpose of carrying off the 
noxious gases that would otherwise be iniurious 
to the workmen, g' may now be opened, and 
the carbon fed in without The slightest incon- 
venience.* 

From the tubulure o' issues a pipe, I, inclined 
upwards, through which the disulphide of carbon 
vapours escape. Most of the free sulphur pass- 
ing over will condense here and run back into 
tiie retort. But th$ partially* cdoled sulphur 


falling on to the surface of the incandescent 
carbon would be immediately vapourised again, 
at tho same time cooling down tho top layer of 
the charcoal. To obviate this, Singer suggests 
that an opening should be made in the lower 
part of the pipe i, to which a hopper can be 
fitted, as shown at J, terminating in an earthen- 
ware pipe k, reaching nearly to the bottom of 
the retort. By this means the sulphur distilbng 
over unoombmed would be conducted back to 
the bottom of the generator, tho pipes would be 
less liable to be choked up, while tho resulting 
product would be purer. 

From the lower end of the retort, close to 
the bottom, a pipe m branches off, a little 
upwards inclined, passing through the brick- 
work and terminating in a chamber n, with 
door n. During work this fiipe is carefully closed 
by a lid. It serves the purpose of raking the 
ashes out of the retort, which is done once 
a week. ’At m *a fiuo is shown, carrying the 
noxious gases into the chimney. The ashes 
are allowed to cool here before their removal. 
Adjoining this chamber is a hearth into which 
an iron vessel, o, iS fitted, for melting the sul- 
phur. It is heated by a flue from the furnace 
passing underneath it, provided with a damper 
• w* 
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to regulate tho heat. (In Fig. 16 this sulphur 
vessel' is raised so as to make it visible in the 
drawing ) A pipe, o', closed by a conical valve 
to which an iron rod, o, is attached, connects the 
Bulphur pot with the arm m of the retort, by 
which means the sulphur can conveniently be 
introduced into the latter. 

The sulphur flowing down the incline of the 
arm m arrives at the bottom of the retort, where 
it is volatihsod : the vapours, passing upwards, 
combine with the carbon. The generated di- 
sulphide vapours escape through pipe i, and 
then pass down the vertical tube i' into a \essel 


disulphide is distilled off and the oil returned to 
x. Before the gases enter this absorber they are 
‘ washed ’ by making the end of the pipe s dip 
into the oil as shown at y whereby the apparatus 
is disconnected from contact with air. The gases 
are now passed through a second vessel, z, simi- 
lar in construction to the one just described, only 
substituting limo or oxide of iron for tho oil, to 
absorb the H ? iS, and aro then allowed to escape 
into the open air through the pipe z. 

Above the retort a, and between it and the 
chimney, set at right angles to each other, is 
a smaller retort, siunlai in construction to A, but 


p, where any excess of sulphur is deposited. 
The lid of this vessel rests in hydraulic seals, 
and is connected with the inlet and outlet pipes 
by a kind of telescopic tube made air-tight by 
water. When the vessel r is to bo removed, the 
lid is raised, the vessel taken away, another 
similar one put m its place, and the jul lowered 
again. This should be dono once a week only, 
and never while distillation is going on. 

Tho carbon disulphide vapours, now freed 
from the greater part of uncombmed sulphur, 
pass through a Liebig’s condenser, L, about 
30 feet long, mto a receivor, s, partially filled 
with water. Tho crosspiece t, connecting the 
Liebig’s condenser with the receiver, is made so 
that it can be detached — being secured at v 
by flanges bolted together, and at ?>' by water i 
seal — for purposes of cleaning, &c. From here 
the disulphide is allowed to run through a siphon, ; 
p, direct to the storage tanks. A better plan, i 
however, is to keep tho storage tanks for the 
crude product on a high level, which greatly 
facilitates the after-process of purification. In 
this case the disulphide of carbon is allowed to 
flow into a monte jm , u, as shown in drawing, 
A pipe q, reaching nearly to the bottom, is 
passed through the cover of the monte j a v to the 
high-level tank. A second pipe, r, connects the 
vessel u with a force-pump. On air being 
pumped into u through r, the stop-cocks p l and 
p* having been shut oil, the disulphide is pressed 
up through pipe q into the tank. This is a far 
better method than using pumps, as in the latter 
it is difficult to prevent leakage, the crude di- 
sulphide having a very corrosive action on most 
metals. For the same reason, the receivers, 
tanks, &c., for tho crude substance should all be 
lined with sheet-lead, as wrought-iron vessels 
soon perish, while copper is even more ener- 
getically acted upon. Cast iron .withstands cor- 
rosion much better, but is objectionable on 
account of its porosity. This might be remedied, 
however, by giving the vessels repeated coatings 
of dilute silicate of soda, both inside and out- 
side, the vessels being first slightly heated with 
steam and the silicate applied while warm. 

Near to the top of the receiver s is a pipe, «, 
for carrying off the uncondensable vapours — 
chiefly sulphuretted hydrogen. The gases are 
conducted into a rectangular vessel, w, where 
they are made to circulate m zigzag over a series 
of shallow trays filled with a vegetable oil, to ab- 
sorb any disulphide vapours wlfich have escaped 
condensation. Tho oil can be made to trickle 
from a reservoir, x, as shown, through a goose- 
neoked pipe, which, passing from tray to tray 
in an opposite course to thatf'of the gases, finally 
trickles through x into a receiver Y. When a 
sufficient quantity has accumulated here, the 


only about one-third the capacity of the latter, 
anil is heated by causing the products of com- 
bustion coming fioiu the furnace to circulate 
round it bofore finally passing mto ftie chimney. 
(Only the discharge hole h\ corresponding to the 
arm m of the retort a, is visible in tho drawing.) 
As the generator a requires fresh charges of car- 
bon every 8 hours, it is very economical to keep 
this small retort always filled with charcoal, 
which by the time it is required will be red hot, 
and no more time need be lost than is required 
for transferring it fiom the one mto the other 
retoit. By this arrangement, part of what 
would otherwise be waste heat is utilised, and a 
great saving in time and fuel effected. A still 
better plan is to make the charcoal on tho spot, 
houis being more than sufficient to char tho 
wood and to heal it up to bright redness. Spent 
dyowoods, tanner’s refuse, or sawdust, aro 
excellent foi the purpose, and as these would not 
require crushing — as when charcoal is bought 
in lumps- a saving in labour, possibly also in 
money, might be made, besides being more 
eleuniy By a small outlay, the vapours might 
be condensed, and pyroligneous acid obtained as 
a by-product. 

The apparatus is worked as follows : After 
having allowed the brickwork to set and partially 
dry for a few days, the fires are started, at first 
gently, to prevent the bnckwoik from cracking, 
then gradually increasing the heat until the 
retort becomes a dull-red colour. The latter is 
i now filled with Binall charcoal, and the smaller 

I retort with chips, sawdust, &c., and the tireB are 
now urged until the retort and the charcoal in it 
have become a ‘ cherry red.’ This heat should 
never be exceeded, nor should it be allowed to 
fall below this, as in either case it would result 
in a lessor yield of carbon disulphide. 

When the proper temperature is attained, the 
two openings m the lid of the retort are closed, 
tho lids being screwed down tightly, with some 
clay made mto a thick paste as a lute. A better 
way would be to cast in the top of these tubu- 
lures grooves, and the lids with a rim loosely 
fitting into these grooves, forming what is called 
an hydraulic seal, only using lead in the place of 
water. The heat there is sufficient to melt lead, 
but not so great as to prevent its use. This 
would form a much better lute, and could be 
opened and closed in much less time, which, in 
the case of disulphide of carbon manufacture, is 
a great desideratum. Having previously secured 
all the joints throughout the apparatus, sulphur 
is now run in by raising the rod o' in the sulphur 
pot. A bubbling will immediately be heard in 
the gas *washer at y, caused by the escape of 
sulphuretted hydrogen, &c. In a few minutes, 
this bubbling 'ceases, and carbon disulphide 
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begins to distil over. Distillation is now pro- 
ceeding, sulphur being charged in • every 5 
minutes, about 1J to 1| lbs. each time, for 7 
hours, when the supply of sulphur is stopped, 
and one hour allowod to elapse before fresh 
charcoal is filled in. The lid is then removed 
from c, and the fiue-pipo H lowered, c' may now 
be openod, and last of all the lid h ' is removed j 
from h of the carboniser, and the red-hot char- ■ 
coal raked from the carboniser, by means of a 
funnel or hopper, into the retort A. The retort 
is now closed, taking care that the opening 1 
communicating with the flue h is the last to be 
shut off, and work started again. At the end of 
each week, neither coal nor sulphur is charged i 
in for 8 hours, after which the whole apparatus 
is cleaned (*it in the following manner : The 
flue n having been lowered on to o as descubed 
above, the cover at the end of the delivery pipe i 
is removed, and wet bags or pieces of canvas are 
tightly rammed down the pipe i, and past its j 
junction with the vertical pip£ i\ so as to isolate : 
the comb users, &c., from the furnace. The 1 
ashes are now raked out through w, as described 
above, the retort relilled with fresh charcoal, , 
and while tins is getting heated up, the other J 
portions of the apparatus are examined, and j 
where sulphur is present it is removed. 

With one such retort, from 1 to 5 cwts. of 
carbon disulphide can he made in a day, but it, , 
is much more economical, both m labour and j 
fuel, to have several retorts — say four — in the , 
same furnace. 

Manuk aoture of Carbon Disulphide by the 
Electric Furnace. 

Carbon disulphide is now mado on the large 
scale, near Penn Yan, N.Y., America, by the 
Taylor Chemical Company, by means of an 
electric furnace, devised and patented by Mr. 
Edward R. Taylor (U.S. Pat. <>88304, Doe 10. 
1901 ; 871971, Nov. 20, 1907), who has kindly 
supplied the information upon which the follow- 
ing description of the process is based. The , 
construction of the furnace is shown in Figs. 17, 
18, 19, 20, 21. Fig. 17 shows a section in eleva- j 
tion through the electrodes, and Fig. 18, Bhows a . 
cross section in elevation at right angles, the 
figures being taken from the patent specifications, j 
In Fig. 17 is shown the position of tho olectrodes ; 
d, d, near the bottom of tho furnace shaft, which j 
is represented as filled with charcoal ; in Fig. 18, 
they are seen at d. At k (Fig. 17) are pipes 
through which are passed broken carbons, >.e. 
refuse from the factories of carbons for arc lights, 
for the purpose of reinforcing the main carbons ; 
these pass down, upon, and over the ends of the 
main carbons, and convey the curront from the 
electrodes to the charcoal. The intermediate 
oonduotive material protects the electrodes 
proper from the intense heat and eroding action 
and thereby prolongs their life. It also tends to 
steady tho current, fluctuations being mainly 
due to variations in power and not to changes of 
resistance in the furnace itself. The charcoal 
for the reaction is fed into the furnace through 
the opening x (Fig. 17). Preferably four olectrodes 
are used in this construction, supplied with two- 
phase alternating current. Provision is made 
for keeping the metallic portions of them com- 
paratively cool by feeding cold sulphur on to 
them through the inlets shown aat> (Fig. 17), and 


which can be replenished through the hoppers n, 
the sulphur passing into the annular chambers 
Fio. 19. 



Fio* 17. Fig. 20. 


shown below the hoppers, seen in detail m 
Figs. 19, 20, and 21. The interior of tho furnace 
thus filled with sulphur, which is gradually 
molted and finds its way to the reaction zone. 
By this construction, the heat that would 
otherwise be radiated from the external walls of 



the furnace is absorbed, and no outside lagging 
is ne^deij. The furnace is 16 "feet in diameter 
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and 41 feot high. It ndeds much less care and 
is easier to manage than one of the small iron or 
clay retorts generally used. 

In working, charcoal is put into the charger 
above the boll and the opening sealed. The 
charcoal falls into the Bhaft of the furnace as 
often as there is room for it, the charger being 
replenished from time to time. The shaft 
should be kept filled with charcoal and the 
internal spaces filled with sulphur : thus there 
is no loss of heat by radiation and the heat 
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absorbed in melting the sulphur is returned to 
the furnace. 

Eleotricity is supplied m such quantity that 
the electrodes are not submerged m tho melted 
sulphur to such an extent as to restrict tho 
passage of the current. Xhe electnoity is 
ordinarily passed from the one electrode to tho 
other immediately opposite, but. the direction 
can be changed at any trnie so as to pass to the 
adjacent electrode, thus burning out any piers 
or t scaffolds ’ that may form in the comers and 
which would prevent the regular desoent of the 


charge. , The sulphur within the working 
chamber z soon becomes melted, and its level 
rises more or less nearly to the top of the elec- 
trodes. As it approaches the heat zone, the 
sulphur is vapourised and rises through the 
charcoal which, when sufficiently heated, com- 
bines with it, forming the disulphide, the 
vapour of which ascends through the charcoal 
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I in the shaft, and passes out through the pipe x. 
I to a condenser. The furnaces are run for about 
a year before renowing the electrodes or cleaning 
out. Aluminium bars, 6 inches wide ana 
| inch thick, connect the insulatod electrodes 
with two Stanley inductive type dynamos, each 
of 330 kilowatts capacity, run, as a rule, by water 
power. Tho average voltage is about 60. The 
yield is usually about 14,000 lbs. of the di- 
sulphide in 24 hours, but it is capable of being 
increased to 26,000 lbs. 

An improved type of eleotrio furnace, more 
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particularly adapted for a smaller installation, 
is seen in Figs. 22 and 23, reproduced from the 
patent specifications. 

Fig. 22 shows the furnace in sectional eleva- 
tion. Fig. 23 shows a sectional elevation with 
the plane of the section at right angles to that 
of Fig. 22, and with portions broken away at 
top to expose parts behind the plane of the 
section. Fig. 24 is a top view on which the planes 
of Figs. 22 and 23 respectively are indicated by 
broken lines, a-b and c-d ; and Fig. 25 repre- 
sents a horizontal section on the line » v 
{Fig. 23). Like reference characters refer to like 
parts in all the figures. There is an outer shell 
of iron or steel within which, at the bottom, is a 
flat hearth of floor 4 (Figs. 22, 23, and 25) ol fire- 
brick, whiili supports a circular wall of like 
material, within which is the working chamber a 
of the furnace, and an outer wall, (>, concentric 
with the wall 5, extending upward a short 
distance and terminating substantially on a 
level with the bolster, forming lower ends ot a 
pair of diametrically opposite embrasures, 7 
and 8. 

The wall 5 of the working chamber a is con- 
tinued upward to the top of the outer shell 
1, 2, 3 ; a feed chamber h for sulpliur being 
formed betwoen the walls 5 and G at bottom 
and between the wall 5 of the working chamber 
and tho outer shell above the top of the outer 
wall (i. » 

The shell 1, 2, 3 terminates at top in a hori- 
zontal annular top portion, 9 (Figs. 22, 23, 24), 



Fig. 24. 


which is provided at suitable intervals with 
hoppers &' and with openings 10 (Fig. 23) at their 
bottoms, communicating with said feed space b, 
each of the hoppers being provided with a 
suitable plug 11, having a handle, 11', extending 
above the top of the hopper, so that the hoppers 
may be filled above the plugs, and the plugs then 
lifted to drop the contents of the hoppers into 
the feed space b, and quickly replaced to prevent 
the escajft of fumes and the admission of air. 
Within the central opening of the top portion 9, of 
the shell, a charooal hopper, a' (Figs. 22, 23, 24). 
is supported : this is constructed with a oonioal 
top, 12, provided with a capped charging neck, 


13, through which the charcoal is introduced into 
the hopper, and a conical bottom, 14, depending 
within the upper end of the working chamber 
and provided with a oentral opening closed by a 
bell, 15 ; the top of the hopper being further 
provided with the supporting link 10 of a 
weighted lever, 17, connected with the said bell 
15, by a rod, 18, and rendering the hopper a ' 
normally closed at bottom. A discharge pipe, c 
(Figs. 23 and 24), extends from the working 
chamber a through the top portion 9 of the 
shell, in an oblique direction, as shown in Fig. 23. 

Openings 19 and 20 (Figs. 22, 23, and 25) for 
tho sulphur, are formed in the working chamber 
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wall 5, immediately above the floor 4, and at 
one or more higher points, connecting the feed 
space b with the working chamber a, and pipe 
openings 21 and 22 extend through the outer 
wall G and the lower shell section 1 at different 
heights to allow the sulphur to enter the furnace 
proper. Motallic conductors, d and e (Figs. 22 
and 24), connected with the Bource of electricity, 
arc attached respectively to the protruding 
upper ends of metallic electrode stems / and g, 
which extend to the top of the outer wall 6, and 
rest upon tho top of this wall, as in Fig. 22. 
Raoh of tho electrode stems d and e is made in 
three sections, numbered respectively, 1', 2', and 
3' in Fig. 22 ; the upper section 1' of each of the 
atoms being hollow and cylindrical, and ex- 
tending through a stuffing box, 23, mounted on 
the top of the shell, and preferably constructed 
with a water chamber, 24, for keeping the gland 
sufficiently cool. The lower end of the upper 
section has iiangcB 25, on opposite sides, 
adapting it to be coupled to the partly closed 
upper end of a flat middle section 2', whioh is 
tubular, excepting its lower end, and this end is 
trough-shaped in common with the lowermost 
section 3', which is detachably bolted to tho 
trough-shaped lower end of tho middle seotion 2'. 

A pair of manholes, 2fi and 27 (Fig. 22), in the 
middle section 2' of the outer shell, afford access 
to tho bolts connecting thejpiddle and lowermost 
sections 2' and 3' of tho electrode stems, and 
facilitate disconnecting the lowermost sections 3' 
when tho latter need to be renewed. 

The electrodes proper, h and i, are of carbon, 
made in sections of different lengths, but all of 
one and the same site, and all rectangular in 
oross ’section (oomjfare Figs. 22’and 25), . Such 
carbon sections project at righfangles from tho 
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lower ends of the stems / and jjL and may bp, 
clamped within the trough-shaped stem sections 
3'. A sufficient number of the longer carbon 
sections aro united at bottom to form the main 
body of each electrode and above tlieBe the 
shorter sections are arranged in steps, as shown 
in Fig. 22. The electrodes h and i project in- 
wardly, as shown in Figs. 22 and 25, and are 
supported beneath by the bolster-forming lower 
ends of the embrasures 7 and 8, through which 
the respective electrodes extend toward each 
other, into tho working chamber «, as Bhown in 
Fig. 22. 

The tubular or hollow-stem sections 1' and 
2' provide for feeding the material downwards 
upon tho electrodes. The upper end of each 
stem is provided with a conical plug, 29, and 
with a gallows or yoke, 30, between which and 
the top of the plug 29 a wooden wedge, 31, is 
driven to render tho closure air-tight. 

In charging the furnace, the lower part of 
tho working chamber a is filled with broken 
sulphur to the plane of the electrodes h, and a 
sufficient quantity of charcoal is superimposed. 
The lower part of the furnace is then tightly 
closed and sealed, and the working chamber a is 
thereafter filled with charcoal to any desired 
extent by way of the charcoal hopper a' by de- 
pressing the bell 15 by means of the lever 17. 
The hopper a' is then automatically closed at 
bottom by the re-elovation of the bell 15 
Crushed sulphur is fed into the annular feed 
space b surrounding tho working chamber wall 
from time to time as required by way of the 
hoppers b\ which are filled with the sulphur, 
and may serve to measure the quantity intro- 
duced, and are emptied into the feed space b by 
partly withdrawing their plugs 11 and replacing 
thorn immediately to prevent the entrance of air 
and the escape of fumes. The disulphide 
vapour, as it is formed, passes off through the 
pipe c into a suitable condensor 

An upper manhole, 32, extending outward 
from the working chambor a through the shell 
sections 1 and 2, as shown in Figs. 22, 23, and 26, 
facilitates access to tho interior of the furnace 
whon it is cold for adjusting or renewing the 
electrodes h and i, and for arranging the charge 
at the beginning of an operation ; and a sub- 
jacent manhole, 33 (Fig. 23), facilitates removing 
the ash from time to time as may be necessary. 
The electrode stems / and g, and their stuffing 
boxes 23, 1 are insulated with mica and asbestos 
paper. 

This furnace is designed to be 8 or 10 feet in 
diameter and 18 or 20 feet high, and will produce 
6000 lbs. of carbon disulphide in 24 hours. Two 
electrodes only are employed. 

Purification of Carbon Disulphide . — The 
crude product, which contains considerable quan- 
tities of sulphur, may bo purified by distillation. 
The distilling vessel is made of sheet zinc, and 
is fitted in a water-bath. The vapours of carbon 
disulphide are passed through a wide tube into 
a worm surrounded by cold water, and ending 
in a lap at the bottom ; the, liquid as it con- 
denses is allowed to trickle into a vessel placed 
to receive it. 

Deiss employed large* boilers with flat bot- 
toms, which were 10 feet Vi length, feet in 
diameter, and 3J feet high. Thev had domed 
oovers, externally ooated by badly conducting 


material, so as to reduce to a minimum the 
amount of carbon disulphide returned to the 
boiler by condensation. The boiler was capable 
of receiving 5 tons of crude disulphide at a 
single charge, and had six delivery tubes which 
terminated in six vertically placed condensers. 
At the bottom of tho boiler, there were two 
serpentine pipes, through one of which steam was 
j passed until the crude carbon disulphide boils. 
For the purpose of distilling off the last portions 
steam was passed through tho second serpentine 
pipe direct into the boiler, by which mehns 
carbon disulphide vapour and steam pass over 
together into the condensers, when tho former 
accumulated in a layer below the surface of the 
water. The distillation of 5 tons lasted 3 or 
4 days, and tho products of the distillation at 
difforent stages were separately collected, and 
served for different purposes. In tho first por- 
tions, foul-smelling constituents predominate, 
such as sulphuretted hydrogen ; the inter- 
mediate portions are the purest, while the last 
portions are contaminated with sulphur. Much 
of the sulphuretted hydrogen was removed 
by placing a small quantity of caustic soda m 
the boiler. 

Bomfere purified the crude material by run- 
ning it into a still containing a strong solution 
of caustic soda and heated externally by steam ; 
the vapour was then passed through sevoral 
other vessels of a similar kind containing alka- 
line liquids, solutions of salts of iron, lead, or 
copper, from which it was distilled and condonsod. 
Millon patented a process which consistod in 
mixing the disulphide with half its weight of 
milk of lime, and then carefully distilling. 

Sidot first distils tho crude product, and 
then agitates it with mercury till the shining 
surface of the metal is no longer blackened by 
it. Carbon disulphide, when pure, is not affected 
by contact with mercury for any length of time. 
Or it may be shaken with 0*5 p.c. of mercuric 
chloride, which removes a foetid compound of 
sulphur. The clear liquid is then decanted, 04)2 
of its weight of an inodorous fat is added, and 
the mixture distilled in a water-bath at a low 
temporature (Cloez). 

Another method of purification is to add to 
100 parts of commercial product from 2 to 3 
parts of dried copper sulphate, and to shake the 
mixture. The copper salt blackenB and settles 
down, with removal of the smell of sulphuretted 
hydrogen. Absolute purity is obtained by again 
rectifying over dry copper sulphate. The latter 
can be rendered fit for further use by ignition, 
treating with sulphuric acid, and again igniting. 
Tho sulphide may be retained in a state of purity 
by allowing it to stand constantly over dry 
copper sulphate (J. Soc. Chem. Ind. 2, 246). 

Singer has employed the following simple 
method with very satisfactory results : — 

A cylindrical vessel, about 30 inches in 
diamoter and 6 feet high, is provided with a 
perforated coil of lead pipe at the bottom. Into 
this vessel the impure oarbon disulphide is run 
to about one-third its height. Lime-water is 
then pumped into it by means of a foroe-pump 
through the perforated coil. The Rme-water, 
being specifically lighter than the oarbon disul- 
phide, rises to the surfaoe, and, while traversing 
the body of the disulphide in a finely divided 
spray, the limq combines with the sulphuretted 
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hydrogen, ho. This washing is continued ‘UfitiLt^ 4 mixtejjhpf the vapour ot carbon disul- 
the lime-water, which leaves this veasel’througii lSaide with ^Rric oxide bums with a blue 


, an overflow pipe near to the top, js perfectly 
"blear. The carbon disulphide is now^un into a 
still, about 1 p.o. its weight of a cheap- coloujrles*. 
oil added, and covered with a layer bf about 1 
inch of water, to which somo sugar of lead may 
be added, The carbon disulphide is now distilled 
in a water-bath and condensed in the usual way. 

Carbon disulphido comes into the market m 
sheet-iron drums, the plates forming the top and 
n^jottpm being bent inwards for their better pro- 
tection from blows in moving about, and in the 
Upper end there is an opening which can be 
closed by a screw stopper. Great care should 
be taken in the storing of carbon disulphide on 
account of i£s extreme volatility, tho explosive 
nature of a mixture of the vapour with air, and 
the fact that its products of combustion are 
three irrospirable gases, viz. carbon dioxide, 
sulphurous oxide, and nitrogen. The store 
room ought to be isolated from other buildings, 
and should bo well ventilated. The vessels in 
which the substance is kept ought to be tolerably 
large and placed where they are not hkely to 
receive a blow or get thrown over. When re- 
quired for use, the carbon disulphido can be 
drawn off by moans of a siphon. 

Properties . — Carbon disulphido is a colour- 
loss and extremely volatile liquid ; the com- 
mercial product has a repugnant and foetid 
smell, but when purified it has a sweetish 
ethereal odour, and an acrid pungent taste. It 
is highly refractive, its power m this respect 
being 1 ’(145 ; its sp.gr. is i ‘292 J 5, 0°/4° (Thorpe). 
Water dissolves about of its volume of the 
disulphide, and yields it up again unchanged on 
distilling ; the solution m water possesses the 
odour of the disulphide, and has a slight burning 
taste. The aqueous solution acts as an anti- 
septic. Carbon disulphide dissolves sulphur, 
phosphorus, iodine, bromine, chlorine, camphor, 
caoutchouc, oils, and fats, and may be mixed 
in almost uny proportions with alcohol, ether, j 
benzene, and the fixed and volatile oils. Sulphur 
and phosphorus may be obtained m crystals by 
the spontaneous evaporation of their solutions 
in carbon disulphide. When a rapid stream of 
air is passed through it, the vapour, as it rises, 
is condensed to cauhllower-like masses, which 
make their appearance on tho surfaco of the 
liquid (Wartha, Ber. SO). When the whole of 
the liquid has disappeared, the resulting solid 
has a constant temperature of —12°, so long as 
it remains unvolatilised. Accordmg to Wro- 
blewski and OIzewBki, it solidifies at —110°, and 
remains solid for a considerable time, emitting 
a peculiar aromatic odour. 

Carbon disulphide boils at 46-0° (Thorpe), 
46‘42° (corr.) (Thorpe and Rodger), and the 
vapour ignites in air at 149°. When mixed 
with three timeB its volume of oxygen, or an 
amount of air containing that volume of oxygen, 
it is very explosive. The flame of burning 
oarbon disulphide is blue, and gives rise to 
sulphurous and carbonic acid gases : CS-f 30, 
=00,-1-280,. When carbon disulphide is burnt 
in a lamp bn the principle of the Bunsen burner, 
and special precautions taken to prevent explo- 
sions, it produces a flame with an actinic power 
sujjierior to that of magnesium (Compt. And. 76, j 
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lame, which i*>very rich in rays of high refrangi- 
&lity, and on this account has been employed 
■ ^photography* 

Carbon disulphide is highly poisonous, inhala- 
tion of the vapour producing giddiness, vomit- 
ing, congestion, and finally coma. Even in 
small quantity only, it produces in time very 
serious effects on the nervous system. In the 
workmen employed in its manufacture, it causes 
weakness, depression, and loss of memory. 
Solution of ferrous carbonate in carbonic acid 
water has been found in some cases effectual 
as a remedy. Carbon disulphide vapour, when 
passed through a tube heated to bright redness, 
is partly resolved into its elements, carbon de- 
positmg and sulphur passing off with the un- 
decomposed compound. 

The following table represents its vapour 


tension at varying temperatures (Soyferth) : — 

45-5° 




. 1 atmosphere 

57-7 




• 4 

99*9 




. 2 atmospheres 

74-3 




• 2J 

80-9 




. 3 

89-1 




■ H 

90-9 




• 4 

95-5 




• 44 

99-0 




. 5 „ 


(For table of vapour pressures between 0° and 
50°, v. Ramsay and Young, Cliem, Soc. Trans. 
47, 953 ; also Herwig, Pogg. Ann. 137, 99 ; 141, 
83 ; 1*47, 101.) 

The vapour of carbon disulphide, whon 
passed over metallic oxides at a red heat, yields 
sulphur dioxide and carbon, togother with 
metallic sulphides, which are generally found 
crystallised and resemble those found in nature. 
Carbon disulphide is one of the most powerful 
sulphurising agents known, and by means of it 
many sulphides may be produced which are not 
otherwise obtainable (Fremy). It converts 
oxides into sulphides when heated with them in 
soaled tubes. The vapour is strongly attacked 
by nitric acid, yielding sulphuric acid and 
nitrous vapours. 

A mixture of tho vapour of carbon disulphide 
and sulphuretted hydrogen, when passed over 
red-hot copper, yields copper sulphide and 
marsh eas : CS 2 -f 28H 2 +4Cu=4CuS“j-CH 4 . 

The vapour of carbon disulphide when 
passed over wood undergoing destructive distil- 
lation alters the character of the carbonaceous 
residue, producing a material having high con- 
ducting powers for heat and electricity, and 
extremely sonorous when struck. 

Oarbon disulphide is a powerful disinfectant. 
Meat and other putrescible bodies have been 
kept in an atmosphere containing its vapour for 
months without change. 

Heated potassium bums in the vapour of 
carbon disulphide with formation of potassium 
sulphide and liberation of carbon. 

When brought* in contact with a solution of 
an alkaline hydroxide, carbon disulphide is de- 
composed, a carbonate and a sulphocarbonate 
being formed : # 

eKHO-f-aCSg^aK.CSj+aH.OH-KjCOa 

When the vapour of carbon disulphide is 
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passed over heated oalcium hydroxide, it is 
decomposed, carbon dioxide and sulphuretted 
hydrogen being evolved. 

This reaction has been utilised in the removal 
of carbon disulphide from coal gas. 

Chlorine has but* little action on carbon di- 
sulphide at the ordinary temperatures, but in the 
presence of iodine, the chlorides of antimony 
and molybdenum, &c., chlorine replaces the 
sulphur with conversion of the carbon disulphide 
into carbon tetrachloride, and, if the action is 
interrupted before it is complete, intermediate 
compounds or Bulphochlorides are formed (J. 
Soc. Chetn. Ind. 0, 723). 

Carbon disulphide combines with triethyl- 
phosphmo F(0 2 H B ) 3 to form a solid compound, 
crystallising in red crystals of the composition 
X?(C 2 H B ) a CS 2 . 

Owing to itB volatility it may be made to 
produce great cold by its own evaporation, and 
if this takes place very quickly under the air- 
pump, a temperature of — B0° may be obtained. 

An aqueous or alcoholic solution of caustic J 
potash, boiled with carbon disulphide, yields | 
with lead salts a black precipitate of lead sul- | 
phide. This is a delicate test for the substance. 1 

Carbon disulphide may bo detected in coal i 
gas by passing the gas when completely freed j 
from sulphuretted hydrogen over red-hot copper 
foil, when the copper acquires an iridescent 
lustre, and its nitric acid solution diluted with 
water yields after some time a precipitate with 
barium chloride (A. Vogel, Zeitsch. anal. Cliem 
[2] 6, 253). 

Carbon disulphide combines with metallic 
sulphides, forming sulphoearbonates 
CS 2 +Na 2 S=Na 2 CS 3 

Sulphocarbomc acid is a yellow oily liquid, 
obtained by decomposing its potassium salt with 
hydroohloric acid 

K 2 CS 3 -f-2HCl=H 2 CS 3 -f 2KC1 
Potassium sulphocarbonato has been used for 
the destruction of phylloxera. 

Uses . — Carbon disulphide is applied to a 
large numbor of useful purposes, the chief of 
which is in the preparation of vulcanised caout- 
chouo, and as a solvent for the latter in the 
manufacture of waterproof goods, by the de- 
position of a thin layer of the dissolved caout- 
chouc on the fabric ; for the extraction of fat 
from crude wool ; fatty oils from oil seeds and 
pressed residues ; and for tho purification of 
paraffin. It is used in the extraction of un- 
oombined sulphur, and of bitumen from minerals. 

A solution of guttapercha in carbon disulphide 
is employed in making seamless joints and 
for the preparation of caoutchouc cement, 
various colours, ammonium thiocyanate, &c. 
It is also used for filling prisms on account of 
its high dispersive power. 

Advantage is taken of its poisonous pro- 
perties to expel weevils and other insects from 
stored grain without injuring the cereal. For 
this purpose, a small quantity of the carbon 
disulphide is sprinkled over tlje grain ; both the 
larvae and eggs are killed without injury to the 
grain (Doy&re). It is also employed to destroy 
chicken lice and fleas, gioths in furs, and in 
America to kill burrowing animals, such as 
ophers, ground squirrels, woodchucks, prairie 
ogs, rats, mice, moles, &c., and as a plant 


insecticide. It is used in Brazil to expel the 
Sauba ant from the foundations of houses. It 
may also be used m the analyses of oil seeds as a 
solvent for the purpose of ascertaining the pro- 
portion of oil which the ground seeds contain. 

As carbon disulphide dissolves iodine in largo 
quantity, hut does not appreciably dissolve in 
water, it is employed for determining the amount 
of moisture m commercial iodine. 

It may ho used for dissolving quinine and 
other alkaloids ; for extracting the aromatic 
principles from seeds and spices ; and for the 
extraction of the scent of flowers. For these 
purposes, however, the purest quality of tho 
i disulphide can alone be employed. 

A solution of phosphorus in carbon disul- 
I phide has been employed m the elqptrotypmg of 
very delicate objects, such as grasses, flowers, 

I feathers, &c. These are dipped into the solu- 
tion, when, by exposure to the air, tho carbon 
disulphide evaporates and leaves a thin film of 
phosphorus on the surfaces ; they aro then 
dip} >od into a solution of silver nitrate, by which 
silver is precipitated in a thin film, upon which, 
by tho electrotype process, any thickness of 
Bilver, gold, copper, &c., can be deposited. If 
a few drops of carbon disulphide are put mto 
a solution of silver cyanide, from which tho 
metal is being electro-deposited, tho silver is 
deposited bright, whereas without the disulphide 
it would be dull. 

Deiss, who first employed carbon disulphide 
j in the extraction of fatty oils from seeds, oil- 
j cakes, and other pressed residues, used the fob 
j lowing arrangement : — 

I Carbon disulphide was introduced mto a 
large cemented brickwork reservoir, with a man- 
hole, which is generally kept closed, 22 foot 
long, (> feet in diameter, and nearly 6 feet deep, 
and lined with lead up to the point to which it 
1 was filled with the disulphide and water, the 
latter being added as a thin layer to prevent the 
too lapid evaporation of the carbon disulphide. 
Immediately above this reservoir is a worm con- 
denser, whose tail pipe dips into the liquid in 
the reservoir below ; on one side of the condenser 
there is an extractor having a capacity of 4400 
gallons, and capable of receiving a charge of 12 
tons of oilcake. This extractor is supplied by 
means of a pump with carbon disulphide from 
the reservoir below through a pipe leading up 
from the reservoir to the extractor. The latter 
apparatus has two perforated shelves, one nearly 
at the top and the other nearly at the bottom, 
between which the substance to be operated upon 
J is placed. In the space between the lower per- 
forated shelf and the bottom of the extractor is 
a coil of pipe through which steam can be 
passed. Just above the upper perforated shelf 
there aro nino pipes on the same level for the 
purpose of carrying the vapours produced in the 
operation to the condenser. There are also 
pipes just above this shelf which are in direct 
communication with a still on the opposite side 
of the condenser, to which disulphide saturated 
with oil is carried, the saturated disulphide 
rising to the surface in the operation owing to 
the difference in the sp.gr. of the carbon disul- 
phide (1-29) and oil (about 0'900). The still in 
which Jhis liquid iB distilled is about 11 feet 
long, 5 feet wide, and 15 inches deep, holding 
when half fillejJ about 400 gallons. The liquid 
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is heated by steam supplied through two pipes | 
coiled several times round the bottom of the 
still, and th$ vapour of the volatilised carbon ! 
disulphide is led through nine pipes into the 
condenser, and thence into tho roservoir below 
the condenser, and is ready to be used again in 
tho extractor for macerating a fresh quantity of 
material. 

The time talum to fill tho extractor with 
carbon disulphide is 8 hours, tho maceration 
of the material 4 hours, tho emptying of tin* 
contents of the extractor into the reservoir at 
the eloso of tho operation 2 hours, and tho 
steaming of the oil m the still in order to free it 
from carbon disulphide from 8 to 12 hours 
Wor kin g with an apparatus such as described, 
about 2 1 tonS of oil can be obtained in 30 hours 
from 25 toiiH of oilcake. 

Extraction of fat from wool -Morson and 
Jcromo ornploy for this purpose a laigo eyhndn- 
oal vessel with a close-fitting cover and double 
walls, between Avhieli hot water emulates The 
wool is placed on a perforated shelf near the 
bottom ot the 1 ylindcr, whilst a perforated plate, 
a kind of piston, could bo pressed upon tho wool 
by an arrangement of screws Carbon disul- 
phide is pumped from a reservoir into the 
extiactor, and as the liquid bocomes saturated 
with fat it is led through a pipe into a still, 
heated by a coil of steam pipe at the bottom, the 
vapour being passed to a worm condenser and 
tho liquid disulphide passed into the reservoir 
which is immediately beneath. By a second 
arrangement ot steam pipes, steam can be passed 
directly into the still so as to removo the last 
portions of disulphide. A current of air, heated 
to 70°, is then forced through tho wool by meanR 
of an air-pump. As all the parts of the apparatus 
ire m direct communication with each other, it 
is necessary to supply the diminished pressure 
in the reservoir. When air is pumped out of it 
and sent through a tube several times bent and 
the last portion fitted, with a hot- water jacket, 
the equilibrium of pressure should be maintained, 
and this is done by a supply of air from a gas- 
holdor in connection with the apparatus The 
last portions of carbon disulphide are thus swept 
out of tho extractor and are carried through a 
pipe into a second worm condenser, and thence 
to the reservoir. At convenient points between 
the macerating vessel and the still, as well as at 
the ends of the condensing worms, there are 
windows in the pipes, which serve to form an 
idea of the state of the operation, and close to 
each of those windows is a cock from which a 
little of tho liquid can be drawn and evaporated, 
in order to sec if a residue of fat remains. 

The macerating vessel or extractor is eharged 
with about 10 tons of wool, which is then re- 
duced to about half its bulk by screwing down 
the perforated plato. The carbon disulphide is 
pumped into the extractor, and, after filtering 
through the woo], ascends through the perfora- 
tions and passes into a pipe leading to tho con- 
denser. This is continued until tho liquid comes 
*over colourless, and leaves no residue on evapo- 
ration. Whpn the extracting process is finished, 
the cock admitting carbon disulphide into the 
extractor is dosed, and a partial vacuum is 
formed by drawing air out of the extractor by 
the air-pump, the greater part of the disulphido 
adhering to the wool being carried 'with it at 
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the first few strokes. The water-jacket is then 
heated by water at 70°, and the cocks are so 
arranged as to allow the heated air to pass 
through the wool, and thence into the open air. 
By this method a considerable quantity of fatty 
substance is obtained from* sheep’s wool which 
was formerly lost. 

Tho following materials are treated with 
carbon disulphide in order to obtain fatty 
matters from them : — 

1. The dark-coloured residues of stearin 
manufactories, which are products of tho treat- 
ment with sulphuric acid. They yield from 18 
to 20 p.c. of fatty acid, which was formerly 
almost entirely lost. The residues are mixed 
with sawdust to facilitate tho filtration of the 
dissolved portion. 

2. Tho dark-brown cart-grca u e from tho axles 
of carts, carriages, &c. This is first treated with 
sulphuric acid, washed, and dried. 

3. Tow and rags used m cleaning machinery. 
This treatment of rags, &c., lias a threefold ad- 
vantage ; recovery of fat or fatty acids, purifi- 
cation of the rags so that they can bo used again, 
and the prevention of spontaneous combustion, 
which these materials are liable to on exposure 
to air. 

4. The refuse of tho preparation of bees- 
wax, which on treatment with carbon diBuiphido 
yields a yellow wax useful for many purposes. 

5. Sawdust that has boon used for filtering 
oils after purification with sulphuric acid. 

(5. Tho sediment produced by the treatment 
of various oils with sulphuric acid contains about 
50 p.c. of oil, which may be extracted by carbon 
disulphide after washmg with boiling water, 
drying, and mixing it with sawdust. 

7. Bones from slaughter-houses and kitchens 
to be used m the preparation of bone-black 
yield to carbon disulphide from 10 to 12 p.c. 
of fat. 

8. The expressed residues of oil seeds, such 
as rape, soHam6, llax, &c., when they cannot be 
properly employed as fodder. Jn ail cases it is 
necessary to break up the oilcake into small 
pieces before treating it with carbon disulphide, 
so as to ensuro thorough ponetration of this sub- 
stance. The residue left after extracting the 
fat is hardly suitable for fodder, but is valuable 
as a manure. 

9. The ‘ cracklings ’ or greaves obtained by 
tho melting of tallow. 

10. The pressed cacao beans from which no 
further cacao butter can bo obtained by pressing. 

11. The pressed residues obtained in the 
preparation of olive oil. 

Extraction of bitumen, &c., from minerals . — 
Carbon disulphide can be employed m the ex- 
traction of bitumen from mineral bodies which 
contain so small a percentage as not to pay when 
obtained by the ordinary process of distillation. 
The apparatus used consists of a close reservoir 
for the carbon disulphide, ^>ver which is a 
cooling apparatus which serves as condenser. 
Below the reservoir are two filters provided near 
the bottom with pferf orated shelves. Minerals 
are introduced into the filters upon the shelf 
through doors near tho bottom, which are then 
closed and made air-tight. Carbon disulphide 
is now admitted through a pipe at the bottom of 
each filter, and as the liquid rises it percolates 
. througl*th% minerals, dissolving out the bitumen, 
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and when full flows out at the top through 
a pipe leading to a still, where the saturated 
liquid is distilled, the vapour of carbon disul- 
hide ascending into the condenser, and the 
quid carbon disulphide as it condenses trickles 
into the reservoir "beneath. The bituminous 
matters, which remain in the still, are drawn off 
by a cock at the bottom, and the disulphide 
which romains absorbed by the minerals in the 
filters is expelled by a current of steam. This 
apparatus is practically continuous, very little J 
loss of the disulphide taking place at each opera- 
tion, and as much as 12 p.c. of bitumen can be 
obtained, whereas only 7 or 8 p.c. could be had 
by distillation. 

Extraction of spices, &c . — Boniere haB de- 
vised an apparatus for extracting the aromatic 
principles of various spices and other substances 
used for seasoning food, by means of carbon 
disulphide. It is on the same principle as the 
apparatus already described, and consists of a 
series of wire-gauze sieves arranged one over 
the other in an air-tight case. The carbon disul- 
phide is made to pass through the sieves, which j 
contain the substance to be operated upon, r.y. \ 
popper, thus dissolving out the active principles, 
and as it reaches the top it flows through a 
pipo into a boiler. The boiler contains salt, 
sugar, lactose, dextrin, saltpetre, or other 
material. The liquid is distilled in the boiler, 
by admitting steam into a kind of jacket, when 
the disulphide distils over and is condensed in 
a worm condenser, while the salt or sugar 
remains behind, retaining all the aromatic or 
activo principles of the spice. 

Bergot has constructed an apparatus for 
rapidly determining the quantify of oil m seeds, 
&e., by moans of carbon disulphide It consists 
of a glass vessel in the neck of which a cylin- 
drical glass vessel is accurately lifted, and at the 
side in a tubulure is inserted a small air-pump. 
50 grams of the finely ground seed to be ex- 
amined are placed in the cylindrical glass 
vessel, and arc covered with a diaphragm 
upon which 50 more grams are placed and 
covered with a second diaphragm. Carbon 
disulphide is now poured on until the seed is 
fully moistened, and after a few minutes a 
partial vacuum is made in tho apparatus by 
means of the air-pump, when the pressure of the 
air drives out the disulphido and oil m solution 
into the vessel beneath. This is repeated until 
the carbon disulphido comes off colourless and 
leaves no oily stain on contact with filter 
paper. About 400 or 500 grams of carbon di- 
sulphide are sufficient to exhaust the above 
amount of seed. 

The oily solution thus obtained is heated 
ver a water-bath, and as soon as tho disulphide 
is expelled, the residue is allowed to cool and is 
weighed. 

H. L. Greville has extracted with advantage 
the carbon disulphide absorbed in the purifiers 
of the gasworks.’ The lime used for this pur- 
pose, after being discharged from the purifiers, 
is introduced into a boiler capable of receiving a 
charge of several hundredweights, fitted with a 
perforated false bottom, pressure gauge, and an 
arrangement for admitting steam. The yield of 
carbon disulphide from 100 tons of spent lime 
is about 1$ tons. In addition to the value of 
the crude product thus obtained, the lime 


remaining is, with a small addition of fresh 
lime, fit for further use in the purification of 
ooal gas. As is well known, oaide of iron, 
after continued use in the absorption of sulphur- 
etted hydrogen from coal gas, contains about 
50 p.c. of free sulphur. The crude carbon di- 
sulphide, obtained as described, can be used for 
the extraction of this sulphur, and the oxide 
which remains is revivified, and is again fit for 
unfying purposes. The sulphur is recovered 
y distillation, and tho carbon disulplude can 
be used over agam (J. Soc. (Jhem. lnd. 2, 488). 

The principal soats of manufacture of carbon 
disulphide m England are London, Manchester, 
certain towns m Yorkshire, and lronbridge ; in 
France, Paris, Bordeaux, and Marseilles. Ger- 
many, Austria, and Sicily have Beveral manufac- 
tories. 

Carbon monosulphide (HIS). A reddish-brown 
powder obtained by exposing carbon disulphide 
to sunlight, insoluble in water, alcohol, 
turpentine, and benzene (Sidot, Compt. rend. 
69, 1303; 74, 180; 81,32). 

It is also formed when tluocarbonyl chloride 
reacts at ordinary temperature with nickel car- 
bonyl: a;CSCl 2 +a;Ni(CO) (1 =a:NiCl 2 + 4x00 + (CS)*. 
'Phe reaction also takes place at —20°, although 
more slowly. The nickel chloride produced is 
extracted with water, and the brown residue is 
dried by heating at 100°, then at 150°-200° 
under reduced pressure. 

Carbon monosulphide has sp.gr. 1’6, but after 
compression into a solid block the sp.gr. is 1 - 83. 
It is a non-conductor of electricity. In concen- 
trated sulphuric acid it forms a purplish-brown 
solution, tho colour of which is destroyed on 
boiling, when carbon dioxide and sulphur di- 
oxide are evolved. When poured into water 
tho purplish-brown solution yields the unchanged 
monosulphidc. It also forms brown solutions 
in aqueous or alcoholic ammonia, in ammonium 
sulphide, in potassium -hydroxide Bulphide and 
hydrosulphide. With nitric acid it gives a red 
solution. When heated in a vacuum at 360° or 
below, no change takes place, only a small 
quantity of hydrogen sulphide is evolved, but 
at a dull red boat it decomposes thuB : 

2(CS),=srC+rCS t 

When carbon disulphide vapour at low 
pressure is subjected to the action of the silent 
electric discharge, sulphur is deposited, and 
probably gaseous carbon monosulphide is 
evolved. Tho gas can be collected in a tube 
cooled with liquid air, when it condenses together 
with carbon disulphide. If the temperature of 
tho condensing tube is allowed to rise, the mono- 
sulphide polymerises with explosive violenoe to 
the brown solid carbon monosulphide (CS)*. In 
presence of excess of carbon disulphide, the 
gaseous monosulpliide is fairly stable under 
certain conditions oven at high temperatures, 
but it is completely decomposed when paissed 
through 10 c.m. of a red-hot tube packed with 
asbestos. (Dewar and Jones, Proc. Roy. Soc. 
1910, 83, A, 408, 626. See also Dunn, Chen^, 
Soc. Proc. 1910, 116 ; Dewar and Jones, ibid. 
Trans. 1910, 1226 ; Dewar and Jones, Proo. 
Roy. Soc. 1911, 85, 574.) 

Carbon oxysulphide or Carboxyl sulphide or 
Carbonyl sulphide COS. Discovered by Than, 
in 1867 ; • occurs in oert&in hepatic waters or 
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mineral spring*!. Prepared (1) by paasiflfe a 
mixture of oarbonic oxide and vapour of sulphur 
through a het tube : CO-fS— COS.— (2) By the 
aotion of sulphuric acid upon potassium or 
ammonium thiocyanate : 

CNKS-f 2S0 4 H a +0H« 

=C0S+S0 4 HK+S0 4 (NH 4 ) 
The gas is purified by passing it successively 
through strong caustic alkali, concentrated sul- 
phuric acid, and finally through a mixture of 
triethylphosphine (I part), pyridone (9 parts), j 
and nitrobonzene (10 parts). It is thon cooled | 
to 10°-20°, and the last traces of impurities are 
removed by liquefying it, when the impurities j 
remain uncondensed (Hempel, Zeitsch. angew. 
Chem. 1901, 14, 865). — (3) By heating together I 
sulphur trioxide and carbon disulphide : 
CS a +3S0 4 =C0S+4S0 a (Armstrong).— (4) By 
heating urea with carbon disulphide m a sealed 
tube to 110° : COH^Nj+CSj— COiS+CNS-N 1I 4 . 
The oxysulphide is given off together with 
hydrogen sulphide on opening the tube, and the 
latter is absorbed by passing through lead 
acetate (Ladenburg). It is also formed m the 
combustion of carbon disulphide with oxygen 
(Dixon and Russel, Chem. Soe. Trans. 1899, 
619), and by the passage of the dark electric 
discharge through a mixture of carbon disulphide 
and carbon monoxide (Losamtsch and Jovit- 
schitsch, Ber. 1897, 30, 135). 

Propcrlieu . — It is a colourless gas, and 
odourless when quite pure (Stock and Kuss). 
It acts strongly on the nervous system, a rapid 
overpowering action following the inhalation 
of small quantities. It is readily inflammable, 
and forms with oxygen an explosive mixturo 
(Russell, Chem. Soc. Tians. 1900, 356). The 
gas is soluble in water, 1 c.c. dissolving 0*8 c.e. 
of tho gas at 1 3*5° and 756 mm. pressure. The 
solution gradually decomposes, forming hydrogen 
sulphide and carbon dioxide. A platinum 
wire heatod to whiteness m the gas decomposes 
it into sulphur and carbonic oxide, the latter 
occupying tho original volume of the gas. 
It has a specific gravity of 2T046, and may be 
easily poufed from one vessel to another. When 
burnt in air, it produces carbon dioxide and 
sulphur dioxide. With caustic alkalis, it yields 
a mixture of carbonate and sulphide 

COS+4KHO==CO a K a -fK a S+2H a O 

Carbon oxysulphide reacts with solutions of 
metallic salts, forming tho metallic sulphide and 
carbon dioxide, and is readily oxidised to 
oarbon dioxide and sulphuric acid by bromine 
water or acid permanganate. 

It is slowly decomposed by acid cuprous 
ohloride, thuB : 

C0S+2CuCl+H a 0=C0 1 +2HCl+Cu f S 
(Berthelot, Ann. Chim. Phys. 1898, [7] 14, 205). 

With magnesium organic compounds, it can 
be employed in the synthesis of thio-acids and of 
a-trisubstituted carbinols (Wiegert, Ber. 1903, 
36, 1007). 

Its oritical temperature ib 105°, and its 
critioal pressure is 60 atmospheres. It is 
liquefied at a pressure of 1 2*5 atmospheres and 
temperature 0° to a colourless, mobile, and 
highly refractive liquid, D— 87° 1-24,; m.p 

—138*2°, boiling at —50*2°, at 760 mm., whioh 
dissolves sulphur and mixes with. alcohol and 
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ether, but not with water (Ilosvay, Bull. Soo. 
ohim. [21 37, 294 ; Stock and Kuss, Ber 1917, 
50, 159). 

CARBON SUBOXIDE ( Carbon carbonyl ; 
Carbonyl ketene ; Malonic anhydride) CgO t . 
Discovered in 1906 by Diels and Wolf. Pre- 
pared by distilling ethyl malonate under reduced 
pressure into a vessel containing a large excess 
of phosphorus pontoxido and some glass wool, 
tho vessel being kept at a temperature of 300°. 
Tho resulting products are passed through a dry 
tube, and thon into a vessel immersed in liquid 
air to condense the ethylene and carbon suboxide. 
The othylene volatilises from the mixture at tho 
ordinary temperature, leaving a small quantity 
of colourless liquid. This is volatilised and 
collected in a tube kept at between 00° and 70° 
(Diels and Wolf, Ber. 1906, 689). Diels and 
Meyerheim (ibid. 1907, 355) showed that carbon 
suboxide may bo obtained by Bimilar methods 
from methyl, benzyl, and phenyl malonates and 
also from ethyl methanetnearboxylate ; and 
that by heating malonic acid at 140°-150° thore 
is formed acetic acid, carbon dioxide, and about 
10 -12 p.c. of carbon suboxide. Staiidmger and 
Beroza obtained carbon suboxide by treating 
malonyl chloride with silver, lead, or zinc 
oxides ; the yield is only 10 p.o. (Bor. 1908, 
1461). By treating an ethereal solution of 
dibrommalonyl chloride with zinc shavings, a 
method similar to that for preparing the ketenes, 
Staiidinger and K lever obtained a 50-80 p.c. 
yield of carbon suboxide (Ber. 1908, 906). 
Stock and Stoltzcnberg (Ber. 1917, 50, 498) 
find that the poor yields of carbon suboxide 
usually obtained by tho action of phosphorio 
oxide on malonic acid are largely clue to the 
polymerisation of tho suboxide undor the 
catalytic influence of the dehydrating agent, and 
thoy describe an apparatus in which the suboxide 
is rapidly removed by carrying out tho reaotion 
in a vacuum and condensing tho product by 
liquid air. 

The pure oxide is a colourless, very mobile, 
refractive liquid with a pungent smell resembling 
acetaldehydo and mustard oil. It is poisonous. 
It boils at 7° under 761 mm., and its vapour 
density corresponds to tho formula C 8 O a ; 
m.p. —107° ( — 111*3° Stock and Stoltzenberg) ; 
density of liquid 1*11. On passing the vapour 
through a constricted tube, a metallic mirror 
resembling arsenic is obtained. At low tem- 
peratures, carbon suboxide is quite stable, but 
between 0° and' 15° a traeo of impurity rapidly 
polymerises it to a red solid. This polymeride 
is very hygroscopic, and on addition of water, 
heat is developed, carbon dioxide evolved, and 
an eosin-red solution formed : by heating the 
red compound carbon dioxide, carbon monoxide 
and carbon suboxide are formed, and at higher 
temperatures, carbon monoxide and dioxide are 
produced, the residue being a mixture containing 
more carbon than is required for carbon suboxide. 
By keeping carbon suboxicte for 2 days in a 
sealed tube at 15°, it completely changes into 
the polymeride, farming a dark-red solid mass, 
soluble in water to a dark-red solution ; this 
change is instantaneous at 100°. Carbon 
suboxide bums with a bright-blue but smoky 
flame, forming carboy dioxide. Carbon suboxide 
does not combine with aldehydes, SchiS’s 
bases or ^hydrogen cyanide (Diels and LaUn, 
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Ber. 1908, 3426), but in liquid sulphur dioxide 
at —40° to —50° forms a white crystalline 
compound with formio acid, and a colourless 
syrup with acetic acid ; the constitution of 
these compounds is doubtful. Water quickly 
reconverts it into mnlonic acid. 

Two formulre have been proposed for carbon 
suboxide ; Diels and Wolf represent it as the 
anhydride of malonio acid 0 : C : C : C : 0 ; 
Michael (Ber. 1906, 1915; 1908, 425), as the 

lactone of /Miydroxypropiolic acid 


The first formula seems to be correct, for the 
following reasons ( v . Diels and Blumberg, Bei 
1908, 82, 1233) 

(1) B p. 7°. Propiolic. acid boils at 144°, and 
if /Miydroxypropiolic acid had a boiling-point, 
it would boil higher still, and its lactone would 
certainly not boil at so low a temperature as 7°. 

(2) The values for the molecular refraction 
and molecular dispersion are high: M^IG’6; 
y~ a=0'736, 0*739, 0*862 (three determinations). 

(3) Similarity of carbon suboxide to the 
metallic carbonyls. 

(4) Similarity to the isocyanates and ketenes. 

(5) Addition of four atoms of bromine to 
form dibrommalonyl bromide and the regenera- 
tion of carbon suboxide from this compound 

(6) The following chemical reactions : — 


():C:C-C 0 + 2H20=H()0C OHa COOH(malonicacifl) 
O : C : C : C : O + 2HCI=( 'I ( )C CH 2 *C« >C1( malonyl chloride) 
().C:C.C:0 + 2NH a 

=H«N OO OH.,*OONH 2 (mulon amide), 
0;C.C:C:0+2C # H.NH a 

=C 9 H 6 HN ? ()C CHg CONH 0 fl H c (malonanlllde). 


(7) The improbability of the existence of a 
/Mac tone containing two carbon atoms triply 
linked together (v. Ketones). 

CARBONADO v. Diamond. 

CARBONITE, or natural coke. A coke-like 
material formed by the baking action of intru- 
sive igneous rock-masses on seams of bituminous 
coal. Found in Ayrshire and m Chesterfield co., 
Virginia. L. J- S. 

CARBONITE. An explosive consisting of 
nitroglycerine, 25-27 parts ; barium nitrate and 
potassium nitrato, 30-36 parts ; wood meal, 
40-43 parts ; sodium carbonate, 0*5 parts {v. 
Explosives). 

CARBONYLS. Metallic compounds of car- 
bon monoxide. The existence of this class of 
compounds was first made known in 1890, when 
Mond, Danger, and Quincke discovered that 
carbon monoxide, passed over heated, finely 
divided nickel, yielded a colourless volatile 
liquid. 

Iron, cobalt, molybdenum, and ruthenium 
have Bince been found to yield carbonyls by 
similar treatment. 

The production of the carbonyl is facilitated 
by conducting the operation under pressure and, 
in most cases, at a fairly high temperature. 

For the production of the iron and nickel 
oompounds, the carbon monoxide is simply 
passed over the heated metal, but for the other 
compounds a special apparatus is used. TMb 
consists of a nickel-steel tube, in tho form of a 
test-tube, capable of withstanding a pressure of 
500 atmospheres and a temperature of 450°. It 
is copper lined to prevent the aotion of carbon 
monoxide upon the iron. The carbon monoxide 
under pressure is led in through a pressure valve 


and do^n a coppor tube reaohing almost to the 
bottom of the niokel-steel tube, where it comes 
in contact with the metal to be experimented 
upon, contained in a glass tube loosely fitted 
to the top of the apparatus. The excess of the 
carbon monoxide, and other vapours, escape 
through a pressure valve and pass through a 
tube immersed in a freezing mixture, in which 
any compound that is formed is collected 
(Chem. Soc. Trans. 1910, 97, 798). 

The carbonyls have very similar chemical 
properties. Upon heating, in some cases an 
intermediate compound is formed, but they all 
decompose ultimately, yielding the metal, which 
is deposited as a bright mirror, and carbon 
monoxide. Dilute acids are practically without 
action upon them, but strong acids decompose 
them readily, giving the corresponding salt, 
with tho evolution of carbon monoxide and hydro- 
gen The halogens also decompose them. All 
are decomposed by moist, air, giving precipitates 
of the metallic hydroxides and, m some cases, 
what is probably a hydrated basic carbonate. 
They are more or less soluble in the common 
organic solvents, but. all are insoluble in water. 

In physical properties, they vary con- 
siderably ; thus, in volatility, they range from 
the non-volatile Fe 2 (C()) 4 of sji.gr. 2*08 to the 
very volatile Ni(CO) 4 of sp.gr. 1*32. They are 
highly coloured, except m the cases of molyb- 
denum and nickel carbonyls, which arc white 
and colourless respectively. Some can exist in 
the three states of solid, liquid, and vapour, and 
others in only one oi two of these phases. 

Owing to their diversity m composition, a 
general chemical formula cannot he assigned to 
them, hut it is probable that thev are similarly 

XIO-CO 


constituted. A ring formula, e.q Ni I 

' co*co 

does not explain all their properties, and the 
compound Fe 2 (CO) 9 cannot be brought into lino 
with the other comjiounds which only contain 
one atom of the metal. Presumably they have 
a molecular rather than an atomic constitution 
(Mond, Hertz and Cowap, l.c.). The various 
known carbonyls are described under tho several 
metals. 

CARBORUNDUM {Crystalline silicon car • 
bide) SiC. This compound was discovered 
accidentally by Aohoson, in 1891, and is now 
manufactured under his patent (Eng. Pat. 
17911, 1892) by the Carborundum Co. at 
Niagara Falls, U.S.A., and to a smaller extent in 
Canada. 

Preparation . — Amorphous silicon carbide is 
formed by heating carbon and silica together at 
about 1200°, as a greenish powder (Schutzen- 
berger, Compt. rend. 114, 1089), but carborun- 
dum is only formed at a temperaturo of 1950° 
(Tucker and Lampcn, J. Amer. Chem. Soc. 1906, 
28, 853) (1820° according to Gillett), which is 
attained by means of the electric arc. Moissan 
thus prepared pure silicon carbide from the 
vapours of carbon and silicon (Compt. rend. 
1893, 1 14, 1089). 

The method of manufacture used at Niagara 
is as follows : — The furnaces are built of firebrick 
and are about 16 feet long X 5 feet highxS^eet 
wide. ^The ends are solid, about 2 feet thiok, 
and oarry the terminals. Each terminal con- 
sists of 60 .carbon rods, 30 ^inches long and 
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8 inches diameter, into the ends of Which fit 
copper plugs which in turn fit into sockets in a 
square copper plate bolted to the outside of the 
wall, and connected with the leads. Only the 
•end walls and the bed are permanent ; the sidcH 
are built up with the charge and taken down to 
remove the product. 

In charging, the furnace is half filled with 
the materials, which must not touch the elec- 
trodes ; and a cylindrical core 21 inches diameter, 
composed of pieces of coke inch diameter, 
is built up between the electrodes. Over this 
the charge is built up to a height of 8 feet. The 
curront passeB through the eoko and forms 
numerous arcs which heat the charge to a 
very high temperature. The charge is com- 
posed of : 

(Joke . . . . 31 *2 parts 

Sand . . . . 54 2 ,, 

Sawdust . . . 9*9 ,, 

Salt . . . . 1*7 „ 

The salt, is added as a flux ; the sawdust to 
increase the porosity of the chaige and allow 
the escape of the carbon monoxide formed in 
the reaction : 

SiO 2 + 2C — Si -f 200 
Si-l-o SiO 

During the run, about 0 tons of this gas are 
given off ; it is allowed to burn at the top of the 
furnace. 

The alternating current supplied by the 
Niagara Power Co. at 2200 volts is transformed 
down to 105 volts, and a large water rheostat is 
used to regulate or interrupt the current, the 
usual means being too dangerous with the heavy 
currents used. At the beginning of a run, the 
E.M.F. is 105 volts, but within 1-V hours the 
resistance decreases and the E.M.F. is reduced 
to 125 volts ; during this period, the current 
increases from 1700 amperes to 0000 amperes. 
The conditions then remain steady during the 
whole run of 30 hours. 

A modification of tho process consists in pre- 
heating the charge by combustion of gaseous or 
solid fuel (Tone and the Carborundum Co. 
U.S. Pat. 908357, 1908). By moving the po- 
sition of the arc relatively to the charge, tho 
process may be made continuous (ibid. U.S. Pat. 
937119, 1909). 

The charge per furnace is about 30,000 lbs., 
of which the core forms about 3 p.c., the energy 
used id* about 26,400 kilowatt-hours, and the 
product contains about 6700 lbs. of carborun- 
dum and 5000 lbs. of amorphous silicon car- 
bide. 

The carborundum is dug out in large masses 
and pounded with water in a mechanical 
orusher, and then digested with sulphuric acid 
(1 : 2) for 3 days at 100°, and finally washed with 
water. The finer portions, which are washed 
away, are collected separately and known as 
flours. The residue is driod in a kiln and graded 
through a system of screens. Hand-washed 
powders are of various grades of fineness, accord- 
ing to the length of time they remain suspended 
in water (Kohn, J. Soo. Chem. Ind. 1897, 
863). 

Some analyses of these products are tabulated 
above : — 


— i. n. 

in. iv. 

V. 

Si 70 00 69*93 

62*70 69*10 

65*42 

C 30*00 29*90 

32*26 30*20 

27*93 

Al s O s 1 

FojOs J — 

*0*93 0*46 

6*09 

CaO - — 

— 0*15 

0*38 

MgO — — 

0*11 — 

0*21 


I. is the calculated composition for SiO ; 
II. is Moiesan’s pure product (Compt. rend. 
1893, 1 14, 1089) ; 111. is commercial carborun- 
dum ; IV. is the same after purification by 
Miihlhauser’s method — heating in oxygen for 
1 hour and treating with hot Bulphuric and 
hydrofluoric acids (I)ingl. poly. J. 1893, 289, 
164) ; V. is amorphous silicon carbide. 

Weber has patented a method of production 
from kaolin and coke in the electric furnace. The 
product is treated with water, which decomposes 
the aluminium carbido, leaving the carborun* 
dum (U.S. Pat. 728528, 1903). 

The production of a dense, compact variety, 
by the action of the vapours of carbon and 
silicon upon silicon carbide has been patented 
by the Carborundum Co. (U.S. Pat. 913324) 
and by llouvicr (Fr. Pat. 350369, 1904). It 
is very hatd, resists acid, and is a good insu- 
lator. 

Its preparation from silicon monoxide and 
carbon has been described bv Potter and Westing 
house (U.S. Pat. 875073, 1907). 

Articles may be formed in pure carbon and 
afterwards converted into carborundum by 
heating to a very high temperature in a bod of 
finely powdered carborundum or of sand and 
carbon (Bolling, Eng. Pat. 6693, 1905 ; D. R. P. 
195533 ; Fr. Pat. 353017). 

Properties.— Caiborundum crystallises in 
flattened hexagonal rhombohedra, having an 
adamantine lustre and a hardness of 9*5 (Muhl- 
hauser, Zoitsch. anal. Chem. 1893, 637). The 
colour of the commercial product iB greenish- 
grey to yellow or blue ; obtained pure from 
pure materials, the compound is colourless. 
Its sp.gr. is 3*23 at 15° (Fitzgerald, J. Soc. Chem. 
Ind. 1897, 246). 

It is infusible and quite unaffected, up to a 
temperature of 2220°, when it decomposes into 
silicon and graphitic carbon (Tucker and 
Lampen, J. Amer. Chem. Soc. 1906, '28, 853). 
Acids have no action upon it, but it is attacked 
by fused alkalis with formation of a silicate and 
carbon. 

The determination of silicon in carborundum 
is made by converting it to silicate as above, and 
precipitating as silica ; carbon is estimated by 
oxidising the finely powderod substance with lead 
chromate (Matthews, J. Soc. Chem. Ind. 1895, 
755 ; Muhlhauser, Zeitsch. anal. Chem. 1893, 
637). 

Use *. — Carborundum is ifsecl chiefly instead 
of emery as an abrasive. Though it is m»re 
costly, it does the samo work more effectively in 
one-third to one-fourth the time (Muhlhauser, 
l.c.). The powder is used in glass cutting ana 
grinding, and for polishing. 

It is made up into wheels, hones, &o., by 
mixing with moistened kaolin and felspar, 
raoulc(jng # under hydraulio pressure, and firing 
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the artioles in a kiln for 7 days. Other binding 
materials, such as shellao, are used for special 
purposes, and papers, similar to emery paper, 
are made. The binding material may be dis- 
pensed with by moulding the carborundum with 
water and then heating the articles to 2500°F. in 
an oxidising flame (Iraray, Eng. Pat. 9963, 1904 ; 
Tone, U.S. Pat. 772262). 

Carborundum can be used instead of diamond 
for drill heads, if incorporated in a suitable 
metallio or ceramic matrix (Bouvier, Fr. Pat. 
376338, 1907). 

Silicon carbide is used instead of ferro-silicon 
as a source of silicon m steel making. About 
0*1 -0-4 p.c. is placed in the. ladle and dissolves 
readily in the molten steel, ensuring solid 
castings (Kaufmann and Bouvier, Fr. Pat. 
344906, 1904 ; Eng. Min. J. 76, 481). 

The amorphous silicon carbide, formerly a 
waste product, is used for making highly re- 
fractory firebricks and the retorts for zinc 
distilling (Chosneau, Ann. Ohim. anal. appl. 1908, 
13, 86). A refractory cement is made from car- 
borundum 90-60 parts, fireclay 10-40 parts, 
lime 0-4 parts, and water-glass solution 47°Be. 
20-50 parts, mixed, dried, and repowdered 
(Muller, Fr. Pat. 338914, 1903). 

Neumann has shown that silicon carbide 
reduces silver, copper, nickel, and lead from the 
chlorides (Chem. Zeit. 1900, 24, 1013). 

By the action of silicon carbide on metallic 
oxides, many motallic sdicides may be obtained. 
This reaction may be used for the preparation of 
special ternary or quaternary steels at a single 
operation (Baradac-Muller, 8oo. Mg. the. de 
France, Proc.-verb. 1908, 246). 

o-CARBOXYPHENYLTHIO G L Y C 0 L L I C 
ACID, o CARBOXYPHENYLTHIOLACETIC 
ACIDv. Phenylthioglycol-o-carboxylto acid. 

CARBURINE, Trade name for a variety of 
petroleum spirit ; sp.gr. 0 - 68. Used as an 
‘ enricher ’ of coal gas. 

CARCLAZITE or CARCLAZYTE. A name 
suggested by J. II. Collins (The Hensbarrow 
Granite District, Truro, 1878) for the china-clay- 
rock from which china-clay is prepared. So | 
named from the Carclaze mine, near St. Austell, j 
in Cornwall. L. J. S. 

CARDAMOM OIL v. Oils, Essential. 

CARDAMOM SEEDS. Cardamom i Semitist, 
B.P. The dried ripe seeds of Elelleria Carda- 
numum (Maton). 

CARDiNAL-RED, Syn. Acid magenta (v. 
Triphenylmethane colouring matters). 

CARDOL. A non-volatile ml found in the 
perioarp of the cashew nut, Anacardium occi- 
dentale (Linn.). 

CARICIN. An oil found in the Beods of tho 
papaw tree, Carica papaya (Linn.) (Peckolt, 
Pharm. J. [3] 10, 343). 

CARMINAPH v. AZO- COLOURING MATTERS 

CARMINAPH GARNET v. Azo- colouring 

MATTERS. 

CARMINAZARIN v. Cochineal. 

CARMINE. The red colouring matter ex- 
tracted from the cochineal insect. It is of some- 
what variable composition, containing besides 
the colouring matter some organic matter from 
the insects and a little the salt used to pre- 
cipitate it from solution. L 

Preparation. — The powdered cochineal is 
boiled with water, the solution filtered ,or al- 


lowed to' settle, and the oolouring matter pre- 
cipitated by addition of some salt, such as alum, 
stannous chloride, cream of tartar, Roman alum, 
&c. The precipitate is allowed to settle, and col- 
lected. Sometimes fish glue or white of egg is* 
added before precipitation. Carmine is some- 
what soluble in water and very freely soluble in 
alkaline solutions. The whole of the oolouring 
matter is immediately precipitated by alum in 
the form of a lake. 

In dyeing with carmine, a mordant of alum 
or stannous chlondo is used. Kielmeyer recom- 
mends the following mixture for printing on 
woollen goods : 14 kilos, gum, 17 ’6 kilos, cochi- 
neal lake, and 2 -25 kilos, fustic lake, arc mixed 
and warmed with 16 lit. water till the gum is dis- 
solved, then 1 kilo, of oxalic acid and 1*75 kilos, 
acid sodium oxalate added, and the mixture 
allowed to cool, after which 2 26 kilos, sodium 
acetate are added. After printing, the fabric 
must be dried for a day or two, steamed under 
a slight pressure, and washed in a stream of 
water. 

Detection of carrmve in cloth . — Alcohol 
takes no colour from the cloth, but when it is 
boiled in solution of aluminium sulphate the 
solution turns red and the colour is unchanged 
by the addition of acid sodium sulphate. 

The absorption spectrum of carmine in 
alkaline solution is remarkable, showing two 
dark bands between the lines 1) and E very 
similar to those of blood. Murexide and madder 
show no such bands. When wine is coloured 
with carmine, the characteristic absorption 
bands cannot be Heen unless more than 12 p.c. of 
the total colour is due to carmine (Gautier), but 
tho adulteration can bo detected by adding 
alum, when the colour changes to a rose 
tint. 

It is said that the finest shades of carmine can 
only ho obtained by working in direct sunlight 
( v . Cochtneal). 

CARMINIC ACID v. Cochineal. 

CARMOISINE. Syn. for Azorvhm (v. Azo- 
colouring MATTERS). 

CARMUFELLIC ACID C 1? H 10 O ia . An acid 
crystallising in thin platos, said to be formed by 
the action of nitric acid on oil of cloves (Muspratt 
and Dawson, Phil. Mag. [4] 2, 293). 

CARNALLITE. Hydrated double chloride 
of potassium (KCl 26-8 p.c.) and magnesium, 
KCl*MgCl 2 ’6H # 0. It occurs abundantly in the 
uppermost layers C carnallite zone ’) of the beds 
of abraum-salts in the Prussian salt deposits, 
and is the chief commercial sourco of potas- 
sium chlondo. It is also found at Wittelsheim 
in Upper Alsace. The mother-liquor, remain- 
ing after the potassium chloride has crystallised 
out, contains traces of bromine and rubidium, 
tho former of which is a valuable by-product. 
Thallium has also been detected in traces. When 
ure, the mineral is colourless and water-clear, 
ut it is often coloured yellowish or reddish by 
intermixed impurities. Red carnallite owes its 
colour and metallic sheen (resembling that of 
sunstone) to the presence of minute scales of 
haematite. Crystals are rare ; they are ortho- 
rhombio, and have the form of six-sided 
pyramids with numerous well-developed faces. 
Owing to the extreme deliquescence of the salt, 
crystals must * be preserved in sealed vessels. 
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Camollite and bromc&mallite, in whioh bromine 
takes the place of chlorine in the above formula, 
have been prepared artificially from solutions 
containing a large excess of magnesium chloride 
and at a temperature of over 25°. L. J. S. 

CARNAUBA WAX or CARNAHUBA WAX 
v. Waxes. 

CARNAUBIC ACID C a3 H 47 COOH is ob- 
tained from Carnaiiba wax ; m.p. 72*5° (Stiircke, 
Annalen, 1884, 223, 283; DarmStaedter and 
Lifschiitz, Ber. 1890, 019, 2899). 

CARNELIAN v. Chalcedony. 


CARNINE is the name given to a base 
isolated from meat extract by Voit (Weidel, 
Annalen, 1871, 108, 353); it occurs also in j 
beer yeast extract (Schutzonberger, Chein. i 
Zentr. 1877, 73), in the muscle of some fresh- j 
$ater fish and frog’s flesh (Kruckenberg and J 
Wagner, ibid. 1884, 107), and in beet juice (v. j 
Lippmann, Ber. 1890, 29, 2045). Carnine ! 
crystallises in chalk-white <lruses, is sparingly | 
soluble in cold, readily so in hot, water, insoluble 
in alcohol -r ether ; it forms a crystalline hydro- 
chloride and platinichloride , and a sparingly 
soluble compound with Bilver nitrate (Woulel, 

l. c.). 

Haiser and Wentzel (Monatsh. 1908, 29, 157) j 
have shown that carnine is an approximately 
equal molecular mixture of hypoxanthine and I 
inosine C, 0 li 12 O 6 N 4 , and the two are separated i 
by the action of acetic anhydride which converts j 
the inosine into the acetate C l0 II 9 O 2 N 4 (OAc) v j 

m. p. 230° (decomp.). Inosine crystallises m i 
silky needles, m.p. 215° (docomp.), [a|* R ° -49*2°, ! 
and 100 c.c. of aqueous solution saturated at 20° ] 
contains 1-015 grams. When inosine is hydro- j 
lysed by sulphuric acid it yields hypoxanthine ' 
and a pentose, originally termed earnose by ! 
Lovene and Jacobs (Ber. 1909, 42, 2102, 2474). 
and afterwards identified with a-n hose. Inosine 
is closely related to inosic acid (hypoxanthine 
phosphor iboside) (Levene and Jacobs, wid. 1910, 
43, 3147 ; Proc. Amer. Soc. Biol. Chom. 1910, 
25 ; Haiser and Wentzel, Monatsh. 1909, 30, 
147), for by heating a dilute aqueous solution 
of barium inosate at 125°-130° for 0 hours, 
inosine and barium phosphate are formed. The 
relation between the two compounds is probably 
represented by the following formula : 

,,N— O— N 
H H H 0H< || || 

O : P(OH) a O-CH 2 -C— C— C— CH->N— C CH 
I OH OH | 

o CO-NH 

Inosic acid. 

H H H cm p || 

OH-CHj-C — C — C— CH — C CH 

| OH OH I II 

O CO-NH 

Inosine. 

M. A. W. 

CARNITINE C 7 H 15 0 3 N, a base isolated from 
Liebig’s* beef extract and present also in fresh 
beef ; is readily soluble in water yielding an 
alkaline solution; the nitrate crystallises in 
needles and has [a] D about —22° ; the platin- 
cMoride C 14 H 3S 0 8 N 2 ,PtCl 4 forms minute orange- 


red needles, m.p. 214°-2I8° (deoomp.) (Gule- 
witsch and Krimberg, Zeitsch. physiol Chem. 
1905, 45, 326) ; the hydrochloride is hygrosoopio 
and leevo- rotatory. The aurichloride 

C 7 H ie 0 3 NAuCl 4 

forms pale yellow needles and orange needles or 
prisms, m.p. 150° ; the mercurichloride 
C 7 H 15 0 3 N,HCl,6HgCl a 

is an oil that slowly crystallises ; the compound 
C 7 H 1R 0 3 N,2MgCl 2 has m.p. 196°-197° (Krim- 
berg, ibid. 1907, 50, 361). The monoacetyl de- 
rivative of the hydrochloride OAc-C 7 H 1# O a N,HCl 
forms a yellow crystalline platini chloride 
(C 9 H lfl 0 3 N) 2 PtCl e 

m.p. 199° (Engel and, Bor. 1909, 42, 2457). The 
ethyl ester is identical with Kutscher’s oblitine 
(Zeitsch. Nahr. Genussm. 1905, 10, 534), (Krim- 
berg, Zeitsch. physiol. Chem. 1908, 58, 417 ; 
Bor. 1909. 42, 3878 ; Engeland, l.c.). 

Carnitine is identical with Kutscher’s nomine 
(Krimberg, Zeitsch. physiol. Chem. 1908, 55, 
466 ; Engeland, Ber. 1909, 42, 2457), and is 
probably a hydroxy derivative of a betaine, since 
on reduction with hydrogen iodide and red 
phosphorus at 130°, it yields a product identical 
with Willstatter’s y-trimethylbutyrobctaine 



(Ber. 1902, 35, 584; see also Fischer and 
Goddertz, Ber. J910, 43, 3272-3280). Krimberg 
(Zoitsch. physiol. Chem. 1907, 53, 514). Accord- 
ing to Engeland (Ber. 1909, 42, 2457 ; 43, 2705) 
and Rollott (Zeitsch. physiol. Chem. 1910, 69, 
60), carnitine hydrochloride is the chloride of a- 
hydroxy-y-trimethylamino-w-butyric acid 
NMe a Cl-CH a -CH a -CH(OH)-CO I H ; 
the isomeride, /3-hydroxy-trimothylamino butyric 
acid chloride crystallises m needles, gives a 
chloroaurate, m.p. 145°, which decomposes 
225° (Engeland, ibid. 1910, 43, 2705-2707). 
V. Betaines. M. A. W. 

CARNOSINE C 9 H 14 O.N 4 , a base isolated 
from Liebig’s extract of beef (see Smorodinzew, 
Zeitsch. physiol. Chom. 1913, 87, 20 ; ibid. 92, 
19 and 227, for the percentage of camosine found 
in muscle extracts) is soluble in water, crystal- 
lises in rosottes of large colourless needles, 
m p. 246°-250° (deoomp.). It has [<x]d+21 
independently of the concentration (Gulewitsch 
(Zoitsch. physiol. Chem. 1913, 87, 6-11), and has 
a strongly alkaline reaction. The vapours of 
camosine give tho pyrrole reaction with a pine 
splinter, Gulewitsch (ibid. 87, 8) Camosine 
may be precipitated from an aqueous extract of 
muscle by a saturated solution of mercuric 
sulphate in 5 p.c. sulphuric acid ; the precipita- 
tion is accelerated by the addition of two 
volumes of alcohol anti a little ether (Dietrich, 
Zeitsch. physiol. Chem. 1914, 92, 212-213). 
Smorodinzew (ibid. 2l4-£20) recommends ft 
10 p.c. solution of mercuric sulphate in 5 p.c. 
sulphurio acid, solution. Camosine can be 
isolated by precipitation with a oopper salt, 
Mauthner (Monatsh. 34, 883-900). The nitrate 
C 3 H 1B O e Nj crystallises in large stellate clusters 
of needles, m.p. 219° (decomp.), [a]M£&°+22‘2, 
p=*7*603 p.c., c— 7*820 p.c. The rotatory power 
inejea^s slightly on dilution ; it falls to about 
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half its value in presenoe of nitric acid (Gule- 
witsoh, ibid. 1-0) ; the copper derivative 
C 8 H 14 0 4 N 4 Cu 

is crystalline and decomposes at 220°. The 
silver derivative and acyd double salt with silver 
nitrate closely resemble the corresponding 
derivatives of arginine (Gulowitsch and Ami- 
radXibi, Bcr. 1900, 33, 1902). CarnoBine is 
probably identical with Kutscher’s ignowu > 
(Zeitsch. Nahr. Genussm 1905, 10, 528 ; Gulo- 
wit-sch, Zeitsoh. physiol. Chem. 190(1, 50, 204 ; 
51, 258 ; 52, 527). Compare, however, Kutscher 
{ibid. 1907, 50, 445 ; 51, 545). 

When carnosine is hydrolysed by boiling 
with barium hydroxide it yields histidine, the 
other product of hydrolysis being probably 
alanine 

c,h 14 o 8 n 4 +h 2 o=c 8 h 9 o 8 n 8 1 C 3 H 7 O a N 

According to Gulowitsch (Zeitsoh physiol. Chem. 
1911, 73, 434-44(i) three-quarters of the earno- 
sine nitrogen belongs to histidine and the rest to 
)8-alanine. 

That carnosine is /J-alanylhistidme is sltown 
by its synthesia from histidine and 0 mdopro- 
pionyl chloride (Baumann and Ingvaldsen, 
J. liiol. Chem. 1918, 35, 203). This is furthei 
proved by its behaviour towards 2 4 5- trinitro- 
toluene. It has been synthesised by condensing 
/3-nitropropionyl chloride with histidine methyl 
ester and reducing the resulting products Avith 
stannous chloride and hydrochloric acid (Baiger 
andTutm, Bio-CJiom. ,J. 1918, 12,402). 

The carnosine content of flesh extracts may 
be estimated by two colorimetric methods 
which control one anothei ; the one depends 
on the colour yielded by the histidine complex 
in the oarnosmo molecule with diazn benzene - 
sulphonic acid (Weiss and Sobolev, Biochem 
Zeitsch. 1913, 58, 119-129); the other on the 
violet colour yielded by carnosine when boiled 
with cupric hydroxide, Furth and Hryntschak 
(Biochem. Zeitsch. 1914, 04, 172-194). 

M. A. W. 

CARNOTITE, A hydrated vanadate of 
uranium and potassium, occurring abundantly 
as a bright canary-yellow powder disseminated 
in sandstone m western Colorado. C. Friedel 
and E. Cumenge (Compt. rend. 1899, 128, 532), 
by whom it was first described and named (after 
A. Carnot), expressed the composition by the 
formula 2U 2 0 8 , V 2 0 B , K 2 () , 3H 2 (>. Detailed an- 
alyses were made by W. F. Hdlebrand (Amer J. 
Sci. 1900, 10, 120), and ho concluded that the 
mineral is not simple, but a mixture. This view 
is, however, not borne out by T. Crook and G. S. 
Blake (Min. Mag. 1910, 15, 271), who find that 
the material, both from Colorado and from 
South Australia, is definitely crystallised in 
minute plates possessing orthorhombic sym- 
metry and with characters analogous to those of 
autunito [Ca(U0 2 ) 2 l > 2 () 8 ,8H. 2 0|. The original 
material was found by M. and Mmo Curie to 
contain radium and prfionium. 

The camotite-bearing sandstones occur over 
an extensive tract of country on both sides of the 
Colorado-Utah boundary, the richest deposits 
being in the neighbourhood of La Sal Creek, 
Roo Creek, and Paradox Valley, in Montrose Co., 
and in San Miguel and Dolores Cos., in south- 
west Colorado ; other deposits are met with near 
Coal Creek in Rio Blanco Co. and Skull Cijeek in 


Routt Co. north-west Colorado, and at Mauch 
Chunk, Pennsylvania. Most of these deposits 
are in Jurassic (La Plata) sandstone, but some 
of those in the N.W. are in sandstones of 
Cretaceous ago. They have been mined at 
several spots, and a plant for the extraction of 
uranium, radium, and vanadium salts has been 
erected near Cedar in San Miguel Co., Colorado ; 
but the sandstone ore is of a low grade, and the 
difficulties of transport are considerable. An 
average sample of marketed ore assayed 
U 8 O fl 11 -49 p.e. and V 2 0. (5 40 p.c. (R. B. Moore 
and K. L. Kithil, U.S. Bureau of Mines, Bull. 
70, 1913 : C. L. Parsons and others, ibid. Bull. 
104, 1915). 

In Soutli Australia, at Radium Hill, near 
Olary, carnotite occurs in films on the joint- 
planes of a large deposit of ilmemte rutile, and 
magnetite. 

A closely allied mineral, named ferganite 
(I. A. Antipov, 1908 ; Abstr. in Jahrb. Min. 1909, 
li, 38), is a hydrated vanadate of uranium and 
lithium. It occurs, together with other uranium 
minerals, m.prov. Fergana in Russian Turkestan. 

L. J. S. 

CARO’S ACID. Monopersulphuric aeid («. 
Sulphur). 

CAROBS. Specimens of commercial carobs 
are found to possess the following percentage 
composition: water, 9-13; nitrogenous com- 
pounds, 5-7 ; cellulose, 8-12 ; fat, less than 1 ; 
ash, 2 ; sugars (dextrose and sucrose in variable 
proportions), 30-43; phosphoric oxide, 0'1 0— 
0*2 1 (Hal land, J Pharm. Chim. 1904, [0] 19, 569). 

CARONE v. Ketones. 

CARONY BARK v. Cusparta bark. 

CAROTIN. The colouring matter of Dan - 
rus enroll t (Linn.). Found also in the leaves of 
plants to the extent of 0*1 to 0*2 p.c. (Arnaud, 
Compt. rend. 1890, 109, 911) in full vegetation, 
and to a slight extent m etiolated leaves (Im- 
mendorf, Chem. Zentr. 1890, i. 163), and in the 
tomato ; is present m maize, squash, orange-peel, 
flax seed, mustard seed, black sesame seed, 
palm oil, but not in rape seed, white sunflower 
seed, turnip, safflower, cotton seed or turmeric. 
It forms the colouring matter of yellow and 
orange pollen ; the oily drops on the surface of 
the pollen of Verba scum thapsiforma contain not 
less than 6*6 p.c. of carotin ; and in the animal 
kingdom it occurs as the colouring matter of 
milk-fat, hence in butter and the body-fat. 
corpus lutcum and skin secretions of the cow ; 
it constitutes the yellow lipochrome of blood- 
serum and is found in Diaptomus bacillifer 
(Blanchard, Compt. rend. 1890, 110, 292). 
It can also be extracted from stinging-nettle 
leaves with light petroleum (Willstatter and 
Mieg, Annalen, 1907, 355, 1). Carotin crystal- 
lises in copper-coloured leaflets which appear red 
by transmitted light, and have m.p. 167 ‘8°. It 
is insoluble in water, readily soluble in carbon 
disulphide or benzene, sparingly so in alcohol, 
ether, petroleum, or chloroform. Carotin is able 
to decompose carbon dioxide with formation of 
oxygen, and this probably explains why etiolated 
leavos can, under certain conditions, generate 
oxygen (Kohl, Chem. Zentr. 1906, ii. 442). 

Carotin is an unsaturated hydrooarbon 
having the formula C 40 H B4 (Wills t&tter and 
Mieg. l.c.) ; it combines with iodine to form 
the iodide C 40 H rt Ij, which crystallises in rosettes 
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of dark-violet prisms, and decomposes at 
140° -170° ; and the iodide C 40 H #4 I„ which 
forms dark-violet plates and decomposes at 
136°-137°. The bromo- oompound C 40 H, # Br i# 
decomposes at ] 71—1 74° (Willstatter and Escher, 
Zeitsch. physiol. Chem. 1910, 63, 47). Carotin 
dissolves slowly in concentrated sulphuric acid, 
forming an indigo-blue solution from which 
the hydrocarbon is precipitated in green flakes on 
the addition of water ; it absorbs oxygen to the 
extent of 34’3 p.c. of its weight, yielding a colour- 
less substance. When carotin is oxidised 
with a small amount of acetic acid solution of 
chromic anhydride, and the temperature kept 
below 30°-40°, an oil C 40 H 66 () 8 , or C 40 H B0 O h is 
obtained, and this does not solidify at -- 1U4° 
(Euler and Nordenson, Zeitsch. physiol. Chem. 
1908, 56, 223). 

■ Carotin has no appreciable toxic acid ; 
quantities of 0‘2 gram injected into guinea-pigs 
had no effect on the health of the animals. 

CAROUBIN and CAROUBINOSE. Accord- 
ing to Effront (Compt. rend. 1897, 125, 38), the 
seods of Ceraloriia siliqua, used as n cattle food 
in Portugal, contain a eai bohy drate, raronlnn, 
which, when purified, forms a white spongy 
friable mass, giving with water a thick syrup 
or jelly. By hvdrolvsis, it yields Carouhmose 
(C 8 H] 2 0 6 ), which has about the samo reducing 
power as dextrose. Is probably identical with 
mannose (Van Ekenstem, Compt. rend 125, 
197) (v. Cakhoiiy orates). 

CARPAINE C 14 I1 2B 0 2 N occurs in papaw 
leaves (('anca Prrpayi i (Linn.)). It forms 
glancing prisms, rn p. 121°, L<x Ij, 4~ 2 1 0 55', and 
has a bitter taste (Greshoff, 1890, Med. s’Lands 
Plantentum, Java, No. 7, 5; van Rijn, Arcb. 
Pham. 1893, 231, 184 ; 1897,235, 332). Accord, 
ing to Barger (Chem. Soe. Trans. 19 JO, 97, 466) 
it ia a lactone of carpamic acid C 14 H 27 () 2 N, and 
may be written 

Mo 


/ 0II \ /°\ 
OH. OH CO 


CH a ck c 6 h 10 

Vjh^nh/ 

Me 


CARRAGEEN. Carageen , Carragheen , or 
Carragaheen. (Fr. Gasmen.) Irish or Pearl mo##. 
An alga ( Chondrus crispus) found on all the 
western coasts of Europe and on the east coast 
of North America. In Ireland it is collected, 
dried, and bleached in the sun. Found in com- 
merce as flat, dry, yellow-white pieces 2 to 3 
inchos long, usually branching, of a very faint 
odour and mucilaginous taste, swelling in water 
like gelatine. Almost completely soluble m boil- 
ing water ; the solution sets to a jelly on cooling. 
Contains a high percentage of nitrogen, and is 
of value as a food in diseases of lungs and 
general weakness, usually taken dissolved in hot 
milk. It has also been applied as a size and 
for stiffening silk, also occasionally in making 
jellies. 

Sometimes found largely adulterated with 
Qigartina mamillosa, which is less valuable and 
recognised by its stalked fruits and channelled 
stem {v. Alo® and Irish Moss Gum, Art Gums. 
CARRAWAY OIL v. Oils, Essential. 
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CARRIAGE VARNISH v. Varnish. 

CARROT, the tap root of Daucus carota 
(Linn.). Several varieties exist, and the roots 
are employed as cattle food and as a table 
vegetable. Kollner gives as the average com- 
position : • 

Sol. carbo- 

Water Protein Pat hydrates Plbre Ash 

87-0 1-2 0-2 9-3 1-3 1*0 

According to American analyses, the average 
composition of the edible portion, as a table 
vegetable, is : 

Water Protein Fat Sol. carbohydrates Fibre Ash 

88-2 H 0-4 9*2 " H 

The Belgian white carrot is often used for 
the field crop, whilst the red carrot is preferred 
for table purposes. The reddish colouring 
matter of the carrot, carotin, is sometimes 
used m colouring butter and cheese. It has 
the composition G 40 H 6fl , and can be obtained 
by rasping the roots, precipitating the juice 
with load acetate, with which the carotin 
forms a lake. This is dried and extracted with 
carbon disulphide. The solution is evaporated 
to dryness and repeatedly extracted with cold 
petroleum spirit in order to remove the phyto- 
sterols. The residue is then dissolved in carbon 
disulphide, from winch the carotin is precipi- 
tated by tin* addition of alcohol It can then Be 
recrystallised fiom benzene m the form of 
rhombic platoH with a metallic lustre, blue by 
reflected, orange-red by transmitted light. The 
substance which Husemann discovered in the 
carrot and called hydrocarotin is a mixture of 
sitosterol and Rtigmasterol, and consists of the 
same phytosterols as are found in other plants 
( Besehke, Ber. 1914, 47, 1853) (v. Carotin). 

As a farm crop, carrots aro particularly 
valued for horses and dairy Btock. They are 
best grown on light land, free from stones and 
weeds and well tilled. H. I. 

CARROT GUM v. Gums. 

CARVACROL v. Camphors ; also Oils, Es- 
sential 

CARVEOL v. Camphors. 

CARVOLi’. Camphors . also Oils, Essential. 

CARVONE i>. Ketones. 

CASCARA SAGRADA, B.P. ; U.S.P. The 
dried bark of the Iihamnm Purshiana (DC.), a 
small species of thorn tree inhabiting the Pacifio 
slopes of the Rocky Mountains. (For botanical 
characters, sbe Hooker (Flora Bor. Arnef. 43), 
Prescott (Amor. J. Pharm. 1879, 165), Mdller 
(Pharm. J. [3] 14, 467), Moss (ibid. [3] 649, 19).) 
Cascara Bagrada had been long known as a 
cathartic to the Indians and trappers of Cali- 
fornia, when it was later introduced into 
American and European medicine. Its physio- 
logical action is similar to the other and 
better-known lihamnm frangula (Linn.), but the 
Purshiana is the more esteemed. (Cf. Kennedy, 
Amer. J. Pharm. 1885, 49®.) 

Cascara bark has been examined by Prescott 
(ibid. 1879, 16&) ; Limousin (J. Pharm. Chim. 
[5] 6, 80) ; Wenzell (Pharm. Rundsch. 1886, 79) ; 
Meier and Webber (Pharm. J. [3] 18, 804) ; 
Schwahe (Arch. Pha$m. 226, 569) ; Zeig (Pharm. 
J. [3] 20, 173) ; Le Prince (Compt. rend. 115, 
286), Dohme and Engelhardt (Amer. Chem. J. 
20, 534J ; but the statements made regarding it 
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are very conflicting, for a summary of which see 
Jowett (Rep. Amer. Pharm. Assoc. 1904, 1), who 
has also made an exhaustive examination of 
the bark. He has oonfirmed the presenoe of 
emodin together with a small proportion of an 
isomeric Hubstance whi6h may be identical with 
the iso-emodin obtained from lilmmnua fmngula 
by Thorpe and Miller (Chem. Soc. Trans. 61, 6). 
Glucose is also present, and a substance which, 
on treatment with acid, yields syringic acid. 

No evidence was obtained of the existence of 
chrysophamc acid or chrysarobin or of gluco- 
sidoe yielding on hydrolysis emodin, chryso- 
phanic acid, or rhamnetin. The eascarino of 
Lo Prince and the purshianin of I)ohme and 
Engel hardt are probably impure products. 
Emodin is not the active principle of the drug, 
and no clue could be obtained as to the nature 
of this principle. (Compare Nouveaux RemMes, 
1909, 471, whore the active principle is stated to 
be precipitated by lead acetate and ammonia, 
after treatment with lead acetate alone.) It is a 
light yellow powder of bitter taste, probably a 
glucoside. According to Tschirch and Moni- 
kowski (Arch. Pharm. 1912, 250, 92) the patent 
cascara-preparation 4 jieristaltm ’ consists of a 
mixture of glucosides, hydrolysed by steam to 
rhamnose, chrysophamc acid, emodm methyl - 
ether and mscarol C 15 1I 10 C 5 , yellow needles, 
m.p. 218°. Cascara bark contains about 2 p.c. 
of fat and a small proportion of a volatile oil 
The constituents of It. Cahjornica appear to 
differ very little from those of R. Purshiarut. 
For methods for the estimation of the active 
constituents of Cascara sagrada, see Warm (J. 
Pharm. chim. [6] 22, 12), whose colorimetric 
method is approved by Tschirch and Poo 
(Arch. Pharm. 1908, 246, 315). For differential 
tests of Cascara and Rhimtms framjula, see. 
Kroeber (Schweiz. Woch. Chem. Pharm. 1910, 
48, 377) ; Beal and Okev (J. Amer. Chem. Soc. 
1917, 39, 716). For standards for the evaluation 
of liquid extracts of Casacara and Rh. franguia, 
see Apot. Zeit. 1913, 39, 579). G. B. 

CASCARILLA BARK, CascanlUi (B.P.). 
The bark of Croton Eluiena ( Bonn), or ‘ seaside 
balsam,’ a euphorbiaceous tree growing in the 
West Indies. 

Duval obtained from it a substance, casco- 
rilliw C xt H 18 () 4 , m.p. 205°, which Alcssandri 
(Arch. Pharm. 220, 690) also isolated by extract- 
ing the bark with oxalic acid and precipitating 
the extract with ammonia. This substance dis- 
solves in hydrochloric acid, producing a rose- 
coloured solution, which changes through pur- 
plish-red, violet, and green to a sky-blue without 
the addition of water. The drug also contains 
betaine (Naylor, Pharm. J. 59,279), and 1 5 p.c. 
of an essential oil {g.v.). G. B. 

CASCARILLA OIL v. Oils, Essential. 

CASEIN. Casein occurs m the milk of 
mammals, and is the principal protein of cow’s 
milk, whioh, up to the present, is its only 
commercial source. View’s milk contains, on an 
average, about 3 p.c. of casein, which exists in a 
suspended or colloidal condition, probably as a 
lime compound in combination with calcium 
phosphate, giving the milk its opaque appear- 
ance. This can easily be*proved by allowing 
the milk to pass through a' 1 filter of unglazed 
poroelain, when a white mass of casein and fat 
will be found on the surface of the filter, ,and the 


filtrate wilk contain the laotose, soluble albumen, 
and soluble salts of milk. 

Preparation of pure casein. Separated milk 
is diluted to about fivo times its volume with 
water and sufficient acetio acid added to give 
0T p.c. of acid in the solution. The casein is 
precipitated, carrying down with it the fat. The 
curd is washed about ten times by decantation, 
collected on a cloth filter, washed, and pressed 
as dry as possible. It is then dissolved in the 
least quantity of ammonia, and filtered. The 
filtrato is precipitated with acetic acid, washed, 
and redissolvod in ammonia. This process is 
repeated three or four times. The curd is then 
rubbed up in a mortar several times with 80 p.c. 
alcohol, and finally with absolute alcohol. It is 
next similarly treated with ether, and extracted 
with ether in a Soxhlet apparatus, and the 
casein finally dried at 100°C. 

Properties — Thus prepared, casein is a white, 
amorphous body without taste or smell. It is 
very sparingly soluble in water, and quite in- 
soluble in alcohol and ether. Its most probable 
percentage composition iB : C, 53 T 3 ; II , 7*06 : 

N, 15-78; P, 0-86; O, 22 40 ; S, 0-77. 

Casein is a phospho-protein. Its molecular 
weight is stated to be about 1135. It is a weak 
dibasic acid, forming acid and noutral salts with 
alkalis. In dilute alkaline solutions, it has a 
laevo-rotatory action on polarised light. At the 
ordinary temperature, 1 gram of casein com- 
bines with 9 c.c. of N/10 hydrates or carbonates of 
alkalis, and with nearly 7 c.c. decinormal solu- 
tions of common acids. It is soluble m caustic 
alkalis, and in the carbonates, bicarbonates, 
phosphates, &c., of the alkali metals, and is 
precipitated unchanged by addition of sufficient 
acid to neutralise the alkali. 

Casein is soluble m strong hydrochloric acid, 
giving a fine violet colour, and is also soluble in 
dilute hydrochloric acid containing 0*2 p.c. of 
the fuming acid, but is insoluble in 2 or 3 p.c. 
acid. 

Preparation of industrial casein. There are 
many methods of preparing casein, but on the 
largo scale these are generally limited to three : 

(1) Precipitation by means of acid — usually 
sulphuric, though acetic, phosphoric, lactic, 
hydrochloric, &c., are also employed. 

(2) Curdling by means of rennet. 

(3) Curdling by ‘ self-souring.’ 

A very interesting method of preparation is 
by means of electricity, but so far this does not 
seem to have progressed beyond the laboratory 
stage. Tho method, however, will be described 
later. Whichever method be employed, the 
first essential is a machine-separated milk, con- 
taining the smallest possible quantity of fat. 
Milk taken from cows shortly aitor calving, and 
containing colostrum, is unsuited for casein 
manufacture. It gives a Boft curd which 
squeezes through the filter cloths, and holds a 
great deal of water. It has sometimes been 
found necessary to throw away a whole batch 
as the curd has been quite unworkable. 

AIbo, if the milk has been pasteurised at such 
a high temperature that some of the lact-albu- 
min bocomes insoluble, the curd will give a great 
deal of trouble. 

The milk from the separators is run into a 
tank of suitable dimensions, and brought to the 
required tempersfture by means of steam. 
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Precipitation by sulphuric acid.— The requi- 
site quantity of sulphurio acid, previously 
diluted with water in a wooden or enamelled 
iron bucket, is then introduced, and the whole 
well agitated, when the milk will gradually lose 
its opaque appoarance and become clear with 
separation of the curd. As soon as the whey is 
yellow and transparent, the agitation is stopped, 
and the curd falls to the bottom of the tank. 
The whey is run ofi, the curd allowed to drain 
and washed with cold water until all the whey 
has boen separated. The bulk of the water is 
then removed by means of a suitable press or 
by a centrifugal machine. 

Curdling with rennet. — The amount of rennet 
required depends upon the acidity of the milk 
and the temperature. The more acid the milk 
and the nearer the temperature approaches 
106° F., the loss is the rennet required. At 
IIS'S 0 ! 1 , and at 8G°F., tho curdling power of 
rennet is only about 70 p.c. of that at 106°F. 

If the acidity of the milk be 15°, about 2h oz. 
rennet should curdlo 100 gallons of milk m about 
\ hour. 1 When the acidity roaches 30°, half this 
quantity will suffice. The requisite quantity of 
rennet is diluted with water and thoroughly 
stirred into the milk at a temperature of about 
10G°F. The milk is then allowed to rest until 
it has ‘ set * liko a junket. The mass is cut up 
into small cubes by special knives, and then 
agitated gently at first, and afterwards vigo- 
rously while being very slowly heated up to 
about 1 20° F. by moans ot free steam or a steam- 
jacket. The curd will then be in hard grains or 
nodules at the bottom of the tank. The whey 
is rapidly run off, tho curd washed well with cold 
water, and pressed. 

Curdling hy ‘ self -souring' — When milk is 
exposed to the air, it becomes acid. This change 
is effected by the Bacillus acuh lactici, which 
converts the lactose into lactic acid. When 
sufficient acid has been formed, the curd sepa- 
rates from the whey. On the large scale, the 
separated milk is run into a tank, the temperature 
brought to and maintained at about 98°F., at 
which point the growth of the bacilli is most 
rapid. After some hours, according to the 
freshness of the milk, a sour smell will be 
noticed and the milk wilt begin to curdle. When 
the right point has been reached, steam is turned 
on and the mass agitated in order to make the 
curd firm, and in a suitable condition for washing 
and pressing. The whey is thon run off and the 
curd finished in the usual manner. 

Drying of the curd. — When as much moisture 
as possible has been removed from the curd, it 
is broken up and dried. This may be effected 
either by spreading on trays in heated drying- 
rooms fitted with ventilating appliances to 
facilitate the removal of the moisture, or in a 
drying cylinder heated from inside or outside or 
both, and rotated to keep the contents in 
constant motion. Another method of drying 
the curd is by means of a Passburg vacuum 
drier, consisting of a cast or wrought-iron case, 
which can be hermetically closed by doors. A 
vacuum is produced by an air pump, and the 
moistffre is vapourised at a low temperature so 
that drying is soon effected, 

1 The ‘ degree of acidity ' of milk Is the number of 
o,o, of $ 1 10-NftOH sol. required to neutralise the acid 
In 100 0.0. 


Whatever process be adopted, the tempera- 
ture must be carefully watohed, as a few degrees 
too much heat will * bum ’ the oasein to a rioh 
brown colour, and if the temperature be too 
low the curd will take a long time to dry, and 
may become sour and mouldy. 

The dry casein is then ground to a fine 
powder, when it is ready for the market. 

Curdling by elcctnf'ity. — Although this pro- 
cess is so far not a commercial one, it is sufficiently 
interesting to warrant a short description. The 
milk is heated to 120°F., and a porous cell, 
con taming dilute milk, is placed in the centre. 
A current of electricity of sufficient tension is 
passed, and tho soluble elements, the phos- 
phates in particular, are decomposed. The 
anode is placed m tho milk and the cathode in 
the porous cell. Phosphoric acid is then 
liberated in the milk, and causes the precipita- 
tion of the casein, while the liquid m the porous 
cell becomes strongly alkaline. The chief 
difficulty lies in the choice of electrodes — the 
cathode in the porous cell can be carbon, but 
the anode must be of platinum, which makes the 
original cost very hoavy. Any of the oommon 
metals are attacked in a very short time, and 
carbon throws off small particles which cause 
the precipitated curd to become black. It is, 
of course, possible to have both electrodes of 
carbon in porous cells, but it is found that the 
curd soon fills up the pores and the action 
becomes very slow. 

Properties. — Industrial casein, prepared with 
sulphuric acid, will dissolvo in the following 
quantities of alkalis or alkaline salts, though 
larger quantities arc always used in the various 


Sodium bicarbonate 

Per cent. 

. 3} 

Sodium carbonato 

• H 

Sodium hydroxide 

• If 

Sodium silicate 1 4(>°Tw. 

. 10 

Sodium arsenate . 

. 20 

Sodium sulphite . 

. 9 

Strontium hydrate 

. 20 

Trisodium phosphate . 

. 8 

Ammonia, '880 . 

- H 

Sodium tungstate 

. m 

Borax , 

. 9{ 


Solutions of the hydroxides of potassium, 
sodium, lithium, and ammonium of equal con- 
centration, dissolve casern at approximately the 
same rate* . Solutions of. the hydroxides of the 
alkaline earths dissolve casein much more 
slowly ; strontium hydroxide dissolves it most 
rapidly, calcium hydroxide more slowly, and 
barium hydroxide more slowly still. 

Rennet casein is insoluble in carbonate and 
bicarbonate of soda, partly soluble in borax and 
ammonia, and soluble in trisodium phosphate 
and lime. 

Its solution in alkalis does not coagulate on 
heating, but is precipitated by aoids and many 
metallio salts. When acted on by formaldehyde 
and certain other bodies, casein is rendered 
insoluble. Advantage is taken of this faot in 
various industries to give a waterproof coating 
of casein, 

Pure oasein contains only a very small 
amount of ash, *but industrial casein may con- 
tain up to about 7 p.c. or 8 p.c.— rennet-prepared 
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casein containing the most, and ‘ self- soured ’ 
casein the least. 

For the analysis of commercial casein v. 
Hopfner and Burmeister, Chom. Zoit. 1912, 
36, 10f>3 ; Analyst, 1912, 493. 

Uses Of Casein. Casein is employed m a 
largo number of industries, and its use is in- 
creasing every year, m fact, there are but few 
industries in Which casein, in some shape or 
form, is not or cannot be employed with 
advantage. 

The greater quantity of imported casein 
comes from thy Argentine. Large quantities 
also are received from France and Germany, and 
smaller quantities from Holland, Belgium, and 
the United States. 

Casein is used in paste and dry distempers ; 
in cardboard manufacture, paper glazing, 
leather dressing, soap manufacture, cotton 
sizing, dressing for textiles, iimshmg, water- 
roofing, calico printing, cask glazing , imitation 
one, ivory, tortoiseshell, amber, ebony, &e. ; 
picture mouldings, sealing for bottles, cabinet 
and pianoforte making, emulsions, fining wines, 
boot polishes, waterproof cements, polishes, 
films, diabetic and protein foods. 

Alimentary casein. Some of the best- 
known food preparations of casein aie : 

Plasm, on . — This is a cream-coloured powder, 
somewhat coarso m texture. It is a soda com- 
pound of casein, and is partially soluble in water. 
It contains nearly 2 p.e. of lactose (milk-sugarl 
and about 70 p.e. of proteins. 

Sanagen . — A fine white powder, completely 
soluble in water. It is a compound of casein 
with about 5 p.e. of sodium glycerophosphate 
made by a special process. Jt contains about 
76-78 p.e. proteins, and is practically free from 
lactose, and so is specially recommended for 
diabetic patients. 

Sanahxjen . — A white powder soluble in 
wator. It consists of casern with about 5 p.e. 
of sodium glycerophosphate, and is free from 
fat and lactose. 

Dr. Reigel's milk protein . — A soda compound 
of casein, soluble m water. According to the 
patent specification, the curd is precipitated 
trom the milk by means of ethyl-sulphuric acid. 

Eiuusein . — A casein -ammonia compound, 
solublo in water. 

Nutrose . — A soda compound of casein. 

Casein solids. Galahth . — Insoluble casein, 
treated with formaldehyde and subjected to 
heavy pressure, gives plates of grout hardness, 
and by blending pigments witli the casein, 
imitations of bone, ivory, ebonite, &c., are 
obtained. Tho products are known as Gulaliih 
(from the Greek gala,, milk, and hlhos , stone). 
It is prepared from a specially pure casein, 
precipitated by rennet, from sweet milk freed 
from fat by centrifuging. The curd is drainod 
and dried, forming lumps 8-12 mm. thick. 
These are ground to a gritty meal, which is 
moistened with water, coloured as required, 
worked up by steel helices to a plastic mass, 
which is then hot-pressed in hydraulic presses. 
The pressed oake is hardened in a solution of 
formaldehyde, the length of treatment varying 
from 2 to 30 weeks, according to the thickness 
of the articles, whereby the casein acquires the 
qualities of horn (Bonwitt, Zeitsch. angew. 
Chem. 1914, 27, 2). The following articles are 


made fron* galahth : brush-backs, combs, cigar 
and cigarette lioldors, penholders, electrical 
fittings, umbrella and stick handles, buttons, 
dominoes, &c. Being uninflammable, casein 
possesses great advantages over celluloid. It is 
a bad conductor of electricity, and is therefore 
suitable for electrical fittings. A plate of 
galahth ^ inch thick, is impervious to a current 
of 16,000 volts. The sp.gr. is 1 317- 1*36 
(celluloid J-34-1‘40). The hardness is 25 
(celluloid 2). It resists oily liquids and acids, but 
is swelled by alkaline liquids. Its chief drawback 
is its hygroscopic nature ; it absorbs 30 p.e. of 
its weight in 12 days. It is not elastic like 
celluloid, and breaks when slightly bent. On 
account of its tendency to flake it cannot be 
worked so well as celluloid, and sheets cannot 
be prepared less than 2 mm. in thickness 
(Bonwitt, l.c.). 

Lactoform.- This is a patented preparation 
of casein resembling horn, giving, according to 
the specification, a hard and tough article which 
does not syvell or materially soften when im- 
mersed in water. It is prepared by adding 
various salts to solutions of casein ; thus, by 
adding a solution of lead acetate to a solution of 
casein, a coagulum is produced from which 
lactoform, resembling horn, may be obtained, 
while to manufacture a substitute for lvoiy, 
carbonate of soda is added to the casein solution 
and precipitated by sugar of lead, thus forming 
carbonate of lead m the mass obtained. By tho 
use of chromium compounds, bluish -green, also 
yellow and orange lactoform, is obtainable ; by 
the action of iron, rust-coloured, and in com- 
bination with tannic acid, slate and black- 
coloured, lactoform rimy be produced. These 
are merely intermediate products, and are not 
claimed as a new invention, but are converted 
into lactoform by treatment with formaldehyde. 

For glues and sizes, casein is dissolved in 
borax, soda, or ammonia, and the resulting 
coating may afterwards be rendered msoluble 
by formaldehyde, or the casern may be dis- 
solved in lime, which will give a waterproof 
coating when dry. 

Film s’. — Schmidt has patented a procoss for 
making casein films as follows : 100 grams of 
casein are dissolved by heating in 1 litre of water 
containing 8 grams of 25 p.e. hydrochloric acid : 
10 grams of 40 p.o, formaldehyde and a small 
quantity of glycerol are added, and the solu- 
tion poured on glass plates to dry. He states 
that films mado from alkaline solutions of 
casein are not impermeable to moisture. 

Schmidt patents the following process : 
100 grams of casein and 1*5 grams caustic soda 
are dissolved m 1 litre of water, to which are 
added about 15 grams of a 40 p.e. solution of 
formaldehyde ; or 100 grams of casein and 10 e.o. 
of a 10 p.e. solution of ammonia are dissolved in 
2 litres of water, to which are added about 
30 grams of a 40 p.e. solution of formaldehyde. 
Father of these he states, gives insoluble films 
on drying, which may be used for photography, 
surgical bandages, paper-coating, &c. 

Buss, in his patent for photographic films, 
proceeds as follows: 500 to 700 grams dry 
casein are heated with 9 litres of water to 35° 
or 60°, mixed with 250 grams of citrio acid dis- 
solved in 1 litre of water, and the heating con 
tinued until the .wljole has dissolved. Then 100 
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or 200 grams of glyoerol are added, and the 
liquid filtered It is applied by machine to 
plain or baryta paper, and allowed to dry. It is 
next rendered insoluble by being drawn through 
a 5 or 7 p.c. solution ot ammonium or sodium 
chloride, and finally sensitised in a silver nitrate 
bath, ranging between 4 and 12 p.c. in strength. 

Sealim/ for bottler . — For this purpose, Joirgnot 
has patented the following preparation : Casein 
is treated with a hot aqueous solution of sodium 
phosphate, ammonium fluoride and glycerol, 
the whole being then heated in the water bath 
until it is homogeneous and viscous. This 
product is employed for sealing bottles of metal, 
glass, porcelain, &o., by applying it m a warm 
state to the edge of the vessel or cover, and then 
treating it with formaldehyde. 

Fining of wines. — For this purpose, a readily 
soluble sodium compound of casein is used. It 
is dissolved in 10 or 20 parts of water, the 5 p.e. 
solution effecting a somewhat slower though 
more complete clarification. The casein com- 
pound has the advantage that it is very much 
cheaper than albumen, and is free from all 
flavour sucli as is found m even the purest 
gelatin. Moreover, if in fining wines with wlnto 
of egg, albumin or gelatin, too large an excess m 
proportion to the tannin be used, this excess 
remains in solution, and may lead to turbidity 
and alteration in the wine ; whereas the casein, 
even when added in considerable excess, is com- 
pletely eliminated, being coagulated by the acid 
in the wine. 

Casein water -pa mis. — Casein in line powder 
is intimately mixed with Hilled slaked lime and 
incorporated with the pigments The propor- 
tion of lime to casein is very important : if too 
little lime be used, the mixture will, after a short 
time, especially if exposed to air, become in- 
soluble m water ; and if too much lime be used, 
adverse results will follow. The brushes will be 
rotted and the paint will be liable to flake off. 
The next matter of importance is the proportion 
of lime and casein to be incorporated with the 
pigment. If too little be used, the paint will 
dust off and will not stand washing ; and if too 
much be used, tho coating will be bnttlo and 
flako off. 

In selecting the pigments, it is necessary to 
employ only those which are unaffected by lime 
The most suitable are : 

For White. Whiting, China clay, zinc oxide. 

„ Yellow. Ochre, Hansa yellow, naphthol 
yellow, chrome yellow. 

„ Brown. Umber, sienna. 

,, Black. Carbon blacks. 

„ Red. Oxides, lithol red, 

,, Blue. Ultramarine. 

,, Green. Green earth, ultramarine green, 
lime green. 

The ingredients must be thoroughly in- 
corporated and kept in air-tight packages. The 
paint is prepared by mixing the powder with 
cold water, and is ready for use in a few minutes. 
When thoroughly dry, the surface is washable. 

L. M. N. 

CASHEW GUM v. Gums. 

CASIMIROINE C„H 14 0 8 N # (0Me) a , m.p. 
196M97 0 , and casimlroedine C a7 H a i0 8 N a , m.p. 
222°-223°, occur in minute amount in the seeds of 
Casimiroa rdulis (La Uave et Lejarza) r reputed 


Mexican drug. The alkaloids are physiologically 
inert (Power and Callan, Chem. Soc. Trans, 1911, 
99, 1993, who give other references). 

CASSAVA. Tho root of Manihot palmaia 
(Muell.), ‘ sweet cassava ; ’ or of Manihot utilie- 
sima (Pohl), ‘ bitter cassava.’ These plants aro 
widely cultivated in the tropics for the sake of 
their starchy edible rootH. From them the 
substance tapioca is prepared. The starch is 
also known as mandioc starch, Brazilian, 
Bahia, Rio or Para arrowroot, and by other 
names. 

The grains of starch are grouped in twos, 
threes, oi fours ; the separate grains have usually 
one or two flat surfaces, but, on the whole, are 
rounded and show delicate concentric striations 
and a distinct hilum. 

Cassava root contains a volatile poisonous 
substance (Ferimn, 1704), which proved to be 
hydrocyanic acid (Boutron-Charlard, 1836, and 
Francis, Analyst, 1878, 2, 4). The latter 
observer found 0-0168 p.c. of prussic acid in 
sweet cassava root and 0-0275 p.e. in the bitter 
root. He found 59-4 p.c. and 61 '4 p.e. water 
in the roots, and about 30 p.c. of starch. 

Collens (Bull. Dept, of Agnc. Trinidad and 
Tobago, 1915, 14, 54) found that the freshly-dug 
roots of the sweet and bitter varieties contain 
0-0048 p e. and 0*053 p.c. of hydrocyanic aoid 
respectively ; the leaves 0-0162 p.e. and 
0 041 p e , and the peelings of the stems 0-043 p.c. 
und 0-113 p.e. respectively. 

LeuHcher (Zeitseh. olfentl. ('hem. 1902, 8, 
10), as the mean of six analyses of the fresh root, 
found : 

Water Protein Fat Starch Sugar Crude fibre Ash 
70-25 1*12 0 41 21-44 5-13 Ml 0 54 

He states that the yield, on well-irrigated land, 
may amount to 15 or 10 tons per acre. 

Tapioca is made from the starch of cassava 
by stirring the damp product on a hot iron plate 
until it agglomerates into the irregular, spherical 
masses familiar as tapioca. By this treatment, 
many of the starch grams become changed, 
being converted into shapeless, translucent 
masses. 

A< cording to American analyses (Wiley, Bull. 
13, U.S. Dept, of Agric. Div. of Chem. 1898), 
tapioca contains - 

Water Protein Fat Carbohydrates Fibre Ash 

11-23 0-37 * 0 03 88-16 0T2 0-09 

Owing to the exceptionally low Remands of 
cassava for mineral matter, it has been recom- 
mended as a crop particularly well adapted for 
cultivation on poor sandy sods, as it feeds very 
largely upon air and water (Ewell and Wiley, 
Amor. Chem. J. 1893, J5, 285). H. I. 

CASSEL EARTH or VANDYKE BROWN v. 
Pigments. 

CASSEL YELLOW. Lead oxychloride. A 
pigment also known as Turner's Yellow, Mont- 
pelier Yellow , Mineral Yellow, and Patent Yellow. 

CASSELMAN’S GREEN. A pigment made 
by mixing boiling solutions of copper sulphate 
and an alkaline acetate. 

CASSIA. Th'e bark of Cinnamomum cassia 
(Blume), a tree belonging to the order Lawaccce 
or true laurels. It isjgrown in China, Java, &c. 
C. cassia furnishes a bark which is much like 
cinnamon [0. zeylhnicum (Nees)], but thicker, 
ooarser, stronger, less delicate in flavour, and 
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cheaper ; hence it is frequently used to adul- Gf^stals are, however, not very oommon r the 
terate cinnamon. The bark is stripped off the mineral being more frequently found as dis- 
branches, when it rolls up in the form of quills, seminated grains and water-worn pebbles. 
It is said to be preferred to cinnamon itself by Grains of cassiterite in a concentrate panned 
some chocolate makers on account of its stronger from a river sand may be readily detected by a 
flavour. The unopened flower-buds are also sold very simple characteristic test. Whon placed 
under the name of 4 cassia-buds,’ and possess on a zinc plate, or in a basin with fragments of 
similar properties to the bark. Other species of zinc, and dilute hydrochloric acid poured over, 
the genus afford aromatic barks, e g. C. cuh - any grains of tin-stone soon show a shining white 
lawan (Blume), native of Malaya and China, the coatmg of metallic tin. Veins of tin ore usually 
bark of winch has a flavour of cloves ; G. occur at the junction of gramtic masses and 
tamala (Nees), which occurs in sub-llimalayan slates, and the ore also impregnates the rocks 
India as far as Burma, and provides a bark that bordering the vems. Such ores arc known as 
is used as a substitute for or adulterant of true vein-tin, to distinguish them from the stream-tin 
cmnamon : C. Burmanni ( Blume) is the source of alluvial deposits. A compact variety with a 
of the bark oxported from Sumatra. The bark radially fibrous and concentric structure and 
known as dove-cassia is obtamod from Jhcy sometimes a botryoidal surface is known as 
pellium caryophyllalum (Necs), winch is also a wood-tm. The ore as prepared for market is 
tree of the laurel family growing m Biazil. known as black-tin, and m South America as 

The employment of cassia as a sophisticant barilla. The principal tm-producing countries 
of the more esteemed and more costly bark of arc the Federated Malay States, the islands of 
cinnamon when in the ground state may usually Banka and Billiton in the .Dutch East indies, 
be detected by adding tincture of iodine to a Siam, China, Australia (Queensland, New South 
decoction of the powder ; whon, since cassia Wales, Western Australia), Tasmania, Bolivia, 
contains more starch than cmnamon, the Cornwall, and more recently South Africa 
substance will turn blue ; but, where inferior (Transvaal and Swaziland), and Northern 
qualities of the true cinnamon have been Nigena. The production of tin ore amounts to 
examined, their constitution has approached about 100,000 tons per annum. J. L. S. 
that of the coarser bark of cassia, and this test CASSIUS, PURPLE OF, v. Cold. 

has proved uncertain (cf. O. Hehner. Analyst, CASTILE SOAP v. Son*. 

1879, 225-228). ’ CASTOR or CASTOREUM. ( lhbergcil , Ger.) 

Cassia bark is thicker, redder, stronger to the A name given to a secretion of the beaver (Castor 
taste than cmnamon. The powder under the fiber), contained in pear-shaped cellular sacs 
microscope exhibits a general resemblance to (found near tho genital organs of the male and 
cinnamon, but it will be seen that cassia differs female animal), which are cut off and dried, to 
from cinnamon in its coarser structure, and prevent the skin buing affected by water. It is 
especially m tho greater size and number of its a substance analogous to civet and musk, and is 
starch corpuscles. of the consistency of thick honey and unctuous 

Cassia yields by distillation an essential oil to the touch. The interior substance is solid, of 
largely used in perfumery, especially for produc- a dark-brown or black colour, it has a faint 
ing the scent in brown Windsoi soap (?\ Oils, smell, softens when heated, but becomes brittle 
Essential). when cold. When chewed, it sticks to tho teeth 

CASSIA OIL v. Oils, Essential. like wax. It has a bitter acrid taste, and a 

CASSIA TOR A (Linn.) or TAGEREY-VEREY. foetid, penetrating smell. Its fraeturo is shm- 
This plant produces grams known in the East mg, and when the substance is genuine it shows 
Indies, Arauia, and Japan as Tout, but which frugments of membrane indicating orgamo 
aro known in Pondicherry and other parts of structure. 

Hindostan as Tagerey-verey. It is regularly used Three varieties are said to exist, the Russian^ 
as a component of the indigo vat in dyeing. Bavarian, and American or Canadian, the first- 
apparently serving the same purpose as the named variety containing about 2 p.c. of the 
bran-madder or molasses used in Europe. volatile oil, while the last contains only I p.c. 

The native dyers use the Tagerey-verey in the Wohler obtained phenic and benzoic acids 
following manner. To dye about 200 yards of and saheine from it. Lehmann found bilo in a 
cloth, 11| lbs. of the gram are steeped in from fresh sample together with alkaline urates, 
5 to 6 gallons of cold water, and then boiled sebates, and an albuminoid substance. Laugier, 
for four hours. The grains are swollen and Brandes, Batka, Bouillon Lagrange, and Hude- 
softened by this treatment, and the water brant have also exammed it. By extracting it 
becomes thiok and gummy. The whole of this with six times its weight of alcohol a colourless 
is added to the indigo vat, and after standing substance, cast or m, has been isolated. Used in 
for fifteen hours, the vat is ready to dye. medicine and perfumery. 

CASSITERITE or TIN-STONE, Native tin CASTOR OIL is obtained from the seeds of 
oxide, SnOj, containing 78-ff p.c. of tin, and Ricmus communis (Linn.) and R. sanguineus. 
practically the only ore of the metal. It varies The former plant appears to be indigenous to 
much in appearance — the colour ranges from Africa (Egypt), but has been transplanted to 
white to blaok, being usually dark brown— and India at a very early stage of history, so that 
its most characteristic feature^ is its high sp.gr. some writers consider the plant indigenous to 
of 6-8-7 T ; hardness, 6-7, easily scratching India itself. The plant grows in enormous 
glass. Crystals are tetragonal, with very cha- quantities in all tropical and sub-tropical 
racteristie knee-shaped levins ; their faces are countries, and is even found wild to day in 
often very ’brilliant with an adamantine luBtre. South Amerioa, notably in Paraguay and the 
There iB an absenoe of cleavage ; and this readily Argentine. 

helps to distinguish the mineral from blende. The most important sources of castor seed 
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are East India, Java, the Mediterranean oo0& 
tries, Mexico, and the United States of *A meric®, 
whilst the cultivation of the plant has of recefft 
years been developed in the Egyptian Sudan, 
Fiji, and the East African Protectorate. 

In 1913 the imports of castor seeds into 
Marseilles amounted to 25,157 tons, as compared 
with 16,588 tons in 1912, and 11,009 tons in 
1911 (Diploin. and Consular Reports, No. 5377 
of 1914). By far the largest producer is East 
y India. 

The total imports of castor oil into this 
oountry in 1916 wero 1,322,000 gallons; m 
1917 they were about 2,000,000 gallons. The 
imports of castor seed in 1917 were 45,000 tons, 
the bulk of which went to Hull, and yielded 
4,176,000 gallons of oil, the greater part of which 
was used for aircraft engine lubrication (,J. Soc. 
Chern. lnd. 1919, 20 It.). 

The seeds consist of 20 p.e. of husks, which 
are rich in mineral matter, but contain no oil, 
and 80 p.e. of kernels,, forming a white, softish 
mass. 'Phe whole seeds contain a toxic principle 
— ‘ ncine or nomine. The kernels contain a 
powerful fat hydrolysing enzyme, which can be 
made use of oti a manufacturing scale for 
hydrolysing oils and fats for soap -making pur- 
post's. 

The enzymes lipase and esterase can be ex- 
tracted from castor beans by means of ether 
(Falk and Suguira, J. Amor. Chern. Soc. 1915, 
37, 247). The lipase is capable oi hydrolysing 
oils at temperatures as low as —5°, a fact which 
has an important bearing on the question of 
the enzymic hydrolysis oi tats in food preserved 
in cold storage (Blanehct, Oompt. rend. 1914, 
158, 895). It is reversible in its action, and is 
capable of forming mono- di- and triolein from 
an emulsion of oleic acid and glycerol (Krausz, 
Zeitsch. angew. Chern 191 1, 21, 829) 

The seeds contain 4b to 53 p.e of oil. The 
oil is produced on a largo scale either by expul- 
sion or extraction. For the production oi best 
quality oil — for medicinal purposes — the seeds 
are decorticated before being expressed. The 
pross-cuke is subjected to a second and third 
expression, but the oils so obtained are unfit for 
medicinal use, and are employed for technical 
purposes (soap-making, Turkey-red oil, and 
lubricating oils). The cakes retain the poisonous 
alkaloid, and are therefore unfit for feeding 
purposes. Although it is stated that by waslimg 
the cakes with 6 or 7 times their amount of a 
10 p.e. sodium chloride solution, they can be 
freed from the alkaloid, no castor cake is actually 
used for feeding cattle, but applied exclusively 
to manuring the land. The extracted oil is only 
used for technical purposes. 

Another method of removing the toxic 
principle is to grind the seeds with water into a 
thin paste, which is then poured into boiling 
water. This coagulates the proteins, and the 
solid matter when strained off and expressed 
leaves a meal with the following composition : 
Water, 9‘2 ; ash, 7 3 ; oil, 2 - 6 ; proteins, 71’7 ; 
crude fibre, 50 ; and carbohydrates, 4 - 2 p.e. 
f Indian Trade J. 1908, 9, 309 ; 1909, 11, 273). 

A simnje physiological method of detecting 
castor seed in other seeds is described by Lander 
and Qeake (Analyst, 1914, 39, 292). 

Crude castor oil is refined by steaming the 
oil, whereby the albuminous substances are 
Vol. IJ T. 
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^coagulated, so that they can be removed by 
filtering. 

Castor oil is a colourless or pale-greenish oil, 
having a taste at first mild, then harsh ; this 
harsh taste is more pronounced in American 
than in Italian or French^oila. The oil differs 
from all other fatty oils by its high specifio 
gravity, viz. up to 0’968. Contrary to older 
statements, the oil does not dry, even when 
exposed to the atmosphere m thin layers. It 
has the following analytical characters : Sp.gr. 
0 959-0 '968 ; solidification point, — 1 7° to — 18° ; 
iodine value', 84-86; Reichert-Meissl value, 
2 2’5 ; saponification valuo, 175 183 ; acetyl 
value, 150, and mp of fatty acids, 13°. 

Castor oil is strongly dextro-rotatory ; the 
optical activity is due to the presence of ricin- 
olcic acid. 

The chief constituent of castor oil is the 
triglyceride of riemoleic acid, both isomerides 
rieinoleic and iwiicinoleie acid being comprised 
under this term ; in addition thereto, castor oil 
contains a small proportion of glycerides of a 
natural dihydroxysteano acid and of stearic 
acid Pal nut in and olein arc absent. 

( hving to the presence of tnnoinoleln, castor 
oil is distinguished from all other fatty oils by 
its high ‘ acetyl valuo ’ ( w above and Oils and 
Fats). Castor oil further differs from all other 
fatty oils by its icndy miscibility with absolute 
alcohol anil glacial acetic acid, as also by its 
insolubility in large quantities of light petroleum, 
kerosene, and high-boiling paraffin oils. The 
oil gives a homogeneous solution with an equal 
measure of light petroleum, or one volume and 
a halt of kerosene or paraffin oil ; if more of the 
solvents is used, the excess will float on the top 
of the mixture. If castor cal be mixed with a 
small quantity of another fatty oil, this cha- 
racteristic insolubility in petroleum distillates is 
lost. 

On subjecting castor oil to destructive dis- 
tillation (as in the preparation of ‘ cognac oil ’), 
undecyk'me acid anil conanthaldehyde distil 
over, whilst the residue solidifies to a very 
bulky, spongy, mdiarubber-liko mass, for which 
a solvent has not yet been found. This residue 
appears to consist of the anhydride of triun- 
decenoie acid. By hoatmg castor oil for 10 
hours at a temperature of 260°-300° under a 
pressure of 4-0 atmospheres, the oil becomes 
miscible with mineral oils. 

When heated at 150°-250°, and then 
neutralised witlv alkali, oastor oil yields soaps 
which ore soluble ui hydrocarbons, &c. If, after 
heating, *tho*oil is sulphonated before neutralisa- 
tion/a substitute for Turkey-red oil is obtained, 
whilst ’evaporation of the“p r odu c t^leaves a soap 
which does not readily form insoluble Boaps with 
calcium and magnesium salts (Blumer, 1). R. P. 
227993, 1907 ; see also Eng. Pat. 24868, 1897). 

Owing to its viscous character castor oil is 
particularly suitable for lubricating internal 
combustion engines, and is no^v largely used for 
aviation motors. Oil for this purpose should be 
colourless, have sp.gr. of 0-904-0 -908, and an 
acid value of less trfan 0 - 3, and when heated in a 
flat dish for an hour at 216° should not darken to 
any material extent. The chief adulterants of 
oil supplied for lubrlfcation are sugar and 
arachis oil (q. v.). * 

Oastor oil is a good solvent for resins in 

K 
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rubber, and may be used in the purification of 
raw rubber. Tne solution of extracted resins 
may be made into soap (Schopper, Gum. Zeit. 
1916, 30, 601). 

A process of preparing acidyl derivatives of 
oastor oil, which are free from the objectionable 
odour and tasto of the oil, has boon patented 
(D. R. P. 226111, 1908). J. L. 

CASTOR OIL SEEDS or CASTOR BEANS. 
The seed of Ricinus communis, a plant which 
grows as a tree in warm countries, attaining a 
height of 30 or 40 feet, but which in cooler 
climates is only an annual shrub. 

The following is an analysis of Indian seeds | 
(Halenke and Kling, Landw. Versueh. St. 1906, ] 
04,51):— 

Sol carfin- 

Water Protein Oil hydrates Fibre Ash 
Kernels, 70 p.c. 3*60 23-43 06-02 4-01 0-70 2 24 
Husk, 30p.c. . 8-76 4-76 0-98 32-92 48-69 3-89 
Whole seed . 5-14 17-88 46-65 12-61 14-99 2-73 

In many varieties the proportion of husk is 
much lower, sometimes down to 20 p.c. 

Of tho total ‘ pfotcin,’ 22-62 p.c., 4*18 p.e., 
and 17-13 p.c. respectively, are true albumi- 
noids, whilst of the carbohydrates, 0 89 p.c., 
15-63 p.c., and 5-29 p.c. respectively, are 
pentosans. 

The ash of castor seeds was analysed by 
Thoms (1890)— 

Hand, 

Water etc Fe 2 0 3 CaO MgO K a O Na 2 0 P 2 0 6 S0 3 Cl 
0*30 19 59 5 65 17 08 10*53 14*30 1*88 23*67 6 01 0 29 


to Falk ajiid Sugiura (J. Amer. Chem. Soo. 1915, 
37, 217), two enzymes — esterase and lipase, the 
former active towards ethyl butyrate, the latter 
towards triacetin. They also contain an enzyme 
urease, capable of hydrolysing urea (Falk, 
J. Amcr. Ghora. S<>e. 1913, 1914, 36, 2166), 
similar to, but weaker than, the ureaso of soja 
beans. 

Castor seeds are largely used as source of 
castor oil (f/.r.). The cake left is rich in protein, 
and if it Were not poisonous, would prove of 
value as a cattle food. It contains — 

Soluble 

Protein Oil carbohydrates Fibre Ash 
29-34 p.c. 1-4 p.c. 12-18 p.c. 30-40 p.c. 6-9 p.c. 

By subjecting the cake to high-pressure steam, 
the poisonous qualities are said to he destroyed, 
and eake so prepared may safely be used as a part 
of the ration of fattening animals. According to 
j Ehrlich, animals may be immunised against the 
| poison by feeding them with very small quan- 
I titles of the crude cake until they become 
j accustomed to it. The serum from such animals 
may then be used to immunise others, 
i Neither of these methods of utilising castor 
! cake appears to have been successful, and, in 
i England at least, it is rarely or never used for 
feeding purposes. 

The leaves of the castor plant are rich in 
lime and potash : an analysis by Wayne (Pharra. 
J. Trans. 1874, 3, 749) gave as the composition 
of the ash of the leaves : — 


Castor seerls are very poisonous. Cornoviti 
found the following were the toxio doses in 
grammes per kilogram of body-weight. Horses, 
oxen, sheep and dogs, 3 ; pigs about 5- 6 ; hens 
about 40. 

The poisonous constituent was believed to 
be ricininc by Soane (Chem. Zentr. 1895, i. 853), 
but is now known to be rinti, an albumin, 
which, with two non-toxic substances— a 
proteose and a globulin — constitute the proteids 
of the seeds (Osborne and Mendel, Proc. Amer. 
Physiol. Soo. 1903, 36). 

Ricimne, according to Macquenne and 
Philippe (Compt. rend. 1904, 138, 506 and 139, 
840), has the composition C 8 H 8 0 2 N 2 ; it melts 
at 201-5° and yields ncinic acid C 7 H 6 0 2 N 2 by 
saponification. They represent its constitution as 
,C(COOCH 3 ) : a 
N(CH)/ |)N 

CH = OH ; W 


Ricin , the poisonous principle, has been 
examined by Stillmark (Chem. Soc. Abstr. 1890, 
535), Osborne, and others {lx. and Amer. Jour. 
Physiol. 1905, 14, 259), and Brieger (Chem. Zentr. 
1904, i. 1286). It can be extracted from tho 
pressed seeds by a 10 p.c. solution of common 
salt., from which it is preoipitated by magnesium 
and sodium sulphates. 

Ricin agglutinates the red corpuscles of the 
blood. Osborne found 0-002 milligram per kilo- 
gram of body weight sufficient to kill a rabbit 
when subcutaneously injected. It can be kept 
for months without deterioration, but loses its 
poisonous qualities when coagulated by heat 
Toxic symptoms do n^t appear until after a 
latent period, of about J. 5 hours. Castor seeds 
also contain an enzyme capable of decomposing 
fats into glycerol and fatty acids, or, according 


CaO MgO K a O NttgO Fe„O a P a 0 6 S0 3 Cl CO a SiO a 
33-4 6-2 27-3 2-J 0'7 6 7 2-9 J-6 16-2 2*4 
H. 1. 

CASUMEN. Trade name for a soluble form 
ot casern. 

CATALASE v. Enzymes, art. Fermentation. 

CATALYSIS a . Chemical Affinity. 

CATAPLEIITE. Hydrated silicate and zircon* 
ate of sodium and calcium, containing Zr0 2 
30-40 p.c. The crystals are yellow and have the 
form of thin hexagonal plates ; sp.gr. 2 -8, H. 6. 
It occurs with other rare minerals in nepholine- 
syenite on the islands m the Langesund-fjord 
in south Norway, and at Narsarsuk in Green- 
land. L. J. S. 

CATECHIN v. Catechu. 

CATECHOL (Pyrocatechol or Pyrocatechin, 
o- Dihydroxybenzene, 1 . 2-Phendiol C a H 4 (OH) t ), 
occurs in the leaves of the Virginia creeper 
[Ampelopsis hederacea) (Gorup Besanez, Ber. 

1871, 4, 905) ; in the Bap of various kinds of the 
kino plants (Eisfeldt, ibid. 906 ; Fliickiger, Ber. 

1872, 5, 1, 47) ; in crude beet sugar (Lippmann, 
Ber. 20, 3298 ; 1893, 26, 3061 ; J. Soo. Chem. 
Ind. 1893, 535) ; in the dry external scales of the 
onion ; in Paglia olive oil (Canzoneri, Gazz. chim. 
itaL 27, 3) ; in the colouring matter of red grapes 
(Soategni, Gazz. cnim. ital. 32, 17) ; in Silesian 
and Westphalian ooal (Bomstein, Ber. 1902, 35, 
4324) ; and in the tar water of bituminous shale 
(D. R. P. 68944, 1892 ; Ber. 1902, 35, 4325). The 
catechol complex also exists in oertain glucosides 
(Nedra, J Soc. Chem. Ind. 1900, 686 ; Sohmidt 
and Waljaschko, Chem. Zentr. 1901, ii. 121), 
in a large number of products oi vegetable 
origin ; as the sulphate, catechol ocours in the 
urine of man and herbivorous animals (Miiller, 
Ber. 1874, 7, 1626 ; Sohmiedeberg, Zeiteoh. 
physiol. Chem. 6, 189); it is probably also 
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contained in the oerebro- spinal fluid (Halli- 
burton, J. Phys. Chem. 10, 247). 

It is formed in the dry distillation of mori- 
tannic acid (Wagner, Annalen, 1850, 75, 351, 
80, 310) ; of catechin (Zwengor, Annalen, 1841, 
37, 327) ; of protocatechuic aoid (Strecker, 
Annalen, 1860, 118, 285), and of all tannins which 
give a green colouration with iron chloride 
(Uloth, Annalen, 1859, 111, 215). It is also 
formed when filter paper is heated to 200° or 
when starch or sugar iH heated to 280° with 
water (Hoppo Seyler, Ber. 1871, 4. 15) and in 
many other reactions. 

Catechol is prepared by fusing sodium 
o-benzene disulphonato (10 parts) with sodium 
hydroxide (10-15 parts) m an autoclavo for 
8-10 hours at 280°-300° and pressure of 2-3 
atmospheres. The mass is then dissolved in 
dilute sulphuric acid, neutralised with chalk, 
evaporated, cooled and filtered. The mother 
liquor is now heated in an autoclave with 50 p.c. 
sulphuric acid (10 parts) to 180°-220°. The 

E henol is removed from the solution so obtained 
y blowing stoam through it ; it is then de- 
colourised with animal charcoal, after which tho 
catechol is extracted with ether (Baum, Eng. Pat. 
21853; D. II. P. 80817; J. Hoc. Chem. Jnd. 
1894, 879 ; Ellis, ibid. 1897, 074 ; Erdl. 1894-7, 
110). Catechol is also prepared by heating 
catechol disulphomc acid or the sodium salt 
with water or mineral acid to 200°- 215° for 
10-15 hours under pressure (Tobias, I). R. P. 
81209, 1894; Frdl. 1894-7, J 17) ; or by treating 
commercial catechu with water (Gutknochl, 
Chem. Zeit. 1891, 15, 959); or by diazotising 
o-ammophenol, treating tho product with boiling 
aqueous copper sulphate, and then extracting 
the catechol with other (Erdl. 1905-7, 128) ; or 
by the distillation of orthobromo- or chloro- 
phenol in va cud or m steam ( I). R. P. 70597 ; 
Frdl. 1890-4, 845), or by heating with sodium 
hydroxide (Frcll. 1894-7, 114 ; I). R. P. 84828). 
An almost theoretical yield of catechol can be 
obtained by treating guaiacol with fuming 
hydriodic acid (Perkin, Chem. Hoe. Proc. 1890, 
90) ; or by tho interaction of o-hydroxy bonzalde- 
hyde with aqueous sodium hydroxide in equi- 
molecular proportions ; to the sodium salt thus 
formed, an equimolecular proportion of 2-3 p e. 
hydrogen peroxide is then added and the 
catechol is extracted with a suitable solvent 
Dakin, Amor. Chem. J. 1909, 42, 477). Also 
ormed, together with phenol, by acting on 
benzene with hydrogen peroxide m presence of 
a ferrous salt. Other mothods of prepanng 
catechol are described by Cross, Bevan, and 
Heiberg (Ber. 1900, 33, 2018) ; Kunzkrause 
(Ber. 1897, 30, 1620) ; Meyer (ibid. 2569) ; Hart- 
mann and Gatterinann (Ber. 1892, 25, 3532 ; 
D. R. P. 70718 ; Frdl. 18<Jp-4, 52) ; Gillinrd, 
Monnet and Cartier (D. R. P. 97099 ; Chem. 
Zentr. 1898, ii. 521) ; Messel (D. R. PP. 68944, 
00637 ; Frdl. 1890-4, 844, 846). 

Catechol is readily soluble in water, alcohol, 
ether, benzene, and crystallises from these 
solvents in prismatic needles or tablets; m.p. 
104° ; b.p. 245° (Grabe, Annalen, 1889, 254, 
296). Jts«aqueous solution precipitates metallic 
silver from silver nitrate solution at ordinary 
temperature, and with ferric chloride it gives a 
green colouration, which turns violet on addition 
of ammonia or sodium acetate (Wislicenue, 
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Annalen, 1890, 291, 174), whilst in the presence 
of aromatic amino-sulphonic acids the colour 
ohanges to red-brown and the test is more 
delicate than with ferric chloride alone (Bayer, 
Biochem. Zeitsoh. 1909, 20, 178). Unlike its 
I isomeride, resorcinol (metadihydroxy benzene), it 
is converted into an unstable quinone by the 
action of silver oxide, and its calcium salt 
Ca(C 6 H g 0 2 ) 2 is precipitated by an ammoniacal 
solution of calcium chloride (Bottinger, Ber. 
1895, 28. Rof. 327). Catechol can be separated 
from its lsomerido by adding antimony fluoride 
to their aqueous solution, when only cateohol 
antimonyl fluoride will bo precipitated (Causse, 
Ann. Chun. Phys 1898, ^vii.) 14, 526, 538). 

An alkaline solution of catechol becomes 
green, then black on exposure to air ; cate- 
chol is also oxidised to a black insoluble sub- 
stance by tho action of Caiecholase, a thermo- 
stable substance obtained from the young Bhoots 
of tialix purpurea (Weevers, Proc. K. Akad. 
Wetensch, Amsterd. 1909, 12, 193). Heated 
with ammonium carbonate to 140°, catechol 
yields protocatechuic acid C„H 3 (0H) 3 C0 2 H. 

Catoehol is used in photography, forming a 
very efficient developer in tho presence of 
sodium sulphite or tribaBic sodium phosphate 
as accelerator (Filer, J, Chem. Soc. Ind. 1890, 
102; Brit. J. Photogr. 1900, 47, 676). It can 
also be used as the starting-pomt in the prepara- 
tion of a large number of valuable derivatives. 

Alkali salts of cateohol of the general com- 
position OH*C 8 H 4 *OM,C fl H 4 (OH) 2 , can be ob- 
tained by treating catechol with a solution of 
the theoretical quantity of alkali hydroxide or 
of a salt with an alkaline reaction, such as the 
sulphites. They form readily crystallisable 
salts, used in photography, and can be employed 
for producing pure catechol (Meister, Lucius and 
Pruning, D. It. P. 164666, 1904 ; Frdl. 1905-7, 
129). 

Tho mono- arid di-ethyl others of catechol 
are prepared by heating under pressure a solu- 
tion containing catechol, sodium hydroxide, and 
sodium ethyl sulphate or chloride in equivalent 
proportions. The ethers are then removed by 
steam distillation and separated by treatment 
with sodium hydroxide, in which only the mono- 
other is soluble (J. Soc. Chem. Ind. 1896, 741 ; 
Eng. Pat. 16047, 1896). The diothers can be pre- 
pared by the action of alkalis on the monoetners 
(Frdl. 1894-7, 123 ; D. R. P. 92651). 

Catechol monoethyl ether forms lbrge dear 
colourless crystals, m.p. 26°-27°, b.p. 215°, 
which have an odour similar to that of thymol, 
and are soluble in alcohol and ether, but not in 
water. 

The monoalkyl ethers of catechol, when fused 
or treated in solution with various proteids, 
albumoses, and peptones, yield compounds 
which are applied therapeutically (Fehrlin, 
D. R. P. 162656, 1906). 

Monoethyl catechol ether v. Guaiacol. 

Dimethyl catechol ether v. Veratrol. 

Catechol, when fused with aliphatic amines- 
or heated with them in suitable solvents, yields 
stable amines which form useful photographic 
developers (D. R. P. 141101, 1903 ; Erdl 
1900-2, 1218). Othe* amino- and also nitro- 
derivatives are described by Meldola, Woolcott 
and Wray (Chem. Soo. Trans. 1890, 1332); 
Heinisch [Monatah. 1894, 15, 229) ; Nietzki and 
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Moll (Ber. 1893, 26, 2182); Blankswa (Rec. 
trav. ehim. 1906, 24, 40); Grischkewitsch- 
Trochimowski (J. Russ. Phys. Chem. Soc. 1909, 
41, 1324); Dakin {l.c.). 

Good stable black, greenish, and bluish-black 
dyes, soluble in carbonates and alkaline sul- 
phides, have been obtained by the action of 
aliphatic amines on catechol at 180°-222° 
(D. R. P. 84032 ; Frdl. 1894 - 7, 1048). 

Methylene catechol ether CH 2 <^Q^O a H 4 is 

a colourless liquid ; b.p. 172°-173° (Moureu, 
Bull. Hoc. ehim. 1897, If), 004 ; Mamoli, Atti. R 
Accad. Lincei, 1906, (v.) 15. n. 101 ; Perkin, 
Robinson, and Thomas, Chem. Hoe. Trans. 
1909, 1977). A number of derivative's have 
been prepared (Moureu, l.c. 1898, 19, 507 ; 
Medinger, Monatsli, 1900, 27, 237; Barger, 
Chem. Soc. Trans. 1908, 503, 2081 ; Barger 
and Ewins, ibid. 735). 

Catechol diphenylmcthylcne ether 




is prepared by gently heating catechol with , 
benzoplienone chloride ; colourless prisms, m.p. I i 
93° (Sachs and Tlionet, Ber. 1904, 37, 3327). | « 

The methylene ethers of catechol derivatives i 
can be converted into chlorine derivatives of , 
their cyclic carbonates by being heated with | , 

thionyl chloride (Wellcome and Barger, Eng Pat , 

15987, 1907 ; J. Soc. Chem. Jnd 1908, 355). 

Catechol clhylemc ether C # 1T 4 | bp. 

N>CH 3 

210° (l ]()°-l 1 1“, 31 mm.), is readily obtained 
by heating catechol with potash, ethylenic 
bromide and water in an atmosphere of hydro- 
gen. Potassium permanganate, hydrogen 
iodide, and ammonia have an action on it, but 
it is oxidised by chromic acid to oxalic and 
carbonic acids. * It yields a number of sub- 
stitution derivatives (Moureu, Compt. rend. 
1898, 126, 1426 ; Bull. Soc. ehim. 1898, (iii.) 19, 
507; Gattermann, Annalen, 1907, 357, 313; 
Lazennec, Bull. Soc. clnm. 1909, (iv.) 5, 501, 509). 

X)*CH 

Catechol acetylenic ether C fl H 4 \ || is 

N>CR 

prepared by dehydrating orthohydroxyphen- 
oxyaldehyde with phosphoric anhydride in pre- 
sence of quinoline. It is a colourless oil, boiling 
at 193°, and, when strongly cooled, forms 
brilliant white crystals, m.p. 16°-20°. It forms 
a dibromide C 6 H 4 0 2 (CH) 2 Br 2 , m.p. 103°-104*5°, 
which, in contact with water, is converted 
into catechol, glyoxal, and hydrogen bromide 
(Moureu, Compt. rend. 1899, 128, 559). r 
Catechol forms a number of acetals (Moureu, 
Compt. rend. 1898, 126, 1656); also a vinyl 
derivative (Kurz Krause, Ber. 1897, 30, 1617 ; 
Paulv and Neukam, ilnd. 1908, 41, 4151). 

datechol sulphonic acid C # H s (0H) 2 S0 3 H is 
conveniently prepared by stirring together a 
meta-halogen phenol sulphonic acid with about 
an equal weight of sodium hydroxide in aqueous 
solution, ana heating the mass to 250° for 8-10 
hours. The mass is now dissolved in water and 
neutralised with a mineral acid such as sul- 
phuric. The solution is evaporated and the 
sodium sulphate filtered off, whilst the concen- 
trate solution of catechol sulphonic acid yields 


pure catechol when heated with mineral acids 
(Frdl. 1897-1900, 150 ; 1902-4, 100 ; D. R. P. 
9623 ; Elbe, Eng. Pat. 14931, 1896). 

Catechol disvlphonk acid .is obtained by 
treatmg catechol with 5 times the amount of 
fuming sulphuric acid (Cousin, Compt. rend. 
1893, 117, 1J3), or by fusing phenol trisulphonic 
acid or its salts with alkalis and decomposing 
the alkali sulphonate so obtained with dilute 
sulphuric acid (Frdl. 1894-7, 118). 

Haloqen derivatives (Jackson and Boswell, 
Amer Chem. J. 1906, 35, 519 ; Dakin, l.c.). 

Monochlorcatechol C # I1 3 (0H) 8 C1, m.p. 80°- 
81°, is obtained by the interaction of sulphuryl 
chloride with catechol in ethereal solution ; 

' by using a larger proportion of sulphuryl 
chloride, the du hlorcatechol, m.p. 106°— 106°, is 
obtained (Paratoner, Gazz. ehim. ital. 1898, 28, 
i. 197). , . J , 

Trk hlorcatechol C,H 8 (J1 8 0* is obtained by 
the action of a chlorine solution in acetic acid or 
an acetic chloroform solution on catechol. It, 
forms colourless odourless prisms, m.p. 104°- 
105°, with a burning taste. Excess of chlorine 
yields tetrachlorocatechol (Cousin, Compt. rend. 
1895, 120, 840). The corresponding bromo- 
| derivatives are obtained similarly (Cousin, l.c.). 

■ I The bismuth brommated catechols are re- 
f commended as a satisfactory substitute for 
1 I tribromphenoxide. which is employed medi- 
i oally, under the name of ‘ xoroform.’ They are 
! produced by adding an acid solution of bismuth 
nitrate to alkaline, tetra-, in-, or di-bromo- 
• catechol, or by introducing precipitated bismuth 
hydroxide into an alcoholic solution of the 
1 bromoeateehol (D. R. P. 107544, 1909). 

3 Catechol carboxylic acid 

; c 6 h 4 (oh)0-go 2 h,ih 2 o 

t, m p 240°, is formed by the action of ammonium 
1 carbonate on catechol at 130°-140° under 
i- pressure, or by heating catechol with glycerol 
I. and potassium hydrogen carbonate at 180°-210° 
), in an atmosphere of carbon dioxide (Praxmarer, 
; Monatsh. 1906, 27, 1 1 99). The di-carboxylic acid 
). can also ho prepared. Derivatives of catechol 
carboxylic acid, used in medicine, are obtained 
is by the interaction of alcohols and also of primary 
and secondary bases with catechol carbonate ; 
l- thus : 


— C fl H 4 ( OH )0 -CO a C # H e 

or by using aniline, the compound 
C # H 4 (OH)0'CONHC a H 6 is obtained, whilst 
with ethylene diamine it forms dicatechol- 
dicarbethy lenediamide C 2 H 4 (N H *CO gCjH^OH)* 
(Einliorn and Lindenberg, Annalen, 1898, 300, 
135; 1). R,. P. 92536; Frdl. 1894-7, 1110). 

A numBer of similar compounds are described 
by Einhorn and Lindenberg (Z.c.). ; Einhom 
and Pfeiffer (Annalen, 1898, 310, 218). q # 
i" Methyl catechol dicarbonate, m.p. 41°, is 
described by Syniewski (Ber. 1895, 28, 1874). 

Carbonyl esters of catechol of the type 
CO(OC e H 4 bR) 2 , also used in medicine, are pre- 1 
pared by the action of phosgene oi\ the corre- 
sponding alkyl catechol in sodium hydroxide 
Solution (D. R. P 72806 ; Frdl. 1890-4, 854). 
f Catechol monoacetic acid 

C e H4(OH)0*CH a *C0 8 H 
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m,p. 131°, is obtained by the aotion of nonochlor- 
aoetio acid on catechol in aqueous or alkaline 
solution. When heated to 120°, it forms the 

anhydride C 8 H 4 <^^CO, m.p. 56° (J. Soo. 

Chem. Ind. 1896, 688), which, when treated 
with water, yields the acid in a very pure state 
(D. R. PP. 87336, 87068, 87669, 89593 ; Frdl. 
1894-7, 1100, 1107, 1108). The sodium salt of 
this acid is said to be a better remedy for 
phthisis and loss of appetite than guaiacol or its 
carbonate (Frdl. 1894-7, 1106). A large number 
of derivatives formed by the acid are described 
by Ludwig (J. pr. Chem. 1900, n. 61, 345). 
Catechol diacetates are described by Drezgowski 
(J. Russ. Phys. Chem. Hoc. 25, 157), and by 
VoBwinckel (Bor. 1909, 42, 4561). 

Catechol reacts with chloracetyl chloride or 
chloracetic acid, forming chloroucetyl catechol, 
thus : 

C a H 4 (OH) 2 +ClCH 2 ’C()CU-C 8 ll 3 (OH) 2 COCII 2 Cl 

which, with ammonia or a primary ahphatio 
amine, yields amino-acetyl compounds of the 
type RNilCH a CO C e lf 3 (OH) 2 , and theso keto- 
compounds can be readily reduced to the cor 
responding alcohol (lmray, Eng Pat. 26180, 
1903 ; J. Sot*. Chem. Ind 1901, 1043 ; I). R. P. 
13209; Frdl. 1890-4, 857) (.sec also Adkena- 

LINE). 

Andino and chloroacotyl catechol form an 
anilide C„H (()H) 2 (!IK!H 2 *NHP1i. which, with 
nitrous acid, yields cakchnlgh/copfienyl triuzmc 
|C 8 H 3 (01I) 2 ] 2 C0 Cli.NCh N ; NCH a CO ; m p. 
115°, with decomposition. The correspondmg 
tolyl- derivative melts at 120”, and is pre- 
pared in a similar manner (Dzierzgowsky, Ber. 
1894, 27, 1983 ; D. R. P. 71312 ; Frdl. 1890-4, 
857). 

Acctocatechol C 8 R 3 Ac (OlI) 2 , m.p. 116°; di- 
methux y ace lea techol C.ll.,Ao.(UMo) 2 , and catechol- 
glycotfnocyamte C e H 3 (Oli) 2 CO-CH 2 -HCN, m.p. 
147°-150°, have been prepared by Dzierzgowsky 
( l.c. ). According to Abderhahlcn and Kautsch, 
the chloracetyl derivatives of catechol, when 
treated with ammpma, arc resolved into their 
components (Chem. Zentr. 1910, n 1356). 

Alkyl acetyl catechol alkyl ethers, used in 
pharmacy, are obtamed by the action of the 
alkyl acetyl chlorides on catechol monoalkyl 
ethers (J. Soo. Chem. Ind. 1906, 653 ; Eng Pat. 
25571, 1905 ; U.S. Pat. 822339, 1906). 

A soluble tasteless product, ('loHgN/lj, 
useful for medical purposes and as a substance 
from which other valuable technical products 
can be obtained, is formed by the condensation 
of catechol with alloxan in the presence of zinc 
chloride or minoral acids. It forms prismatic 
crystals, which decompose above 200° (I). R. P. 
107720 ; Frdl. 1897-1900, 864). 

Catecholdianfipyrinc is obtained by mixmg 
aqueous solutions of its constituents, and forms 
colourless needles ; m.p. 78°-79° (Patom and 
Dufan, Compt. rend. 1895, 121, 532). 

Piperidine catechol <-^H n N,[C 8 H 4 (0H 2 ] ? 
forms white crystals which rapidly become red 
and then brown on exposure to air. It melts at 
80°-81° ^Rosenheim and Schidrowitz, Chem. 
Soc. Trans. 1898, 140). 

Catechol, when treated with phthaiio anhy- 
dride and sulphuric acid at 150°, yields alizarin ; 
thus: 


G * H,< CoH(2) + C « H *<CO>0 

(Baeyer and Caro, Ber. 1874, 7, 972 ; Lieber- 
mann and Hohenemser, Hid. 1902, 35, 1778) (v. 
Alizarin and allied colouring matters). 

Cateeholphlhalem C ao H 18 0 8 is prepared by 
heating phthahe anhydride (3 parts) with cate- 
chol (2 parts) and zinc chloride (3 parts) to 
140°-] 50° for 3-4 hours. The aqueous extract 
of the product is boiled with animal charcoal, 
and the filtrate, on cooling, deposits yellowish- 
white leaf crystals of the substance which sintera 
80°-90°, but does not melt (Moyer and Pfoten- 
liauer, Bor. 1907, 40, 1442; Bayer, Chem. 
Zentr. 1910, n. 1521). 

Under cortain conditions, catechol combines 
energetically with diazo- compounds yielding azo- 
dyes (Witt and Mayer, Ber. 1893, 26, 1072 ; Or- 
ton and Everatt, Chem. Hoc. Trans. 1908, 1021). 
Thus Belize ncazocatcr hoi C a H a (OH) a N a C fl H 8 , 

m.p. 165°, which dyes cotton mordantea with 
alumina a golden yellow, is formed by the inter- 
action of ail alcoholic solution of catechol and 
a concentrated solution of diazobenzene chloride, 
the mixtuie then being poured on to ice. The 
nitro- derivative NO 2 C 6 li 4 N 2 C 8 U 3 (0H) a colours 
alumina mordants rod, and iron and chromium 
mordants brown ; the sodium sulphonate 
H0 3 NaC 8 ll 4 N 2 C 8 H 3 (0lI) 8 colours wool mor- 
danted with alumina, yellow ; with chromium, 
j red -brown. (Similar toluene compounds have 
j also been obtained. Catechol hIbo forms triazo- 
or azonnido- compounds (Rupo and Majewski, 

I Ber. I960, 33. 3401). 

I Catechol ylycoisoguinohne 


! 


110* 8 H 3 ^ 0 _ nc ^ 


forms glittering orange-coloured crystals whioh 
give a red colouration with very dilute ferric 
chloride and a green colour m presence of exoess 
of the latter ; both the base and the chloride 


dye cotton mordanted with iron, aluminium, or 


chromium salts, black-yellow or reddish-brown 


respectively (Nencki, Bur. 1894, 27, I960). 

Catecholglycoklrahydroquinoline C 4 7 H 17 N0 3 
crystallises m yellow lustrous plates ; m.p. 170° 
(Nencki, l.c.). 

Catechol, when heated with zinc chloride and 


formic acid, yields aunn dyes whioh give fast 
colours with metallic oxide mordants (Caro, Ber. 
1893, 26, 254).' 

Catechol tannins arc employed in colouring 
leathers (J. Hoc. Chem. Ind. 1907, 423, 882 ; 
i hid. 1909, 1151). 

A number of products obtained by the con- 
densation of catechol with ketones are de- 
scribed by Fabinyi and Hzeky (Ber. 1905, 38, 
2307). 

Catechol, when warmed with an alco- 
holic solution of picryl chloride containing 
sodium, yields 3 : b-dimtro*)-diphenylene oxide , 
C 8 H 4 0 2 -C e H 2 (N0 2 ) 2 , m.p. 192 0 -192’5 0 (Hillyer, 
Amer. Chem. J. 1900, 23, 125). 

Catechol heated with hippuryl chloride on 
the water-bath yields o-hyiroxyphenyl hippurate 
NHBz CH 2 , CO a C 8 H 4 *t>H, m.p. 134M36 0 , which 
with hydrogen chloride gives the anhydride 
C 1# H u O a N, m.p. 232°-233° (Fischer, Ber. 1905, 
38, 2926). 
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When oateohol is hydrogenated in the pre- to ascertain the botanioai derivation of com- 
senoe of finely, divided nickel, cis-cyclohexane meroial brown outoh preparation*. 

1 : 2-diol, m.p. 75°-76°, b.p. 225°, is formed Gambler cotecftM.—-Gambier, yellow cutch, 
(Sabatier and Mailho, Compt. rend. 1908, 146, cubical cutoh, cube gambipr, or terra japonica, 
1193). is obtained from the Uncaria gambler , an 

A number of quinone and halogen quinone extensive scandent bush which is met with, both 
derivatives of catechol are described by Jackson wild and cultivated, m Malacca, Penang, and 
and Koch (Amer. Chem. J. 1901, 26, 10) ; Singapore. The catechu is isolated by extraot- 
Jackson and Porter (ibid. 1903, 30, 518) ; Jack- ing the leaves and twigs with hot water until the 
son* and Russe (ibid. 1906, 35, 154 ; Ber. 1906, liquid becomes syrupy, the insoluble matter 
38, 419). Other derivatives of catechol have being removed from time to time by means of 
also been prepared (Cousin, Ann. Chim. Phys. a strainer. On cooling, the pasty mass is cut 
1898, (vii.) 480; 1899, (vu.) 18, 76; Bischoff, into cubes with sides 1 inch in length and 
Ber. 1900, 33, 1669 ; Wisinger, Monatsh. 1900, dried on bamboo trays. 

21, 1007 ; Bischoff and Hedenstrom, Ber. 1902, GaUchin (! 15 H U 0 # ,4I1 2 0, the crystalline 
35, 3452 ; Bischoff and Frohlich, Ber. 1907, principle, was first described by Nees van Esen- 
40, 2779, 2790 ; Barger and Ewins, Chem. Soc. beck (Annalen, 1832, 1, 243), was subsequently 
Trans. 1909, 552, 1482; Eourneau, J. Pharm. examined by Berzelius in 1837 (J. 14, 235), and 
Chim. 1910, (vii.) 1, 55, 97). more recently by numerous chemists. To 

Catechol phosphines and chlorophosphincs isolate catechm, 1/3 we (Zeitsch. anal. Chem. 
(Krauer, Ber. 1894, 27, 2565) ; phosphites and 13, 113) devised the following method : catechu 
sulphites (Anschutz and Posth, Ber. 1894, 27, is washed with cold water to remove catechu 
2751) ; also a number of antimony l catechol com- tannic acid, well pressed, allowed to dry, and 
pounds (Causse, lx.), some bismuth derivatives dissolved in hot acetic ester. The filtered 
(Riohard, Chem. Zent». 1900, ii. 629), and a lead solution is evaporated and the residue crystal- 
salt (Jackson and Koch, Ber. 1898, 31, 1468), hsed from liot water. 

have been prepared. According to Perkin and Yoshitake (Chem. 

Homologues of catechol, buoIi as homo- Soc. Trans. 1902, 81, 1162), a combination of 
catechol (o-dihydroxytoluene), can bo prepared | this method and that of Berzelius i}.c.) gives 
by heating the corresponding alcohol with 1 good results. 

catechol in the presence of zinc chloride in open j The finely powdered catechu is extracted 
or sealed vessels (Merck, Frdl. 1894-7, 1 15 , j with 10 tunes its weight of boiling ethyl acetate, 
D. R. P. 78882), or by the interaction of per- 1 the solution is evaporated, and the residue 
Bulphates and p-phenol derivatives in alkaline crystallised from 10 times its weight of water, 
solution, the product then being warmed with j The product is again dissolved in boiling water, 
acid (Frdl. 1894-7, 121 ; 1). R. P. 81298). and lead acetate solution added, drop by drop, 


°* H *<JM4)+ K * S * 0 «+ K0n 

/OK(l) 

=C,H 3 ( 0S0 2 0K(2)+K 2 S0 4 +H 2 0 
X R<4) 

/)K(1) 

0,H 3 < 0S0 a 0K(2)+H 2 S0 4 +H 2 0 
\R(4) 

yOH(l) 

=C # H 3 f OH(2)-f 3KHS0 4 
\R(4) 

This method can be applied to the production of 
a large number of various derivatives. 

CATECHU or CUTCH. There are several 
varieties of catechu or cutch bearing different 
names according to the country or plants from 
which they are obtained. The following are 
those principally employed by dyers and 
tanners : Gambicr catechu, Bengal or Acacia 
catechu, Bombay or Areca catechu, and Man- 
grove cutch. 

Although catechu has perhaps received greater 
attention than other natural dyes, the results 
have been so varied that the chemistry of the sub- 
ject was for a long time in a most unsatisfactory 
condition. Some confusion has arisen from the 
non-appreciation of the fact that the main 
constituents of Gambler and Acacia catechu are 
not identical, and some uncertainty has also 
apparently existed as to the botanical origin 
of the commercial varieties. Bombay catechu 
is, for instance, occasionally referred to as 
originating from the Acacia catechu, and Bengal 
catechu from the Areca catechu (Linn.) ; and in 
many eases, at the present time, it is impossible 


: until a coloured precipitate is no longer formed, 
j and tho filtrate is almost colourless ; the latter, 
while hot, is treated with sulphuretted hydrogen, 
the load sulphide removed, and the crystals, 
which separate on cooling, arc collected, washed, 
and allowed to dry at tho ordinary temperature. 
The substance is now practically colourless, and 
the yield greater than if the purification had 
been effected by frequent crystallisation from 
water. 

The formula} which have been assigned to 
catechm are very numerous. It has been shown 
by v. Kostanecki and Tambor (Ber. 1902, 35, 
1867), and simultaneously by Perkin and 
Yoshitake (l.c.), that it is correctly represented 
as C, 6 H 14 0 fl ,4H 2 0. 

Catechm forms colourless needles, and when 
crystallised from water tho air-dry product 
melts at 96° (Clauser, Ber. 1903, 36, 101). After 
standing over sulphuric acid, it possesses the 
formula C 16 H 14 0 g ,H 2 0, and melts at 176°-177°, 
and this is also the melting-point of the anhy- 
drous substance. Catechin is readily soluble in 
boiling water and cold alcohol, and gives with 
lead acetate solution a colourless precipitate, 
and with ferric chloride a deep-green liquid. 
With pine wood and hydrochloric arid, it gives 
the phloroglucinol reaction. 

On fusion with alkali, proiocatechuic acid, 
phloroglucinol, and probably acetic acid are pro- 
duced, and it is interesting to note thaj catechu 
has been considerably employed for the com- 
mercial preparation of the former compound. 

Schutzenberger and Rack (Bull Soc. chim. 
4, 6) have described a dibenzoylcatechin ; and 
Liebermann and Tauchert (Ber. 1880, 13, 695), 
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diaoetyl catechin, diacetyl diohlorcate^bin, and 
diacetyl dibromoatechin ; but their formulae for 
these compounds are now known to be incor- 
rect. 

Penia - acetyl - catechin CjgHgO^CaHgO), ; 
odourless needles, m.p. 124°-125° (v. Kosta- 
necki and Tambor) ; pentabenzoyl catechtn, 
C, 8 H # 0 4 (C 7 Hj 0) # , colourless needles, m.p. 151°~ 
153° ; tdrabcnzoyl' ceilcchin, C 18 H l0 O a (C 7 H 8 ()) 4 ; 
prisms, m.p. 171°-172° (Perkin and Yoslntake) ; 
disazobenzenc catechin, C^HjaOjlCjH^NjjJj, 
salmon - red needles, m.p. 193°-T96 0 (Etti, 
P. and Y.) ; acetyldimzobenzr ne catechin , orange 
red needles, m.p. 253 0 -255 n (P. and Y.) ; catechin 
tetramethyleiher C 15 H 10 O g (OCH 8 ) 4 , needles, m.p. 
141°-140° (K. and T.) , acetyl catechin tetra- 
meihylcther C J8 H # O a (OCH 3 ) 4 C 2 H 3 0, needles, 
m.p. 92°-93° , and caltclnn pentamethylether 
C 15 H 9 0(()CH 3 ) B (K. and T.), have been prepared. 

When eatechm tetramethylother, suspended 
in water, is oxidised with potassium perman- 
ganate, it gives veratne acid, and most probably 
phloroglucinol dimdhyleiher (Cliem. Soe. Trans 
1905, 87). As the result of this investigation, 
Perkin considered that catechin was possibly a 
reduction product of quercetin : 


A 


OH 


OH 7 Y 'Mill--/ \()H 
| \-~/ 
v i ,011 OH 
\/\ / 

OH OH- 


or 


OH' 


\ / /JH, 

OH OH-Oll 


OH 

O 


and indeed a small quantity of the latter colour- 
ing matter is present in catechu (Lowe . Perkin, 
ibid. 71, H35). 

More recently, v. KostaneekiandLampe (Ber 
1900, 39, 4007) have shown that, when catechin 
tetramethylether is brommated in the presence 
of sunlight, only a nionobromcatechm tetramethyl- 
ether, m.p. 173 t!> — 174°, is produced, whereas the 
above constitutional formula) require the forma- 
tion of a dibromo- compound. When oxidised 
with permanganate, bromcatechin tetramethyl- 
ether gives veratne acid, so that the bromine 
must have replaced one hydrogen of the phloro- 
gluoinol nucleus. When alcoholic solutions of 
catechin - tetramethylether and of iodine ami 
iodic acid are mixed, long colourless needles of 
iodocatechm-tetramethylcther separate after a 
few hours : — 



m.p. 192°- 193° ; this yields an acetyl deriva- 
tive C ai H 23 0,I, m.p. 189°. 

Iodocatechin-tetramethylether when treated 
with zirfb-dust and alkali yields the original' 
catechin-tetramethylether, this elimination of 
iodine being also noticed with other members 
of the maclurin type (v. Kostanecki and Lampe, 
Rea 1907, 40, 4910). v. Kostajjecki and Lampe 


have assigned the following constitution to 
catechin : — 

hoA hoA— o 

H0 \/ _CH(0H)- k/ -CHrA 0 ’ 

N 1 OH 

and this is in harmony with many of the 
properties of this substance. When catechin 
tetramethylether is oxidised with chromic acid, 
calechone trimeihylether, orange -yellow needles, 
m.p. 210°, is produced (K. and T.) * 

O 

II 

CH 3 ( )/ X /°' YCH a 

! i i I / 

(JHA -CH(OH) -J ch 2 


whereas eatechm pentamethylether gives the 
tetrametliyl compound : 

O 


ch 3 ()/\ (:h 3 o/\Y (, v / ch 2 

cn 3 ol x ; Ych(och) 3 — x/ -ch/ 


O 


and this behaviour is analogous to that of 
leucomaclurm pentamethylether ( see Maclurin). 

Acetyl catechone by reduction with zino-dust 
and glacial acetic acid, and hydrolysis of the 
product, gives hydroxy -cate chin, yellow needles, 
melting at 284°-285° — 



Tho hexamcthylether has m.p. 102° (Nieren- 
stein, Annalen, 1903, 396, 194). 

When eatoehone tnmothylother is nitrated, 
a monomtro- derivative^ 1) : 


( 1 ) 


-1y 0 2 OH30f /X Y° V ') CH » 


ch 3 o' 


-CH (OH)— 1 


-CH 4 



m.p. 141°, Is obtained, and on oxidation yields 
nitroveratnc acid (2). Finally, by the reduction 
of catechin tetramethylother with sodium and 
alcohol, an oil is produced which, on treatment 
with methyl sulphate, gives pentarnetfwxyethyldi - 
phenylmethune * 

CHjfVf'i 0 Ch/\)CH 3 
CH a O\J— CH 8 “\/ C a H 8 
OCH 8 

a reaction which points clearly to the presence 
of the cumaran ring in catechin. 

Ryan and Walsh (Proc. Roy. Bub. Soc. 
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1916, 15, 113) have attempted to decide between 
the chroman structure of Perkin and Yoshitako 
and the coumaran formula of v. Kostanecki 
and Lampe. To this end they havo synthesised 
2 : 4 : 6 : 3' : 4 / -penta-methoxy-3-cthyl-diphenyl- 
methane, in order to ascertain whether tnis was 
identical with the deoxy-hydro-catechm-penta- 
methyl-ether obtained from catechin, as de- 
scribed above by v. Kostanecki and Lampe. 

The synthesis is made clear by the following 
scheme : — 



They were, however, unable to obtain the 
resulting product in a crystalline condition — 
the addition of a crystal of the product obtained 
from catechin (deoxy-liydro-eateehiii-penta- , 
methyl-ether) failed to* cause it to crystallise 
— hence they were not able to obtain a deiimte 
settlement of this point. j 

Catechin is oxidised in aqueous solution by J 
potassium ferncyanide in the presence of potas- 
sium acetate with formation of an orange- 
coloured amorphous compound (Perkin), which 
dyes mordanted calico orange- biown shades 
which are fairly fast to soap. 1 1 is probable that 
this dyestuif is related to the catecbone of v. 
Kostanecki and Tam bor, and which was obtained 
by these authors in the fori# of its tn- and 
tetramethyl ethers. 

When catechin is treated with carbon tetra- 
chloride and aqueous potassium hydroxide, it 
yields catechin carboxylic acid, colourless needles, 
m.p. 274°-277° (decomp.) : — 

H0| / Y°CII 2 
COOH-C,H 1 (OH)„-CH(OH)-t v J . ( | H 

Oil 

The annexed constitution lias been assigned 
to it on account of the fact that its 'fxn la- 
methyl-ether methyl-ester C 22 1I 26 0 M m.p. 92°, 
when oxidised with alkaline permanganate, 
yields hemipinic acid. 

Catechin carboxylic acid has been resolved, 
and the tf-acid has and m.p. 

273° (decomp.), whilst the /-acid gave values 
[a]*®— —68*22°, and m.p. $70°-273° (decomp.) 
(Nierenatein, Annalen, 1913, 396, 194). 

Catechutannic acid. In addition to catochin, 


gambier catechu contains a small amount of 
catechutannic acid, and this substance is present 
in considerable quantity m the browner varieties 
of cutch. To isolate it, the following method 
has been employed : — 

A hot aqueous extract of catechu is allowed 
to stand until no more catechm is deposited, and 
the clear liquid is evaporated to dryness. The 
residue is dissolved in alcohol, the solution 
treated with other to precipitate impurities and 
then evaporated to dryness. 

Catechu tannic acid consists of an amorphous 
reddish-brown powder, readily soluble m water 
and alcohol, insoluble in ether. According to 
Lowe (Fr. 13, 12J), it possesses the formula 
<J 2l Hi 8 () 8 , and gives a lead salt 3Pl)0,2t' 21 H lf ,0 g , 
but tins most probably requires revision. 

According to Etti (Annalen, 186, 332), cate- 
ohutanmc acid is an anhydride of catechin, and 
; is derived from this substance by elimination of 
i water. It is said to be produced when an 
J aqueous solution of catechin is heated to 110° 

' (Lowe, ibid. 12, 285), or by boiling catechin 
; with solutions of the alkali carbonates. Agam, 
catechin is decomposed at its melting-point 
with evolution of watei and foimation ot a pro- 
duct resembling catechutannic acid, and aqueous 
solutions of catechm on long standing become 
blown-coloured with upparent formation of this 
compound. That the products obtained by these 
methods lesemble catechutannic acid is certain, 
but the sub|cct has not been fully investigated. 

Catechutannic acid solution gives a precipi- 
tate with lead acetate, and also resembles 
catochiu m giving a green colouration with ferric 
chloride, and the phloroglucmol reaction with 
pinewood and hydiochlonc acid. It is a power- 
ful tanning agent, and appears to differ but 
little from the so-called ‘ catechol ’ tannins. 

Three other catechin anhydrides have been 
described, viz the .scram/ unhydride ( ^,11 c, 4 0 ) a( ? ) ■» 
(Etti), which is produced by heating catechu- 
tannin to J(>2‘’ ; the thn d anhydride C 2 ili ]6 0 7 (?) f 
formed by digesting catechin with boiling dilute 
| sulphuric acid for several hours ; and the fourth 
anhydride, which is obtained by heating catechin 
with hydiochlonc acid at 160°- 180°. Those com- 
pounds consist of i eddish- brown powders, and 
the fourth substance is insoluble, both in alkaline 
solutions and all solvents. A product similar in 
properties to Etti’s fourtli anhydride is readily 
formed by adding sulphuric acid to a hot acetic 
acid solution of catechin (Perkin). A blight 
orange powder almost immediately separates, 
and this, on analysis, gave C— 63 ’26 p.c. ; M = 
3 - 89 p.c. It is interesting to note that the for- 
mation of these red anhydrides, or phlobaphcnes 
j is characteristic of all the catechol (phlobo) 
tannins. 

According to Perkin and Yoshitake, gambier 
catechu contains a small quantity of a second 
catechm, which crystallises in small prisms, 
devoid of water of crystallisation, and melts at 
235°-237°. Its general reactions are identical 
with those of ordinary catechin, and by fusion 
with alkali it also gives phloroglucind and 
protocatechv ic acid. The azobenzene compound 
C 16 H 12 0 # (C c H 6 N 2 ) 2 , orange-red needles, melts 
at 215°-217°. 

Finally, there are present in catechu, certain 
brown substances known as rubinic and japonic 
acids, which, according to some writers, appear 
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to have been formed by the oxidatioli of the 
oatechin. Their chemical nature is, however, 
unknown. 

Oatechin, though largely employed for tan- 
ning purposes, docs not precipitate a gelatine 
solution, and is not itself a tannin matter. On 
the other hand, it is absoi bod by the hide, and 
there gradually passes into catechutannio acid. 

Dyeing Properties. — On cotton, catechu is 


and also of their derivatives, differ widely, as is 
evident from the following table (Perkin and 
Yoslntake) : — 



Acacateehin 

Oatechin 

Pentaacetyl derivative 168°-1G0° 

124°-125° 

Pentabenzoyl , 

, 18I°-183° 

151°-153° 

Azo benzene 

, 198°-200° 

193°-195° 

Tetramethyl 

, 152°-1G4° 

144°-140° 

Acetyl , 

, 136°-137° 

92°-93° 


largely used for the production of the well- | it appears certain, therefore, that oatechin and 
known ‘ catechu brown,’ which is exceedingly I aeacntechm are isomoridoa, and it is possible 
fast to light, acid and alkaline solutions, and that the latter may, on the basis of v. Kostanecki 
also to bleaching powder. To obtain this, ari d Lampe’s formula for catechin, be ropre- 
cotton is steeped m a hot solution of catechu | sen ted thus (Perkin, private communication): 
(1-2 p.c.) to which has been added about (> j> e. ] 

of copper sulphate, reckoned on the weight of ' OH,' \ — (JH(OH) — : 
the catechu employed. The material is allowed j (jll; — 0\ ,m 

to remain m the bath as it cools, and without ! OH’ ' / 8 

washing is then treated in a warm or boiling ! ' J — (1R 2 

second bath containing l or 2 grains of bichro- : 'v*, 

mate of potash per litre. According to Hummel j 

and Brown (J. Soc. ('hem. Jnd. 189(>, 1G, 422), ! a point which should not be difficult to determine, 
in this operation the copper sulphate piobably 1 Bombay or Areca catechu. This variety is 
converts the catechin into catet hutannic acid, I obtained from tho fruit of the Arcca catechu, or 


and this ih subsequently oxidised to japonic acid 
by tho action of the bichromate. The colour is 
apparently mtensibed by the lormation of a basic 
copper chromate (lambiei catechu is also em- 
ployed m dyeing compound shades with log- 
wood, fustic, and alizanp m conjunction with 
bichrome, and with bismarck brown, magenta, 
&c. In the latter case catechu -tannin forms 
the mordant for the basic colour. 

Wool may be dyed with catechu in a similar 
manner to cotton. In silk -dyeing, catechu is 
largely used tor weighting purposes. The silk is 
steeped in basic ferrous sulphate solution, then 
in potassium ferroeyanide and hydrochloric acid, 
which causes the production of Prussian blue on 
the fibre, it is then worked in a strong solution 
of gambler to which stannous chloride solution 
has been added. 

Bengal or Acacia catechu.— Bengal catechu 
is derived from the Acaaa catechu , a tree 1G to 
20 feet high, which is common in most parts of 
India and Burma To isolate the catechu which 
is prosent m the red heartwood, the tree is cut 
down while it is fullest of sap, and the internal 
portion is sawn into small sticks and extracted 
with boiling water. The liquid thus obtained 
is concentrated over a fire, and then allowed to 
evaporate spontaneously in shallow dishes. Tho 
extract thus obtained comes into the market as 
Pegu catechu, Brown cutek, and Brown catechu 
(Crookes, Dyeing and Calico Printing). 

A purer substance, hath, or the pale catechu 
of India, is prepared by suspending twigs in the 
hot concentrated extract and collecting the 
crystals which thus separate. 

Acacateehin C 15 H, 4 0.,3H 2 0 can be ob- 
tained from the acacia kath by methods identical 
with those which are employod for the isolation 
of catechin from gambler catechu. It melts at I 
204°-206°, is somewhat moro sparingly soluble 
in water than catechin, and when fused with 
alkali gives phloroglucmol and prolocatechuic 
acid. The. reactions of acacateehin and cate- 
chin, in so far as they have been observed, are 
identical, and there is no difference in the com- 
position of their derivatives when prepared 
under similar conditions. On the other hand, 
the melting-points of the substances themselves. 


j betel -nut palm, a tree which is common in 
j tropical Asia. 'Though its chief constituent 
I resembles cateehulannic acid, catechin itself 
has not been isolated from this product. It 
possesses a bright-chocolate and sometimes an 
orange-brown colour, and yields, on dyeing, very 
similar results to the ordinary cutches. 

Mangrove cutch. Mangrove cutch is ob- 
tained from the bark of the mangrove Certops 
cundoUeaua, and is oi somewhat recent employ- 
ment. In its preparation it is preferable to 
extract the fresh bark, which is of a light colour 
internally, rather than the stored product which 
has become red, or is said to have ‘ sweated.’ 
The extrat:t, on evaporation, becomes deep-red in 
colour, and the object of the manufacturer is to 
prevent this anhydride formation from going too 
far, otherwise a certain portion of the extract is 
rendered insoluble in water. 

By fusion with alkali, it gives prolocatechuic 
acid, but at present no catechin has been isolated 
from it ( Perkin, private communication). When 
dissolved m sodium bicarbonate solution, acetic 
ester extracts an almost colourless tannin, which 
possesses the properties of a catechol tannin. 

For many purposes, mangrove cutch is com- 
peting closely with the other varieties of catechu, 
and this competition will no doubt become 
keener if its quality can be further improved. 

Mahogany. According to Caseneuve (Ber. 8, 
828), mahogany wood contains a cateohin. 

Kino or Gum kino (see under Kixos). 

A. G. P. 

CATELLAGIC ACID C 14 H„O fl . Scbiff (Ber. 
12, 2G90), on heating protocatechuic acid with 
arsenic acid, obtained a substance which he 
named catellagio acid, and to this he assigned 
the formula C, 4 H 10 O 7 or C 14 H 8 0 7 . Perkin and 
Nierenstoin (Client. Soc. Trans. 87, 1417) obtained 
apparently the same substance by the oxida- 
tion of protocatechuic acid, and also parahy- 
droxybenzoic acid* with potassium persulnhate 
and sulphuric acid. According to the latter 
authors, cateilagic acid crystallises from pyridine 
in colourless needles, Vhieh melt above 360°, 
and sublime with but moderate carbonisation at 
higher temperatures. Solutions of the alkali 
hy&roade* dissolve it with a pale-yellow oolour, 
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and with nitrio acid it gives a magenta-coloured 
liquid. Diacetylcatellagic acid , colourless pris- 
matic needles, melts at 322°-324°. 

Catellagio acid, by distillation with zinc-dust, 
gives fluorene , and is closely related to ellagic 
acid. Its constitution (F. and N.) may be 
expressed as follows : — 

/v 0 CO 

OH/ 


‘ 0-^0 


OH 

From the oxidation products of parahydroxy- 
benzoio acid, Perkin and Niorenstcm isolated, 
in addition to catellagio acid, a second 
compound, C^HyOg, colourless needles, m.p 
above 300°. This, which gives the diaeotyl 
derivative C 14 ll d O fl (0 2 H 3 0) 2 , colourless needles, 
m.p. 2()7°-208°, and by distillation with zinc- 
du*t fluorene, possesses the formula : 

O— CO 

OH '' 


“Q-cooh 0 


OH 

and evidently originates from the interaction of 
one molecule of protocateehuic acid and one of 
parahydroxy benzoic acid A. G P. 

CATHARTIC ACID v . .SeAna leaves, 

CATHARTIN «. Senna leaves. 

CATHARTOGENIC ACID v . Senna leaves. 

CATHARTOMANNITE v . Senna leaves. 

CAULIFLOWER. A variety of Bra^ica ole ra- 
ced, in which numerous imperfect flowers form a 
compact head, which forms the mam edible 
portion. 

An American analysis shows the edible 
portion to contain : " Solublo 

Water Protein Fat carbohydrates Ash 

90-8 I -6 0-8 IPO 0*8 

H 1. 

CAULOPHYLLINE e . Cytisine. 

CAY CAY FAT or COCHIN CHINA WAX 

v . Waxes. 

CAYENNE PEPPER ?•. Resins, 


applied * without mordants). Although em- 
ployed for dyeing purposes alone, the flowers are 
also used in Burma in conjunction with safflower 
and together with turmerio to produce the sul- 
phur-yellow colour or ‘ basanti ’ of Cawnpore. 

To isolate the colouring matters, Perkin 
(Chcm. Soc. Trans. 1912, 101, 1539) digested an 
aqueous extract of the flowers with a little 
hydrochloric acid at 70°-80°, winch caused the 
separation of a reddish -brown precipitate. This 
oollcoted and dried was exhausted with boiling 
alcohol, and the solution on evaporation de- 
posited a small amount of a red microcrystalline 
powder. By re-crystallisation from pyridine 
and removai of an insoluble amorphous impurity, 
tins separated in large orange-coloured leaflets 
which contained pyridine, and became red and 
opaque when washed with benzene or alcohol, 
the pyridine being thus elim mated. 

It melted at 285°-287°, and with cold con- 
centrated sulphuric acid gave a deep indigo blue 
liquid, resembling in this property bixin, the 
colouring matter of annatto, Bixa orellana [ l . c .). 
Tins compound proved to be identical with the 
red colouring matter nycanthin isolated by Hill 
(ibid. J907, 91, 1501) from the flowers of the 
Ny catlike s arben -Indus, to which the erroneous 
in p. 234°- 235° has been assigned. The amount 
which is present m the Toon flowers is very small 
and does not seem to average more than 0*1 p c. 
Though there appears to he little doubt that 
nycantlun and bixm arc closely related, tho 
connection between the two compounds cannot 
be predicted with any reasonable certainty until 
chemists are in agreement as to the correct 
formula of bixin. The analyses of Hill and 
ol Perkm indicate that nycanthm contains 
approximately C=72f>8, H = 7'75, and the 
simplest formula to which this corresponds is 
Among the numerous expressions 
proposed for bixm is, however, that of van 
Hasselt (cf. Annatto), C 29 H 34 0 B , and should this 
eventually prove to be correct, then nycanthm 
is possibly an oxy- or hydroxy-bixin, C 2# H 34 0 B 
(C=72-8; H— 7*1). 

Addition of zinc-dust to the hot orange- 


CEANOTHUS WAX v . Nnowbkush Wax ; yellow coloured alkaline solution of nycanthin 
art. Waxes. causes decolonsation. From this by aeidifica- 

CEDAR CAMPHOR v. Camphors. turn a colourless or faintly yellow precipitate 

CEDAR OIL v . Oils, Essential. I separates, and this, as is well known, is a property 

CEDRA. (Cedrat, Fr.) The fruit of a species | also possessed by bixin. 
of orango, citron, or lemon. The peel is very i Cotton on immersion in a boiling dilute 
thick, covered with an epidermis containing a i solution of nycanthin in sodium carbonate, and 
fragrant essential oil, used for flavouring pre- I subsequently rinsing with acidified water, is 
serves, also used whole for wet comfits, and cut | dyed an orange shade indistinguishable from that 
in quarters for dry comfits. A liqueur is made I given in these circumstances by annatto, a fact 
from it by gathering the fruit before it is ripe, < which again points to a relationship between tho 
and grating the peel into brandy. | two colouring matters. . 

CEDRELA TOONA. The. Ccdrcla loom, the* l The flowers of the Cedrela toorn contain m 
Toon or Indian mahogany tree, is a large tree I addition to nyoanthin a fair amount of quercetin 
50-00 feet, although occasionally reachihg 100 | probably as glucoside, and also a second flavone 


feet in height, the wood of which closely re- 
sembles mahogany and is imported into England 
under the name of ‘ Moulmem Cedar,’ and much 
used for making furniture. It oecurs in the 
tropical Himalaya from the Indus eastward. 


or flavonol dysetuff, the identity of which was 
not ascertained. A sugar, 0 l2 H 22 O u , is also 
present, and this after purification molted at 
105°-168°. 

Cotton and woollen fabrics can be dyed a dull 


throughout the hilly districts of Central and yellow colour by mere immersion in a boiling 
Southern India to Burma, and is also found in extract of Toon flowers. This, however, is not 
Java and Australia. Tttb flowers constitute one permanent, and is removed, although muoh more 
of the less important Indian natural dyestuffs, quickly from cotton than wool, by the action 
and are reputed 4o yield both a red and a yellow of soap or dilute alkali. Better results # are 
dye (known in Bengal as ‘ Gunari,’ wjiich is j obtained by the employment of mordants, and 
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the following shades were obtained wifh mor- 
danted woollen cloth 

Chromium Aluminium Tin Iron 

Dull brownish- Full golden- Bright Dull 

yellow. yellow, yellow, olive-brown. 

During those operations, ny can thin or its 
glucoside apparently plays no part, and the 
colours obtamed are due to the flavono gluco- 
sides present. Not only the flowers but the seeds 
of the Cedrela toona arc stated to give a red dye 
A. G. P. 

CEDRIRET. A substance found in wood- 
tar by Reichenbach and recognised by Lieber- 
mann as a quinone-like substance and termed by 
him cceruhgnmc. Hofmann showed that it was 
tetramethoxydiphenyl quinone, formed by the 
oxidation of pyrogallol dimethyl ether (v. ( Vkru- 
liginonk and Quinones). 

CELERY. Api um yravvolcvs. The blanched 
stems are used for food. 

The composition, as given by American 
analyses, is : 

Water Protein Fat Carbohydrates Ash 

94-4 14 01 3*0 1J 

A more detailed analysis is given by Church 
(Foods, 1889) : 

Starch and 

Water Protein mudlage Sugar Cellulose Ash 

93 3 J-4 l'O • 2-0 0 9 08 

Mannitol is one of the chief carbohydrate 
constituents. Asparagine (about 0-5 p.c.) and 
tyrosine, are among the nitrogenous con- 
stituents (Bamberger and Landsicdl, Monatsh. 
1904, 25, 1030). 

The characteristic odour and flavour of 
celery are due to an essential oil, which, accord- 
ing to Ciamician and Silber (Bur. 29, J799 ; 1897, 
30, 492, 1419), consists of a terpene, probably 
C\ /s H 2 4 I and two acid bodies, mlanomc acid 
CO g H , C # H (1 *CO'C,|H # and sedanohe add 
C0 8 H-C l H g -CH(0H)-Ci 4 H t 
the anhydride of the 

former and the lactone C e H 8 <J^'q ^>0 

of the latter appear to be the constituents upon 
whioh the smell of the celery depend. Palmitic 
acid and a phenolic substance are also present. 

H. I. 

CELERY OIL v. Oils, Essential. 

CELESTINE BLUE v. OXAZINE DYESTUFFS. I 

CELESTITE or Celestine. Native stron- 
tium sulphate (SrS0 4 ), forming orthorhombic 
crystals isomorphouB with barytes (Ba80 4 ). 
The crystals are colourless or yellowish, but 
sometimes they show a pale tinge of sky-hlue, 
and on this accouut tho mineral receives its 
name. The mineral is often very bke barytes 
in appearance, and it is also heavy (sp.gr. 3*9 ; 
of barytes, 4‘5) ; it is most readily distmguished 
by the colour the powdered mineral moistened 
with hydrochloric acid imparts to the BunBcn 
flame. Numerous finely crystallised specimens 
have been found in the red marls of Triassic age 
in the neighbourhood of Bristol, and m the 
sulphur-mines near Girgenti in Sicily. Deposits 
of celestite occur in beds of Cretaceous age over 
a very wide area in Russian Turkestan j and 
the*mineral is found also in Baluchistan. The 
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largest crystals, measuring a foot across, are 
from a cave in limestone on Strontian Island, 
Lake Erie, Ohio. Workable deposits are mined 
in Arizona and California. The mineral is dug 
in numerous shallow pits in Gloucestershire and 
Somersetshire, the production amounting to 
about 20,000 tons per annum, valued at about 
U. per ton. Most of this was exported to 
Germany, where in the form of strontium 
hydroxide, it was used in the refining of beet- 
sugar. It is also converted into strontium 
nitrate for making rod fire in pyrotochny. For 
details respecting the British occurrences, see 
Special Reports on the Mineral Resources of 
Great Britain, vol. in. (Mem. Geol. Survey), 
J 91 5, 2nd ed. 1918. L. J. S. 

CELLOIDIN. Trade name for a purified 
form of pyroxylin. 

CELLOSE (CELLOBIOSE) v. Carbohy- 
drates. 

CELLOTROPIN. Trade name for benzoic 
ester of arbutm. 

CELLULASE v. Enzymes. 

CELLULOID (Pyroxylin Plastic) is a colloid 
composed of soluble nitrocellulose, approaching 
^'laUisf^CjjLOjo in composition, together with 
camphor It is obtained by gelatinising nitro- 
cellulose by means of a solution of camphor in 
ethyl alcohol or a similar menstruum. The 
word ‘ celluloid ’ is a registered trade-mark in 
the United States. The substance was first 
produced by Alexander Rarkes, of Birmingham, 
m England, under the name of ‘ Parkesine.’ 
Parkes was succeeded by Daniel Spill, of 
Hackney, London, who adopted the name of 
4 Xylonite,’ under which name it is still well 
known in Great Bntam. Other trade nameB are 
Fiberoid, Py-ra-lin, Viseoloid, &c. Great im- 
provements in the manufacture, especially in 
mechanical features, were made by John W. 
Hyatt, of Newark, N.J., U.S.A., and the material 
first became a commercial success in the United 
States. 

The nitrocellulose employed is preferably 
made from tissue paper by subjecting it for 
20 minutes or longer to the action of a bath of 
mixed sulphuric and nitric acids containing 
J 9 -20 p.c of water, at a temperature of 30° or 
more. The resultmg nitrocellulose is thoroughly 
washed with water to free it from acids, and 
bleached. The surplus water is then removed. 

The nitrocellulose is then mixed with alcohol, 
camphor, and if necessary, pigments and fillers, 
and thoroughly incorporated m a kneading 
machine. Transparent, material receives a small 
percentage of urea as a stabilizer. The dough- 
like mass is worked and formed into sheetB 
between slightly heated rolls. These sheets 
are consolidated in hydraulic presses heated to 
about 75°C. into a solid cake, from which after 
cooluig sheets of the desired thickness arc cut ; 
or the mass taken from the rolls is placed in a 
heated cylindrical hydraulic press, provided 
with suitable nozzles and dies, from which it 
emerges m the shape of tubes, rods, or the like, 
of any desired cross-section. Rods may also be 
made out of the solid cake previously mentioned, 
by forcing a cutting tool through it. All thus 
material has to be freed from its excess of solvent, 
and is seasoned in rooms, heated to 30°, where it 
is kept for a period of day?, weeks, or months, 
according to thickness. The camphor solvent 
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usually omployed is denatured alcohol, owing to 
the fiscal policy of the countries concerned, out 
wood alcohol, pure grain alcohol, and a mixture 
of one or both of them with fusel oil, or its various 
constituents, have also been widely used. Owing 
to the great fluctuations in the price of camphor 
in recent years, the attempts to make this sub- 
stance synthetically, and to find a substitute for 
it, have been pursued with vigour. Synthetic 
camphor m commercial quantities is an ac- 
complished fact, and is the equivalent, of the 
natural product The search for substitutes was 
begun in the early eighties ; the most suitable 
found so far being acid derivatives ol aromatic 
amines. 

Celluloid is coloured by means of mineral 
colours, lakes, and coal-tar dyes, to reproduce the 
appearance of some more expensive substances, 
such as ivory, tortoise-shell, leather, coral, 
amber, &c., or to replace glass in the manufac- 
ture of articles in which brittleness is a serious 
disadvantage. • A special variety of eelluluid 
is used in tho manufacture of cinematograph 
film. This contains a higher proportion of 
nitrocellulose than ordinary celluloid, and the 
liitrocollulosc is more highly nitrated. 

Colluloid, while highly inflammable, ih non- 
explosive under any conditions to which it may 
be subjected m the work of cutting, turnmg, ui 
moulding, or indeed under any noimal con- 
ditions. Its specific gravity vanes with its 
composition. It is about 1*35 for the unpig- 
mented material. 

Celluloid is plastic at a temperature of 76°, 
and in practice it is usually softened in boiling 
water or on a steam table preparatory to mould- 
ing. This property of turning plastic at com- 
paratively low temperatures, and its hardness 
and elasticity at ordinary temperatures, as well 
as its resistance to the action of water, dilute 
acids and many other agents, constitute its 
great technical value. It is used extensively in 
the manufacture of combs, and other toilet 
articles, knife handles, piano keys, collars, toys, 
and for a great variety of other purposes. 

A relatively less important branch of the 
oelluloid industry is concerned with the manu- 
facture of artificial leather by spreading a 
solution of celluloid on fabric. Celluloid solu- 
tions are also used m the manufacture of patent 
leather, and for metal lacquers, wood enamels, 
incandescent mantle dips, and a variety of other 
purposes where a quick drying water-proof 
transparent or pigmented coating is requmed, 
which may be either hard or llexible. 

For a method of analysing celluloid, .see 
Herve, Caoutchouc et Gutta Percha, 1918, 15, 
9601 ; J. Soc. Chem. Ind. 1918, 686 A. 

J. N. G. 

CELLULOSE, considered physiologically, is 
the main product of vegetable life. It is tho 
preponderatmg constituent of all vegetable 
tissues, and essential to the cell as the structural 
unit. For while the synthesising activity of the 
cell is identified with its protoplasmic contents, 
its main function is the building up of non- 
nitrogenous substances, of which cellulose is 
the chief ; elaboration of cellulose, in fact, is 
synonymous with growth. As an organic 
product it is known to us in the specialised and 
diversified forms of plant structures, which are 
employed in industries either in their original 


form ok* after treatment for separation of their 
fibrous components. 

Cellulose is the basis of our staple textile and 
paper-making industries, and, when modified by 
various chemical treatments, of modem high 
explosives, ‘ celluloid ’ products and ‘ artificial 
silk.’ 

Cellulose, as a component of vegetable food- 
stuffs, and in connection with agriculture, is 
economically important, and is a dominant 
factor of the cycle of processes, organically 
interdependent, of tho vegetable and animal 
worlds. 

By cellulose, as a chemical individual, we 
understand usually the residue from the exhaus- 
tive alternate treatment ot vegetable tissues 
with ulkaluie solvents and weak oxidants. 
Generally, no cellulose is isolated on the large 
seal*' except as the result, of a chemical treatment, 
moro oi less drastic, of fibrous raw materials ; 
and all that we know of cellulose as a chemical 
individual icsults from the study of products so 
obtained. The typical cellulose is the substance 
of bleached cotton, the bleaching process such 
as above described lemovmg the substances 
other than cellulose with which it is associated 
m the plant. So obtained, it is a white sub- 
stance, translucent when viewed under the 
microscope, but more or less opaque in the mass. 
Tins appearance is a consequence oi the peculiar 
form ol the cotton fibre, a fiat thin-walled tube, 
the fibrilla* ol which aio inenibranously disposed. 

The following brief outline of the special 
chemistry oi cellulose necessarily precedes an 
account of its industrial applications, so far as 
they involve chemical principles or processes of 
treatment. 

Cellulose - Generally, the non -nitrogenous 
skeleton ot plant structures. Type : the fibre 
substance of cotton, freed from associated 
' impurities ’ by processes ot (1) alkaline hydroly- 
sis and oxidation .(bleaching) ; (2) digestion with 
hydrofluoric and hydrochloric acids, to remove 
mineral impurity oi ash constituents. 

Composition. — Elementary : C, 44 ‘4 ; H, fi’2 ; 
0, 49 4 ; whence tho empirical formula, C # H 10 O B . 

Constitution.- By solution m sulphuric acid 
as disulphunc ester w|C # H 8 0 3 (S0 4 H) 2 ] and 
ultimate hydrolysis, the colloidal aggregate is 
resolved with formation of dextrose in large 
proportion (Fleehsig. Zeitsch. physiol. Chem. 7, 
523) The identity 

[fi-C,H 10 O 6 ] -f Ji‘H a O = n. C,H 12 0 6 
which has been assumed, has not been verified 
experimentally ; a maximum yield of 90-100 p.c. 
dextrose | theory, Ill’ll], but only mdireetly 
estimated and accompanied by acid products, 
leaves the problem undetermined (Ost and 
Wilkening ; Chem. Zeit. 34, 461). See also 
recent critical discussions (Chem. Soc. Trans. 
1918, M. Cunningham : Cioss and Bevan). 
Cellulose is thus variously regarded : 

J . As a polyhexose anhydride ; (a) aldose, 
(A. G. Green, Zeitsch. Farb. Chem. 3, 97), (b) 
ketose (Fenton ; Cross and Bevan, Chem. Soc. 
Trans. 82, 361, 366). 

2. As a polycyclohexane derivative ; this 
view is based on further considerations of density 
and molecular volume (Cross and Bevan, Ber. 
1909, 42, 2198. 

3. As an egaentially labile aggregate, that is 
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of variable constitution or configuration, vary- 
ing according to the aotion of reagents (Cross 
and Bevan, Chem. Soc. Trans. 85 ; Cellulose 
Researches, ii. 1905). 

Cellulose and water. — Hydration. Constitu- 
tional water is retained by cellulose in the air- 
dry condition. Cotton holds 6-8 p.c., varying 
with temperature and moisture of atmosphere. 
Cotton which has been hydrated by treatment 
with alkalis (mercerisation) or solvents {infra) 
or by prolonged attrition in presence of water, 
shows an increased capacity for moisture when 
air-dry, and retains 9-11 p.c. Conversely, the 
action of condensing acids (liCl,HBr) produces 
modified aggregates (‘ hydrocellulose ’) with a 
lower capacity (3-5 p.c.). Cellulose separated 
from its solutions, or regenerated from its 
derivatives by the action of reagents, shows a 
maximum hydration capacity ; the colloidal or 
gelatinous hydrateR having the composition (in 
contact with water at ordinary temperatures) : 

Cellulose . 20-10 p.c. 

Wat a 1 . . 80-90 „ 

Cellulose and solvents. — Insoluble in all 

neutral solvent liquids, eelluloso is dissolved by : 

1. Concentrated solutions of /.me chloride 
(40-50 p c. ZnCl 2 ), on heating at 80°-] 00° ; when 
previously hydrated, at lower temperatures. 

2. Solution of zme chloiule m twice its weight 
of IICl-Aq (35 }> c HCl)- this reagent rapidly 
attacks and resolves the aggregate. Aqueous 
hydrochloric acid of maximum concentration 
(5>40 pc. HCl) acts similarly (Wilstatter, 
Berl. Ber. 46 (1912) 210) but with fixation of 
negative groups (Cl) m stable union with the 
products (M. Cunningham, Trans. Chem. Noe lx.). 

3. Solutions of cuprammonium hydrate con- 
taining : 

On, as CuOnH 2 0. . . 2 5-3-5 p.c. 

NH 3 (as NH 4 OH) ..15 pc 

Ethylene -diamino -cupric solutions act more 
powerfully (W. Traube, Berl. Ber. 44, 3319 
(1911)). 

From solutions 1 and 3, the cellulose may bo 
recovered quantitatively, but as a hydrate and 
otherwise modifiod in constitution. 

4. Concentrated solutions of certain metallic 
sulphocyanides at high temperatures, 120°- 140°. 

Reactions. — !jjhe above reactions resulting in 
solution of the cellulose are characteristic ; 
otherwise it is exceptionally non-roactive. By 
dilute solutions of iodine, in presence of certain 
dehydrating agents, it is coloured blue 

Cellulose compounds. A. Synthetical 
derivatives. Esters. 

(a) Nitrales. By direct reaction with nitric 
acid, usually in presence of sulphuric acid, m 
which case unstable mixed esters are formed as 
a stage in the reaction, the N() 3 displacing the 
S0 4 H residues (Cross, Bevan and Jenks, Berl. 
Ber. 34 (1902) 3496). The esters aro formed 
without sensible structural modifications. They 
are purified from residual S0 4 H by prolonged 
boiling with water, and are then ‘stable.’ A 
series of these esters is known, the highest- 
approximating to the trinitrate (C # ) (gun-cotton) ; 
the intermediate terms — dinitrate — being soluble 
in ether-alcohol (collodion cotton), the lowest 
having physical properties but little different 
from the original oeliulose. 

These esters are variously ^formulated as 


nitrates of a reactive unit of C t —C ia -~C M 
dimensions. 

Solvents. — The special solvents of these esters 
are acetone, ether-alcohol, nitrobenzene. 

A diversified range of solvents is enumerated 
m a paper by H. do Mosenthal (J. Soc. Chem. 
Ind. 1907). 

Saponification . — By certain alkaline and 
reducing agents (alkaline sulphydrates) the nitric 
groups are eliminated and cellulose regenerated. 

(5) Acetates. By reaction with acetic anhy- 
dride under various conditions: (1) at 110®: 
direct formation of monoacetate (C 8 ) insoluble 
m all neutral solvents and in the solvents of 
cellulose. (2) At 140°-160° : formation of higher 
acetates, attended by solution in the reaction 
mixture. (3) In presence of catalytic agents 
(ZnClj, H 2 S0 4 — H 3 P() 4 ) : at intermediate tem- 
peratures ; H 2 N0 4 determines reaction at 25°-30°. 
The extreme products are mixtures of tri- and 
higher acetates. (4) When the reaction mix- 
tures arc diluted with hydrocarbon, the fibrous 
cellulose may be aeotylated without solution or 
visible structural change. 

Industrially important acetates are the 
acetone soluble esters C J2 H 16 ().-OAo B produced 
by acetylation with mixtuios of Ac 2 0 and II 2 S0 4 . 
These are the basis of aeroplane varnish-dopes. 

Solve ills of the higher acetates, are chloro- 
form, acetone, phenol. 

For an exhaustive account of the industrially 
important types, soc E C. Worden, J. Soc. 
Chom, Ind. 1919. 

Sapomfie/ifion. — The acetyl groups may be 
removed by boiling with alkaline solutions, the 
cellulose being regenerated. In quantitative 
determinations the Bapomtieation may be 
effected by boiling with normal sodium hydroxide 
diluted with an equal volume of alcohol. 

(c) Formates. — Cellulose and formic acid inter- 
act at GO 0 - 100° ; in presence of catalysts the 
reaction proceeds to complete solution. The 
limit of esterification appears to be tho diformato 
(C 8 ), but the product is unstable, decomposing 
spontaneously with liberation of formic acid 
(1 mol.). The reactions are not those of simple 
estor (anhydride) formation ; the celluloses in 
reaction appear to undergo constitutional change 
(Cross and Bevan, J. Chom. Soc. Ind. 1911, 99, 
1450 ; Berl and Smith, Berl. Ber. 1907, 40, 906 ; 
Woodbridge, J. Amer. Chem. Soo. 1909, 31, 
1067 ; Dewing, ibid. 1911, 33, 1179). 

(d) Acid-sulphuric esters. By tho action of 
sulphuric acid An extended series of esters is 
formed, which have been described as cellulose 
sulphuric acids. But they are certainly deriva- 
tives of products of resolution. The first stage 
results in the formation of a disulphuric ester 
C e H 8 0 3 (S0 4 H) 2 , but its relationship to the 
parent complex is doubtful. Tho ester is soluble 
in water ; the Ca, Ba, and Pb salts aro insoluble 
in alcohol. By progressive hydrolysis the 
cellulose iH ultimately resolved in the direction 
of dextrose (see M. Cunningham and pross and 
Bevan, l.c.). 

(e) Aeeto-sulphates and mixed . esters , con- 
taining the S0 4 H residues associated with 
acetyl and other negative gtoups in combina- 
tion, arc obtained whey sulphuric acid is allowed 
to act under regulated conditions simultaneously 
wilh other esterifving agents. Thus a mixture 
of acetic anhydride (50 parts), glacial acetic ^id 
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(60 parts), and sulphuric acid (4-6 parts), acts 
rapidly at 30°-40°. The first product appears 
to be a neutral body of the empirical formula 
(4C fl H 7 O)SO 4 (C 2 H 8 O a ) 10 

and under tho action of water to undergo an 
internal hydrolysis, the S0 4 group becoming 
S0 4 H, winch forms a stable combination with 
bases. The Mg, Ca, Zn salts are insoluble in 
water, but soluble in acetone. 

(/) Benzoates result from the action of benzoyl 
chloride in presence of alkaline hydroxides. A 
monobenzoate (d ft ) is obtained by treating 
cellulose with a solution of sodium hydroxide 
of 10 p.o. (NaOH) strength, and shaking with 
benzoyl chloride. This benzoate is formed with 
only slight structural change. The dibenzoate 
(C«) is obtained by the interaction of benzoyl 
chloride and alkali cellulose (mercerised cotton) 
in presence of sodium hydroxide solution (15 p.o. 
NaOH). Tts formation is attended by structural 
change ; the fibrous cellulose is disintegrated, 
the di benzoate being an amorphous substance | 
The di benzoate is soluble in acetic acid and 
chloroform. 

Mixed ester*, containing the benzoyl and 
nitric residues, result from the action of nitric 
acid upon the benzoates. Simultaneously a 
nitro- group enters the benzoyl residue. 

Alkali cellulose. The fibrous cellulose under- 
goes considerable structural modification under 
the action of solutions of sodium hydroxide of j 
12-15 p.c. NaOH. These reactions and phe- j 
nomena were first studied by Mercer. They are 
the basis of the process of mercensation (q.v.) 
under which cotton-yarn and cloth assume a 
special lustre and silky finish. There is a 
definite synthetical reaction in the rutio 
C 8 H 10 O b : 2NaOH, which is a stage in the for- 
mation of the dibenzoate (supra). 

The compound is completely dissociated by 
water ; by treatment with alcohol an equilibrium 
is reached when the reagents are associated m 
the ratio C 18 H 20 O 10 : NaOH. 

The alkali-cellulose hydrate, of composition : 
Cellulose . . 30 1 eollulose : sodium hydrate 
Sodium hydrate 15 > O 0 H ]0 O 6 2NaOH 
Water . . 55) 

is the first stage In the synthesis of 

Cellulose xanthogenic acid, which results from 
the interaction of the alkali cellulose and carbon 
disulphide at ordmarv temperatures. The 
sodium salt is soluble in water. It is an un- 
stable compound, the solution undergoing 
spontaneous progressive change. The solution, 
which is highly colloidal, finally solidifies. By 
means of the characteristic reaction of the 
xanthates with iodine 

CS <^N*S> S + I = 

- 2NaT + C<g^>CS 

the progress of th$ change may be followed, the j 
essential feature being the elimination of the 
CS t residues with reaggregation of the cellulose I 
units. Well-marked stages in the series occur ' 
at the points denoted by the empirical formula* 
0i,H^ # 0,CSSNa, C 2 4 H 3# p i# -CSSNa. The former j 
represents an equilibrium attained after the j 
solution has remained for some hours at the 
ordinary temperature ; the latter is reached in , 


from tljree to four days. The cellulose under the 
reaction aoquires a more acid character, an 
additional OH group combining with alkali. 
The lower terms of the series, e.q. C 4b H 79 0ji # . 
CSSNA, though insoluble in water or dilute 
saline solutions, are dissolved by the addition of 
sodium hydroxide. The sodium atom in combina- 
tion with the CSS residue is not attacked by 
weak acids such as acetic acid. By double 
decomposition with soluble salts of Cu, Zn, &o., 
the corresponding xanthates are produced as 
insoluble colloidal precipitates. 

In the above reactions the cellulose aggregate 
is maintained ; the solutions of tho derivatives , 
arii viscous and colloidal ; but in the following 

B. Reactions of decomposition, which are 
determined by hydrolytic and oxidising agents, 
the directions of resolution are extremely various, 
and the relationships of the products to tho 
original aggregate are undetermined. 

(a) Sulphuric acid dissolves tho cellulose as 
a disulphuric ester , but decomposition attends 
the reaction, and on diluting and boiling, ’the 
hydrolysis is earned to the extreme molecular 
limit, the final product being dextrose (supra) ; 
but the reactions are not simple as generally 
stated ; they are complicated by relatively 
stable union of the 80 4 H with the resolved 
eollulose ‘ residues,’ and by tendency to reversion 
or condensation. 

(b) Hydrobromir, acid in ethereal solution 
attacks the cellulose profoundly with production 
of brom-methyl furfural. The formation of this 

, compound indicates a previous or intermediate 
j stage m which the products of resolution are 
! molecular ketonic bodies of carbohydrate con- 
; stitution (Fenton, Ohem. Soc. Trans. 1901, 361). 

! (c) Hydrochloric acid, m presence of water, 

| dilute sulphuric acid, and acids generally, attacks 
I the cellulose aggregate with production of a 
i variety of derivatives. (1) Insoluble : these 
are generally termed ‘ hydrocelluloses.’ They are 
disintegrated residues of tho original fibres ; 
they differ chemically from the parent aggregate 
in tho presence of free aldohydic groups, and in 
readily yielding to the action of alkalis. (2) 
Soluble molecular products, chiefly doxtrmes and 
dextrose. 

(d) Alkaline hydroxides and alkalis generally 
in the form of dilute solutions, have little ap- 
parent action on cellulose— e\$n when treated 
at elevated temperatures. Sodium hydroxide in 
solutions of concentrations of 12 p.c. NaOH and . 
upwards, combines with the cellulose, producing 
profound structural modifications (mercerisa- 
tion), but without resolving the aggregate. 

At higher concentration and temperature 
the celluloso is partially dissolved ; but even 
under the conditions of a ‘ fusion * at 1 80° the 
resolution is limited to the conversion into alkali 
soluble modifications, which are precipitated in 
the colloidal form on diluting and aoidifying. At 
higher temperatures (250°) and with larger pro- 
portions of the alkaline hydroxides, the cellulose 
is resolved into acid products of low molecular 
weight, chiefly acetic acid and oxalic acid. 

(e) Oxidants. The directions of oxidation of * 
cellulose are likewise extremely diversified. 
The aggregate manifests considerable resistance 
to alkaline oxidants in dilute form, e.q. solutions 
of the hypochlorites, permanganates ; but when 
the^limit is passed the oxidations whioh result 
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are drastic in the Bense that the soluble products 
are of low molecular weight, chiefly carbonic and 
oxalio acids. The insoluble fibrous residues, 
more or less disintegrated, are known as oxyceU 
luloses. They contain free aldehydic groups, 
are easily attacked by hydrolysing agents, and 
bn boiling with hydrochloric acid (1-00 sp.gr.) 
are decomposed with production of some 
furfural. 

Resolvod by the action of concentrated solu- 
tions of the hypochlorite* , cellulose yields chloro- 
form and carbon tetrachlorides. The liypo- 
bromitci give the corresponding bromine 
derivatives. Nitric acid (1 -2 r > sp.gr.) at 80°-I00°, 
converts cellulose into a series of 1 oxycclluloscs,’ 
which are resolvod on boiling with calcium 
hydroxide into acid products, among which 
tsosacchannic and dioxybutyric acids have been 
identified. In the original oxidation small 
quantities of the higher dibasic aeids — 
saccharic and tartaric acids — are produced, but 
the main products are oxalic and carbonic acids. 

■» With chromic acid an endless series of oxida- 
tions may be effected, the degree of action 
depending upon the proportion of the active 
oxidant and the associated hydrolytic action of 
mineral acids. The oxycelluloses produood an* 
distinguished by relatively large yields of furfural 
when decomposed by boiling HClAq (1 00 sp cr.). 
In presence of sulphuric acid there ensues 
complete combustion, and the reaction is the 
basis of quail titative analytical methods. 

(/) Resolution by foment at t ton* Under 
the aotions of specific organisms the cellulose 
complex is totally resolved, the main products 
being methane, hydrogen, and carbonic and 
fatty acids. The decomposition may be associ- 
ated with the action of an enzyme ; but a 
remarkable feature of tho process is the absence 
of intermediate products, at least in the cases 
hitherto investigated. Tn the digestive tract of 
the herbivora, cellulose is resolved, ami from the 
investigation of the process, necessarily by 
indirect observations, it appears that, m addition 
to a destructive resolution to ultimate gaseous 
products, there occurs a resolution to proximate 
groups of high nutritive value, which are assimi- 
lated by the animal organism. 

(g) Resolution by heat : destructive distillation. 
Cellulose heated at 100°-120° is dehydrated ; 
at 150° decomposition is evidenced by change of 
oolour. At this early phase maltol appoars to 
be formed. Tho decompositions of cellulose at 
temperatures exceeding 250° are necessarily 
extremely complex. 

Tho groups of products show an averago 
proportion : 

Solid 30 p.c. I Liquid 50 p.c. j Gaseous 20 p.c. 


Charcoal or Containing acetic Chiefly 
seudo-car- acid(2p.c.), methyl CO and C0 4 

on alcohol (7 p.c.), 

aoetone, furfural 
(12 p.c.) 

the actual proportions and composition of these 
mixtures varying with the temperature and 
duration of their heating. 

By ‘dry* distillation in vacud of cellulose 


(and starch) large yields of lsevoglucosan are 
obtained. Pictet and Sarasin, Compt. Bend. 
166 (1918) 28. 

General view ot the decompositions of 
cellulose. It is clear that the cellulose complex 
breaks down under destructive influences, in 
directions depending upon the nature of the 
attacking agent, its concentration, and all the 
surrounding physical conditions. The study of 
these decompositions has thrown but little light 
on the actual nature and constitution of the 
cellulose aggregate : for the reason, perhaps, that 
we have endeavoured to maintain a basis of 
interpretation such as is applicable to ordinary 
molecular compounds or complexes. Cellulose 
is a typical amphoteric colloid . its reactions with 
hydrolytic reagents suggest many points of 
analogy with the state of a complex salt in 
solution (in water). Jts component groups of 
unknown, but possibly small dimensions, appear 
to exist under a certain internal stross which 
determines migrations of H and OH under 
reaction. While, therefore, we have reduced the 
reaeliuns of cellulose to a short systematic 
expression, it is dear that the main aspect of 
the subject cannot effectiTally be so treated, 
because it involves as theoretical basis the 
actual state of matter and the dimensions 
and distribution of the reactive unit-groups in 
the cellulose complex ; and this basis is, as yet, 
largely undetermined (see Cross and Bevan, 
Cellulose Researches, 1905 , 1910). 

The cellulose group. From the typical 
cellulose we pass to the diversified group of 
celluloses. Their general characteristics are 
those of the prototype ; tho variations they 
present are especially such as involve the unde- 
termined factors of constitution. With these 
there are certain correlative variations which 
afford an empirical basis of classification. These 
are (a) the degree of resistance to hydrolytic 
and to oxidising agents ; ( b ) the percentage 
yield of furfural when decomposed by boiling 
HClAq ; (c) elementary composition, in respect 
of the ratio 0 : 0. 

The fibrous celluloses are grouped as follows : 


— - 


— ' ‘ 




Wood 

Cereal 


Cotton 

cellulose 

cellulose 


sub-group 

sub-group 

sub-group 


A. 

B. 

C. 

Type. 

Bleached 

Jute 

Straw 

cotton. 

cellulose. 

cellulose. 

Hygroscopic 

. 



moisture 

6-8 p.c. 

9-11 p.c. 

9-12 p.o. 

Elementary 
composition 
C: O 

/ 44'0-44’4 
\ 500 

43-0-43'5 

610 

43’5-44'5 

52-60 

Furfural 

0-1-0- 4 

3-0-6-0 

120-15-0 

Other cha- 

No active 

Some free 

Variable 

racteristics 

CO groups 

CO groups 

reactivity of 
*CO groups. 


See Esparto Cellulose and the Problem of 
Constitution : Cross and Up van, Chem. Soo. 
Trans. 113 (1918) 182. 

Of these groups the following points may be 
noted : — 

A. Comprises, in addition to cotton, other 
industrially important celluloses, e.g. flax, temp, 
and rhea. They occflr in the plant- world m 
association with compounds easily removed by 
the action of alkalis. They pass through the 
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cycle of reactions involved in their solution as 
xanthates, without hydrolysis to soluble deriva- 
tives. 

B. These celluloses are obtained as products 
of decomposition of a compound cellulose. They 
may be regarded as partially hydrated or hy- 
drolysed. They are more readily attacked by 
hydrolysing agents and, in the xanthato reactions, 
arc partially resolved to alkali -solubl(;;derivatives. 

C. These celluloses are in most cases a 
complex of structural elements, and not homo- 
geneous chemically. They are still less resistant 
than the preceding group, and more especially 
the furfural -yielding components, which are 
selectively attacked under certain conditions 

The cellulose groups, as above, pass by 
imperceptible gradations into a heterogeneous 
class of natural products, which, while possessing 
some of the characteristics of the celluloses 
proper, arc so readily resolved by hydrolytic 
treatment that they must represent a very 
different constitutional type or types. To tins 
group of complex carbohydrates the class-name 
hemic ellulosc has been assigned They are 
structurally different from the fibrous celluloses, 
occurring mostly in the cellular form (paren- 
chyma, &c.). They differ in physiological 
function, and in being readily resolved by 
hydrolysis into tho crystalline monoscs. 

The foregoing expose will enable us to group 
the industrial and manufacturing/ applications 0/ ' 
cellulose, in reference to first principles as 
follows : — 

General. — The uses of the fibrous celluloses, 
more particularly of cotton and the cotton group, 
in which we may include flax, hemp, and ramie, 
depend, apart from tho primary condition of 
length of ultimate fibre, upon the extreme 
chemical resistance of the fibre substance, which 
is a function both of tho constitution of the 
ultimate groups and of their mode of union to 
constitute the aggregate itself. 

Insensitiveness to oxidation is an obvious 
condition of such stability as is roquired for 
textile fabrics and paper, and, as evidence of 
resistance to atmospheric oxygon, we have the 
fact that flax and cotton fabrics and papers 
composed of these fibres have been handed down 
to us from antiquity, with little change. Next 
in order of importance is resistance to water 
and alkalmo hydrolysis. This resistance enables 
textile fabrics to withstand periodical cleansing 
or laundrying. in which alkalis aro tho principal 
agents. In tho purifying of textile fabrics by 
the bloaching processes and the preparation of 
paper pulps, the same negative qualities aro of 
first importance. 

Textilos are subjected to severe processes of 
alkali treatment, and to the action of bleaching 
agents, such as hypochlorites, without evident 
chemical or structural modification. 

On the other hand, there is a limit of the 
resistance to oxidation, and any unduo action of 
the ordinary bleaching solutions loads to the 
formation of ‘ oxycellulose,’ and structural 
weakening as an attendant result. 

While extremely resistant to alkalis, the 
celluloses are sensitive to acids, and here again 
in bleaohing, finishing, and dyeing processes, 
the incidental acid treatments roquire careful 
adaptation to the limit of sensitiveness of the 
oellulose. 


Special . — Constitutional moisture and hy- 
dration effects. These involve a range of pbeno- 
mena of obvious industrial importance. The 
normal moisture of cellulose has to be taken 
into account in tho finishing of textiles, and 
their package for shipment. The condition of the 
fibres as regards hydration, of which the capacitf* 
for combining with atmospheric moisture is an 
index, directly affects the finishing processes 
which are chiefly the mechanical operations of 
mangling, calendering, and beetling. 

The further hydration of the celluloses which 
takes place m the beating operations of the 
papermaker is of considerable practical im- 
portance, and affect the quality and character 
of the papers in a very great degree. 

Cellulose and ash constituents. The normal 
ash of the cellulose of the cotton group is small 
in proportion, and we arc not able to affirm that 
these inorganic constituents have any determin- 
ing relationship to the constitution of celluloses, 
though this is an accepted probability. 

It is a problem for colloidal chemistry to 
establish this relationship in specific terms. 

1 udusti lally , the question arises only with regard 
to the aggregate. 

Thus in the purest iorin of cellulose required 
as filter paper for the quantitative separa- 
tions by chemists, it is of importance that 
the asli components should Ik* reduced to a 
minimum. 

This minimum of O’Oo p.c. by weight, is 
| attained by digesting tho cellulose with hydro- 
1 fluoric acid and hydrochloric acid, and thoroughly 
washing the paper in pure water. 

Pure unsized cellulose paper thus treated 
constitutes the well-known ‘ Swedish ’ paper, 
so called from its country of origin, but now 
produced m this country and other centres. 

Cellulose as a typical colloid enters into 
characteristic combinations with inorganic 
oxides, and this property is an important basis 
of the processes of the dyer and printer. 

Oxides of the polyvalent metals, notably of 
aluminium, chromium, iron, tm, and lead, aro 
taken up by the celluloses from solutions of 
their salts, and the cellulose thus mordanted 
has increased special affinities tor colouring 
matters. 

A more special industrial application of this 
proporty is tho method for making the mantle, 
now in common use for intensifying coal-gas 
illumination (Auer-Welsbaeh). The colloidal 
oxides of thorium and cerium in suitable pro- 
portions are fixed upon cellulose fabrics, 
which are then dried and ignited. The result 
is an inorganic skeleton of the original fabric, 
prepared in any desired form, and composed of 
the oxides in question. 

Tho particular form fulfils the conditions of 
maximum iliummating surface, together with 
the desired degree of mechanical resistance to 
stand shock and wear and tear under the par- 
ticular conditions of employment. 

Cellulose and solvents. It is in the solutions 
of cellulose or its derivatives that the particular 
properties of the cellulose aggregate are evident. 

In tho case of the aqueous solvents observa- 
tion shows that the cellulose, employed as fibre, 
passeB through phases of progressive hydration 
with considerable distension until the final stage 
of homogeneous structureless solution is reaohed. 
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The general character of the solutions is 
(pyeir high viscosity, whioh imposes a limit of 
%0m 7 to 9 p.o. cellulose for solutions which 
require filtering. 

The technical applications of these solutions 
aid -upon the fact that the cellulose is 
ght into the plastic homogeneous structure- 
less condition, in which it may be formed or 
shaped at will, and in finally reverting to the 
solid state preserves its structural continuity 
through the successive phases of dehydration. 

The solution in zinc chloride has been used 
for making threads to be carbonised for electric 
inoandesconce lamps. 

The solution is forced through narrow orifices 
into alcohol, which precipitates the celluloso as a 
transparent hydrated solid, retainmg zinc oxide 
(hydrate) in combination. The solid hydrate is 
formed and manipulated in continuous length, 
and, when freed from zinc oxide and dried, is a 
structureless cylinder of cellulose. Heated out 
of contact with air, it is converted into a ‘ pseudo- 
carbon,’ which constitutes the filament m 
quostion. 

The soluLon of zme chloride in hydrochloric 
acid has been employed for converting cellulose 
papers into a special agglomerated product or 
board, which is used as an insulating material 
and for structural purposes. The sheets 01 webs 
of paper are treated with the solvent by immer- 
sion, and the material thus attacked is then 
'welded into the composite fabric by means of 
. f^iiQ adhesion of the viscous cellulose solution 
- resulting irom the attack. 

■ The composite sheets or webs so produced 
are finally compacted by pressure, and then 
exhaustively washed to remove the solvents. 

■ . Cupr ammonium. There aie various indus- 
trial applications of this characteristic solvent. 
Textile materials are treated by passing through 
the solution. The cellulose is attacked super- 
ficially, and under the pressure of rolls the 
, gelatinised product is distributed uniformly : the 
fabric is then dried. The iabrio is thus coated 
with a varnish composed of eellulose and the 
hydrated copper oxide, of greenish colour which 
renders the fabric impervious to water and rot- 
proof. 

Tapers are similarly treated ; the sheets or 
webs being welded together under pressure. 
These fabrics have boen known for a number of 
years as the ‘ Willesden ’ waterproof fabrics. 

The most important industrial application of 
the - solution is in the manufacture of artificial 
cellulose threads, which are produced in various 
grades of fineness, and known as ‘ Artificial Silk,’ 

* Monofil ’ (Lustra Cellulose, Soie A’rtifioiellc, 
Glanzstoff, Crin). 

The process m its simplest form consists of 
the production of the solution by treating 
bleached cotton with the cuprammonium 
solvent, and filtering through fine metal-wire 
clvth to remove incidental impurities. 

The solution is projected through orifices of 
varying diameter, according to the size of the 
threads to be produced, into solutions which 
precipitate or coagulate the cellulose. 

The setting solutions are of two types, acid 
and alkaline. 

The cellulose is precipitated as a hydrated 
solid, in continuous length, and is drawn forward 
at speeds varying from 20 to 50 metres per 
vol 


minute, according to the diameter of the thread 
and the conditions of the precipitation. 

In the case of fine filaments, constituting 
artificial silk, several of the threads so produced 
are twisted together to form a compound filament 
or yam suitable for weaving purposes. The 
products are dried under special conditions, to 
secure maximum lustre and elasticity. 

Cellulose esters. The application of tho 
nitrates to high explosives is an application of 
cellulose that stands apart and depends, of 
course, upon the fundamental chemistry of the 
product. 

The ratio of oxygen is such that the products 
contain the elements for their complete conver- 
sion into gaseous products when raised to the 
reactive temperature. 

The mtrates in the fibrous form in which 
they are produced, are explosives of the dis- 
ruptive or blasting type, and were exclusively 
so used for many years 

The type of explosion required for the pro- 
pulsion of projectiles, is a restrained or graduated 
combustion, which is determined by a change of 
form of the mtrates. These are convertible 
mto plastic modifications under the action of 
their specific solvents, and in this state they may 
be formed or fashioned into threads, cylinders, 
or solids of any desued form or dimension. The 
combustion of these structureless solids, in its 
aggregate explosive effect, may be made to fulfil 
any desired ballistic conditions. 

The most interesting case is that of the 
employment of nitroglycerine, itself a high 
explosive, and the basis of dynamite, to reduce 
the cellulose nitrate, acting as a solvent, to the 
structureless condition. 

Mixtures of nitrocellulose and nitroglycerine, 
in suitable proportions, are drawn to t hreads and 
constitute with certain admixtures the modern 
explosives cordite, balhstite,&o. (we Explosives). 

The cellulose nitrates, treated with neutral 
solvents and subjected to a process of milling, are 
reduced to a structureless plastic mass. This 
may be reformed into solid substances which 
may be produced in any desired form or dimen- 
sion. In sheets or film they constitute the basis 
or transparent carrier of photographic emulsions. 

In solid form they are known as celluloid, 
xylonite, &e , and find ondless applications both 
useful and ornamental (i\ Celluloid). 

The solutions of nitrates in neutral solvents, 
such as ether-alcohol (collodion) or amylpcetate, 
are used as varnishes and lacquers for various 
purposes. 

Tho cellulose nitrates in ether-alcohol 
solution are employed industrially in the manu- 
facture of artificial silk. 

This, in fact, was the pioneer invention * of 
Chardonnet,’ and dates from 1883. The process 
of spinning consists in forcing the solution 
through capillary glass jots, either into air 
(Chardonnet) or into water (Lehner). 

The thread is thus formed*and obtained as 
a nitrate, in which form it is twisted into com- 
pound textile filaments, wliioh are reeled into 
skeins of yam. 

A process of saponification for removing the 
nitrie groups follows. This consists in digesting 
the nitrate yam in solutions of ammonium- 
magnesium sulphydrates at ordinary tempera- 
tures. 


X 
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Ab a result of the cycle of operations, the 
denitrated cellulose is obtained and constitutes 
the artificial silk of commerce. 

The xanthogenic esters of cellulose in 
aqueous solution (viscose) are the basis of the 
production of artificial textile fibres, and the 
viscose artificial Bilk 1ms displaced the pioneer 
product as well as to a great extent the cupr- 
ammonium product (Glanzstoff). The manu- 
facturing process comprises the following opera- 
tions : — 

(1) Wood cellulose is converted into alkali- 
cellulose (hydrate). 

(2) Alter ageing, the product is treated with 
carbon disulphide in closed vessels. 

(3) The xanthato is dissolved and filtered, 
and after ageing is projected through fine 
apertures into acid solutions, which cause rapid 
decomposition and reversion to ‘ cellulose.’ 

(4) The reprecipitated cellulose hydrate is 
dried and dehydrated under strain. 

For a full description, sec L. P. Wilson, 
J. Soc Chom. lnd. 1917, 817. 

Cellulose acetates are the analogues of the 
nitrates with the radical distinction of being 
non-explosive, and, in fact, eminently stable 
compounds. 

By treatment with their special solvents, they 
are dissolved to homogeneous viscous solutions, 
and they may bo fashioned mto films and boIuIs 
as are the nitrates. 

So far the industrial applications of the 
acetates have been limited chiefly by the | 
prohibitive costs of production. 

One important application, however, pro- 
duces results so very much sui generis and m 
an arena where costs of production are a minor 
consideration, that it has led to extensive 
developments of the manufacture. Solutions 
of the acetate (0-8 p.c.) in ‘ organic ’ solvent 
liquids constitute a viscous varnish-dope, which 
when applied to a (stretched) fine textile, cotton 
or flax cloth, produties a considerable shnnkage, 
and this under strain, as on the wing planes of 
the aeroplane, gives a taut, smooth surface, at 
the same time waterproofing the fabric and thus 
fulfilling the exactmg technical specification of 
the effect required for these special and highly 
specialised structures. 

The acetate is also used as a varnish covering 
of fine wire used m electrical construction. The 
acetate iB a high insulator with exceptionally low 
inductive capacity. 

Cellulose acetate has already been spun to 
artificial silk and coarser toxtile threads, but 
there has been so far no industrial development 
of the processes. 

The technical interest of such a product is 
that it is employable as an ester, whereas tho 
nitrate is entirely unsuitable, as such, for textile 
applications. 

Cellulose and alkalis (M ercerisation). The 
action of alkaline hydroxide in strong solution 
(15-20 p.c. NaOH) upon cotton textiles, is the 
basis of a special industry. By converting the 
ootton fibre into the modified form, cotton yams 
and fabrics are changed in appearance and 
acquire a silky lustre and touch. 

The goods to be ‘ mercerised ’ are passed 
through a solution of caustic soda in the cold. 
This produces the effect of considerable shrink- 
age accompanying the change of form and ! 


dimensions of the ultimate fibre, from a flat 
membranous, to a thick-walled cylindrical 
homogeneous tube. 

This shrinkage is resisted by placing the 
goods under the condition of mechanical strain, 
either during the process of alkaline treatment, 
or, after allowing the shrinkage to take place, 
the goods may be afterwards stretched to their 
original length. 

The fundamental observations which con- 
dition this process were made by J. Mercer 
(1850-1860), but they remained undeveloped 
until late m the century (1880-1890). 

The industry is now a considerable one, and 
is to a certain extent mdependent of fashion 
(?ee Mercerising). 

Cellulose and sulphuric arid. Whereas cellu- 
lose reacts with the more concentrated acids 
(H 2 N0 4 — H a S0 4 ,H a 0) to form sulphuric esters, 
the acids of 07 0 to 78 0 p.c. H 2 S0 4 (appreffti- 
matolyH 2 S0 4 ,2H 2 0— II 2 S0 4 ,3H 2 0) hydrate, and 
dissolve the cellulose to a colloidal solution, from 
which, if immediately diluted, the cellulose is 
precipitated as a gelatinous hydrate (‘ Amyloid ’). 
These reactions are industrially applied m the 
preparation oi ‘ parchment paper,’ or ' vegetable 
parchment.’ A pure cellulose paper is passed 
through a hath of acid, and immediately, in 
continuous length, mto water, which arreBtB the 
action of tho acid and reprecipitates tho cellu- 
lose superficially dissolved as a structureless 
colloid. After washing from the last traces of 
acid, the web of now parch mentised paper is 
dried under special conditions of strain to control 
the slumkago of width (10-13 p.c.), so as to 
maintain an even surface and prevent deforma- 
tion. To overcome the brittleness of the 
product, which would result from total drying, 
it is treated with solutions of neutral hygroscopic 
substances, such hb glycerol or glucoso, before 
passing on to the drying cylinders. A sufficient 
( proportion is retained m the finished product to 
ensure a normal ‘ humidity.’ 

The total hydrolysis of cellulose to ferment- 
able ‘ sugars ’ is effected by dissolving in the 
more or less concentrated acid, and, after allow- 
ing the acid to act until the solution becomes 
limpid, diluting and heating the dilute solution. 
The acid is neutralised with chalk, filtered from 
tho insoluble calcium sulphate, and concentrated. 
The industrial value of this process is obviously 
limited by the relatively low values of starches 
and the more economic conversion of these by 
simpler moans and to superior products. 

The compound celluloses (Vegetable fibres). 
While the simplest form of vegetable life is 
the cell, and the cell is, moreover, the uni- 
versal originating unit, wo observe, as we 
ascend the scale of plant organisation, an in- 
creasing variety of differentiations of this sim- 
plest structural unit graduating into the fibres 
and vessels of the stems of the higher flowering 
plants. It is to the presence of such elongated 
cells as warrant tho designation ‘ fibre ’ that 
these stems mainly ow r e their powers of bearing 
strains and resisting fracture. The uses to which 
these fibres are put in the arts depend upon the 
same characteristics of form, and obviously also 
on the nature of the fibre substance. So too 
the anatomy of fibrous stems is neoessarily 
a main factor of the processes by which they are 
treated for the isolation of the fibres. We must 
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here except from the general anatomical view we 
are about to take the most important of the 
' vegetable fibres, viz. cotton, which as a seed hair 
is distinct physiologically, and differs structu- 
rally from all other fibres employed for textile 
purposes. 

The ‘ultimate’ fibre is a hollow tube, the 
walls being thin and membranous ; it is attached 
at one end to the testa of the seed, the other 
being free, and there is no adhesion of the fibres 
to one another. Tho preparation of the textile 
fibre involves, therefore, only a mechanical 
treatment, and that of tho simplest kind, for 
separating it from the seeds. The other vege- 
table fibres employed in the arts are without 
exception constituents of complex structures 
(stems and leaves) which require a more elaborate 
mechanical operation for their separation, in 
addition in many cases to a preparatory chemical 
treatment. 

Tho fibres of stems are arranged according 
to the two main structural types of growth, 
the exogenous and endogenous In the exogen- 
ous stem of annuals (dicotyledonous) thoy con- 
stitute a localised tissue, the hast, which is an 
annular ring external to the wood and beneath 
the cortex. In the endogenous stem the fibres 
proper (bast fibres) are generally aggregated to- 
gether with vessels into bundles known as fihro- 
vascular bundles, which are scattered more or 
less irregularly throughout the cellular matrix. 

In regard to tho loaf, tho two great divisions 
of the phanerogams are also contrasted ; the 
fibro-vascular bundles of tho formor are not only 
irregularly disposed, but interlaced (retieulato 
venation), whereas the leaves of the typical 
monocotyledon are characterised by a parallel 
arrangement of tho bundles, and fulfil, therefore, 
a nocessary condition of separation for tex- 
tile purposes. Fibres of this class are amongst 
tho most useful that we have. Thore is a dis- 
tinction to be noticed, though rather of a techni- 
cal than anatomical nature, botwoon the vege- 
table fibros and ‘ fibrous substances ’ . By the 
former we understand isolated bast fibres or 
fibro-vascular bundles, such as can be spun into 
a continuous length or yarn. A fibrous substance 
is any vegetable structure containing fibres. 
Many of those do not admit of being economic- 
ally treated for the isolation of a textile fibre, but, 
on the other hand, are resolved by suitable 
chemical treatment into a fibrous mass or pulp, 
available for paper making. Many of our most 
valuable raw materials for this industry are of 
this nature. We may further distinguish, 
according to the above classification, (1) exo- 
genous bast tissues, such as those of tho Adan- 
sonia and Broussonetia (paper mulberry) and 
entire stems (woods) ; and (2) endogenous 
stems (straws and bamboo), and leaves (esparto). 
In this more miscellaneous group also we should 
includo the refuse from the preparation of textile 
fibres, such as the root ends of jute (butts), 
the waste from the flax-scutching process 
(infra), See. 

We have already excepted the cotton fibre 
from the above classification, indicating a struc- 
tural as weft as a physiologioal distinction from 
other textile fibres. These are, in fact, always 
obtained and spun in the form not of ultimate 
fibres, but of bundles of these. The ultimate 
bast fibre is also a hollow tube, but more or less 


thick walled and with tapering extremities ; in 
section it is seen to be cylindrical or polygonal. 
The dimensions are remarkably uniform for the 
bast of any given plant or species, but exhibit 
wide variations from species to species. Thus 
the average length of the bast cell of jute is 
3 mm., and of flax 28 mm. The textile * fibres * 
are aggregates of these ultimate fibres, and it is 
convenient to employ for them the special desig- 
nation of filament. This complex Bpinning unit 
varies in the number and degree of cohesion of 
the constituent fibres. These variations even 
in the same plant or species aro very consider- 
able, but moro so as we pass from species to 
species. Expressed in another way, the textile 
fibres vary very much in regard to fineness 
and divisibility of the filaments. Those, it is 
scarcely necessary to say, determine in a very 
important sense their spinning qualities. The 
nature of the fibre substance is a self-evident 
factor of the mechanical properties of the 
filaments ; and lastly, though less obviously, 
the length of the ultimate fibre, which greatly 
influences tho strength and durability of the 
yarn. 

To tho spinner the chemical composition 
and properties of tho fibre substance may appear 
of altogether secondary importance ; but they 
aro obviously of first importance in regard to 
the application of tho yam, as of tho goods 
wovon from it. Supposing them put into use 
without further preparation, tho durability of 
the fabrics will depend upon their resisting the 
disintegrating action of air (oxygen) and water, 
reinforced by heat and light. But a large pro- 
portion of the textile fabrics of commerce aro 
supplied to tho consumer in the bleached state, 
tho process of bleaching consisting in the re- 
moval, by a more or less drastic treatment with 
reagents of those fibre constituents to which tho 
colour of the raw material is due. These pro- 
cesses beuig the subject of a special article, we 
shall not require to deal with them at all in 
detail. The principles underlying them, how- 
ever, have a close and obvious connection with 
the properties of cellulose, and the relationships 
subsisting between the cellulose of the vegetable 
fibres and the non-cellulose constituents with 
which each is associated in tho plant ; and from 
this point of view we proceed to give a short 
account of the 

Chemistry of the Compound Celluloses. 

There are many reasons for regarding oellulose 
and tho non-cellulose constituents of vegetable 
tissues and fibre substances as united chemi- 
cally. While this is certainly true of the cuto- 
celluloses (infra) there is evidence that in tho 
ligno celluloses the bond of union is rather 
thaf of mutual interpenetration or ‘ adsorption.’ 
At the same time the combination is equally 
resistant to reaction as that of a union of 
‘ residues ’ in the strictly chemical sense. 
Taking cellulose as the constantf the basis of our 
classification of the compound celluloses will be 
the nature of the non-cellulose, the character- 
istics of which are as distinct as they are general. 
Physiologists recognise three ‘ modifications ’ 
of cellulose in the plant, and these we term 
‘ compound celluloses.’ We shall find the 
distinguishing chemical features of the three 
groups of compound celluloses as well marked 
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as their functional correlations, and the corre- 
sponding classification has a ‘ natural 1 in 
addition to its chemical significance. We 
shall consider lirst the group which is of least, 
because of only incidental, importance m relation 
to our subject. 

Cutocelluloses (Adipocelluloses). The pro- 
tective tissues of plunts, which are, moreover, 
cellular rather than fibrous, viz. cork and cuticle, 
are composed of a substance of marked water - 
resisting characteristics. In this property, as 
well as in empirical composition, the cutieular 
substance designated cutose by Erorny resembles 
many of the waxes. The following percentage 
numbers are the results of the analysis of the 
cuticle of the upple purified from wax and 
adventitious matters: (1, 73-00, 11, II -37; 

0,14-97. 

Cork is not a simple substance, but contains 
a number of products, wax, fatty esters and ! 
anhydrides, proteid residues, and tannins, &o., I 
associated with the matrix or skeleton substance, ! 
which is of the nature of eutose. Loth eutose ! 
and cork yield a residue of cellulose u hen fruited 
With special reagents (sulphites) lor the resolution 1 
of its union with the wax-like non -cellulose. The ; 
latter 1 is resolved by boiling with strong solutions 
of the alkalis into two fatty acids, a solid and J 
designated steumeutx and a liquid called o l<<>- 
cutic acid. The investigation ol these cutieular 
substances has not been aulheiently extended to ! 
warrant our entering into further detail in | 
regard to their composition and pioperties 
We may regard them as compound celluloses 
resolved by alkaline saponification into cellulose 
and a mixture of fatty acids ol jieculiur propel - 
ties, but altogether unknown constitution 
They may he conveniently grouped under the | 
term adi-pocdluloha,, which bioadly expresses 
their chemical relationship As regards then 
distribution, they occur chiefly m flic epidermal 
and cortical tissues of ]ea\es and stems, but the 
observations of Fromy lead to the conclusion | 
that they are by no means confined to these, ' 
and there is evidence of their presence, if only I 
in minute proportions, in the fi bios themselves , J 
but their occurrence, chemically speaking, may j 
be regarded as adventitious, the fibre substances j 
belonging to essentially different classes of com- i 
pounds. These adipocelluloses, moreover, in j 
most of the technical applications ol vegetable I 
materials which come within the province of j 
this article, have to be got rid of. An instance 
of an epidermal tissue (cutocfcllulose) used as 
such is the Raffia, which consists of the cutieular 
tissues of Raphut rujjia, which m horticultural 
work replaces the linden bast or ‘ bass ’ of a 
former age. A more exhaustive investigation 
of Raffia as a type of cutjeulariscd tissue lias 
established the constitution of the cuto-celluTose 
of the mixed tissue as an ester of an oxidised 
‘ cellulose ’ and a fatty acid 

C , ? H , ,V 3 = <' , 0 M, 0 (OH) -coon 

But investigations in this field arc complicated 
by the resistance of the mixed tissues to 
proximate resolution ; the true euto-eellulose 
when obtained is more or less modified by the 
ohemical treatments re<f*iisd for its separation, 

i According to Fremy, It Is the eutose ItRelf which is 
sc* resolved, bub the author’* experiments have always 
yielded a iMldue bf cellulose. 


and tile yields are small (Cross and Bevan, 
J. Soc. Dyers, 1919, 36, 70). 

When the textile fibres are isolated from com- 
pound structures this is accomplished for the 
most part by the mechanical processes of pre- 
paration, scutching, buckling, &c. When, how- 
ever, the tissue intervening between the fibres 
and the cortex or epidermis is of small extent, 
the separation is never complete. In flax, for 
instance, residues of the epidermal tissue remain 
associated with the fibre, and the l dative diffi- 
culty ot attacking these substances by chemical 
j means is a factor of the laborious process of 
bleaching linen goods. In isolating the so-called 
New Zealand ‘ flux ’ much greater difficulty 
is expei lenecd. This tibie consists of the fibro- 
vaseuiai and othei fibre bundles of the sword- 
shaped leaf of the rhormium lenax, and those 
are m such dose and intimate contact with the 
epidermal tissues that t lie i r isolation is always 
very incomplete. In those raw materials of the 
paper maker which consist, ot the stems and 
loaves of monocotyledons (straw and esparto), 
the epidermal adipocelluloses constitute a sen- 
sible piopoition. They are resolved in tins caso 
by chemical means, which require to be much 
inoie drastic in consequence. The fibrous por- 
tions of these materials, on the other hand, are 
made up of a eoiu pound cellulose belonging to 
the next group which we shall have to consider, 
an important < haractenstie of which is the com- 
paralivc ease with which they are attacked and 
resolved bv alkalis Although, therefore, the 
connections of these cutieular celluloses with 
the Jibies'aTc foi the most part only indirect or 
incidental, we see m the typical instances above 
cited that they have to he taken into account 
in relation to a great number of the treatments 
of cdlulosic law lmitei mis, both mechanical and 
chemical. 

Pectocelluloses. Tins, the second division 
of the compound celluloses, is characterised by 
the nou-'-elluloHo constituents belonging to the 
group ot peette substances or pectins. The 
pectins arc carbohydrate-colloidal aggregates or 
supposed complexes of hexosanes and pentosan es, 
with a small proportion of acid groups combined 
as lactone or cstei. Sensitive to acid hydrolysis 
and ferment actions, they occur naturally m 
the most varied forms. Thus in fruit juices 
they exist as colloidal mpy solutions. In the 
more permanent, fibrous tissues they are insoluble 
m water (Tollens, Annalen, 286, 278-292 ; 
Cross, Ber. 1896, 2609). 

In composition they are more complicated 
than the celluloses, and they contain less carbon 
and more oxygen. In this and in many of 
their properties they resemble the oxyeelluloses 
above described. (Generally, they yiold gela- 
tinous hydrates, and under the action of hydro- 
lytic agents they undergo a succession of changes 
resulting m the conversion of the comparatively 
inert members of the scries pectose and pectin 
into highly acid derivatives, such as pectic and 
metapeotic, acids, bodies which, in addition to 
being acids, have properties indicating the pre- 
sence of aldehydie groups. 

The typical pectocellulose is the flax fibre. 
The purified bast of a Russian flax was found 
by Kolb to contain C, 43*7 ; H, 6*9 ; 0, 60«4. 

On boiling with dilute alkaline solution about 
20 p.c. of its substance is readily converted into 
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soluble derivatives, of which a considerable pro- 
portion is a body identical with Fremy’s pectic 
acid (C 42-0 p.c. ; H=4*8 ; i.e. 0 1S H 22 0 U ). The 
fibrous residue from an exhaustive treatment 
with alkaline solutions, amounting in most 
flaxos to about 75 p.c. of the original weights, j 
is approximately pure cellulose. In this experi- 
mental account of its constitution we disregard 
such adventitious admixtures as euticular tissue 
(adipoeellulose) and wood or ‘ sprit ’ (lignoeel- 
lulose), the influence of which may be calculated 
and eliminated from the result ; but the presence 
of these in commercial flax introduces complica- 
tions of very great moment in regard to the 
spinning of the fibre and the bleaching processes 
to which flax goods are subjected Jn regard to 
the latter, an important teehmeal dilheulty is 
experienced in washing flax yams attei a 
‘ chlorine ’ (hypochlorite) bleaching treatment 
‘ Active chlorine ’ remains persistently in the 
goods. This is now elucidated, as duo to the 
formation of eltlotoaininc derivatives, from 
residues of chlorophyll and otliei mtrogonoous 
products containing ammo- groups always ( 
present in cuticulai tissues ((boss, lievan, and \ 
Briggs, J. Soe ('hem. I mi 27, 11108) 

Lignocelluloses. As the name indicates, this ; 
group comprises the substance of the ground 
tissue of the woods The simplest typo of | 
lignocelliilose, chemically as it is structurally, ' 
ir the jute tibie, the ligmlied hast ol an annual j 
( Corchorun tibiana') cultivated on an enormous 
scale m India, and the staple of an important 


The cellulose is separated actually as a 
hydrate of the composition 30,11! 0 O,,H,O. It 
further differs from the normal cotton cellulose 
in being non-homogoneous. It is a mixture of 
tw r o celluloses, the o-cellulose (65 p.c.), approxi- 
mating to the normal, and fi-cellulose (15 p.c.) ; 
the latter being relatively sensitive to hydrolysis 
and yielding a large proportion (40-50 p.o. of 
its weight) of furfural on boiling with condensing 
acids. 

Constitution of hgnone. The characteristic 
groups of the lignono complex are thoso which 
combine with chlorine and which appear to be 
ol diketo r. hexene constitution. The reaction 
with bisulphites is also quantitative and the 
sulphonated derivatives are formed without 
resolution. Certain decompositions yield pro- 
ducts quantitatively related to original groups : 
thus acetic acid is a product of oxidations both 
acid and alkaline, and appears to result from 
hydrolysis of ketene groups. By oxidation with 
(!rO a in presence of hydrolysing acids the lignone 
is entirely resolved to oxalic and carbonic acids, 
with liberation of acetic acid. From the forma- 
tion of volatile pyrone derivatives in the first 
stages of dostiuction, distillation (J50°-200°), 
and from the statistics of ultimate composition, 
the presence of a pyrone group in the lignone 
complex is inferred. 

An integral expression of tlieso quantitative 
iclationsliips is given m the form of a general 
statistical constitutional formula for the lignone- 
cellulose complex 


textile industry centml m Dundee. 

The elementary composition of the purified 
fibre is expressed by the following percentage 
mini hers : — 


C= 47 *0-40*0 


Calc, for C 12 H 18 0 9 
. 47 0 


CIO 

Cli / jCH— [(!H s C!Oj — HCj 
CH x /(JO *Me()llC 

0H 2 



H-- 5 -0-5 -7 . . . 0-0 

0=47*1-48 3 . 17 0 

The constitution of a lignocelliilose is revealed 


— CH-OH’CH 

\)/ 


OH Cellulose 
OH j8 — a 


by the action of chlorine, which combines with 
tin* non -cellulose or lignone component, to form 
a quinone-chluride ol constant composition, 
C l9 ll, g Cl 4 0 B , with production of hydrochlono 
acid, also m constant proportion to tiie lignone ; 
the estimation of the acid adonis an indirect 
measure of the proportion of lignone m non- 
cellulose constituents (dross and llevau, Cellulose, 
Heuser and Siebcr). Thechloroliynone reacts with 
sodium sulphite (solution) to form a suljihonated 
derivative of characteristic magenta-red colour, 
freely soluble as sodium salt ; consequently, the 
’chlorinated fibre is icsolved by treatment with 
solution of sodium sulphite (2 p e. Na 2 SO,), the 
lignone-chlorulo dissolving from the cellulose, 
which is thus isolated. The quantitative 
constants of this reaction, which is specifically 
diagnostic, are as follows : — 

P.c. of 

lignoeollulose 

Chlorine combining with lignone . 8‘0 

», ,, as Hdl . 8 0 


(Cross and Bcvan, Researches iii. p. 104). This 
: has been critically examined by C. I)or6 in 
relation to the study of the action of ozone on 
the typical lignocelluloses (J. Chem. Soc. 103 
(1913), 085) of the results of which it affords 
, consistent explanations. 

The wood substance of perennial woods 
(dicotyledons), with the same general character - 
, istics, differs in the relation of lignone to cellu- 
] lose, both m proportion and m inodo of union. 

I Whereas the jute fibre is attacked by. solvent 
1 reagents sinulariy to the celluloses, the woods 
, are extremely resistant. The following com- 
parison of typical constants for beechwood is 
noteworthy : — 

Quantitative reactions 
Proximate of Hgnone 

i . Elementary composition meth- fur- chlorine 
composition cellu- Hr- oxyl fural com* 
0 II lose none blnlng 

I Jute 47*0 5-9 80 20 4-0 8*0 8*0 

1 Beech 49-1 5*0 55 45 0-2 12-8 12-0 


And the lignocelliilose may be statistically 
calculated to be composed of : 

P.c. of 

* Iignocellulose Carbon 

Lignone C 19 H 22 0 9 [C=57*8 p.e.j 20-0 1D50 

Cellulose C 6 H 10 O 5 [C=44-4 p.c.] 80-0 35*62 

100*0 47*08 


The wood substance of the ConifercB, first 
investigated by Erdmann (Ann. Suppl. 6, 223), 
is a homogeneous complex — lignooellulose — of 
empirical composition, C 3 oH 4a 0 21 , differing in 
, minor respects fronj yje woods of angiosperm* 
chiefly in the lower proportion of ‘ furfuroia * and 
acetyl groups. A reaction of fundamental 
import and general for the entire group of 
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lignooellulose, is the basis of the ‘ bisulphite ’ 
process of preparing cellulose from woods, 
applied chiefly to the coniferous woods, the 
insoluble residue of disintegration or cellulose 
constituting the most important staple of 
modem paper making. The lignone complex 
reacts quantitatively with the disulphites to 
form derivatives of the empirical composition 
C j *H 23 ( OC H 3 ) a O s ’SO 3 H ; the mechanism of 
the reaction being : (1) a hydrolysis of ‘ acetal ’ 
groupings duo to combination of H •(’() and 
bisulphite residues; (2) the S<) 3 H residues 
then migrating to unsaturated — CH. ^dis- 
positions ; the lignone complex being thus ob- 
tained as lignone sulphonates (Ca or Mg Halts), 
which arc gummy deliquescent solids. 

These reactions take place progressively 
m the range of temperatures 80°-150°, and 
industrially are carried out in digestors of 
special construction (silicate-lmed) and enormous 
capacity. 

A third reaction characteristic of the lignone 
complex as such and taking place in definite 
quantitative proportions is its condensation with 
phlorogluoinol in presence of HClAq. There 
are two phases of the reaction : ( 1 ) with forma- 
tion of a crimson colouring matter. This takes 
place with a proportion of the phenol less than 
1 p.c. of its weight. The depth of colour is 
quantitatively related to tho lignone, and is, 
therefore, an approximate measure of its pro- 

f iortion m a hgnocellulose, as of lignocellu- 
ose (e.g. ‘ mechanical ’ wood pulp) in admixture 
with cellulose. (2) A further combination with 
the phenol (0-7 p.c. of its weight) to a product 
which is extremely resistant to hydrolysis ((boss, 
Bevan, and Briggs, Ber. *K), 3119; Cross and 
Bevan, J. Soc. Dyers, [ v /j 32 (1910)). 

Characteristic colour reactions are thoso with 
aromatic bases ; the anilines giving yellow to 
orange -colouring matters. Dime thy 1-p-phenyf 
lenediamme give a deep-red colouration, which 
is the basis of the well-known quantitative 
method of estimating lignocelluloses in mixturo 
(C. Wurster). 

Ferric ferricyanide in solution is reduced by 
the lignooelluloses, and the intermediate ferroso- 
ferric blue cyanides in the highly hydrated 
colloidal form, are precipitated upon tho fibre 
substance in intimate ‘ adsorption ’ combination. 
Jute fibre will take up from 30 to 50 p.c. of its 
weight of the blue pigments thus formed, with- 
out any change of essential characteristics 
These phenomena have especial interest in re- 
lation to theories of dyeing and the colloidal 
state (Cross and Bevan, J. Soc. Chem. Ind. 1893, 
12, 104), and are of use in laboratory investiga- 
tions of plant products (Sherman, J. Amer. Chem. 
Soc, 1897, 291). 

The lignooelluloses have many-sided affinities 
for colouring matters, due to specific reactivities 
of the constituent groups of the lignone complex. 
They are dyed directly by dyestulfs of the most 
varied oonstitutiqpal types ; and m this respect 
stand in marked contrast with the celluloses, 
whioh present a narrow and seloctive range of 
direct tinctorial capacity. 

Other less characteristic reactions of the 
lignooelluloses may be bijefly described. 

Halogens . — Bromine reacts to form bromin- 
ated lignone derivatives ; but the attack is much 
feebler them with chlorine, and is complicated 


by oxidations (Cross and Bevan, J. Soc. Dyers, 
vol. 32, 1916). Cellulose is isolated by repeated 
treatments with bromine water, followed by 
dilute alkalis. This is a useful quantitative 
method of oellulose estimation (Hugo Muller, 
Pflanzenfaser). Iodine is absorbed from its 
aqueous solutions (in KI) in definite propor- 
tions. Jute fibre digested at 18° with 20 times^ 
its weight of N/10 solution as ordinarily pre- 
pared, absorbs 1 2‘9— 3 3*3 p.c. iodine (Cross and 
Bevan, Cellulose, 138, 139). 

Hydrolytic agents generally attack the ligno- 
cellulosos as a whole, that is, without resolving 
the lignonecellulose combination. At elevated 
temperatures (100° 160°) dilute alkalis (NaOH, 
Na a S) selectively attack the lignone groups, 
breaking them down to acid products — acetic 
acid, and the so-called ligmo acids — which 
dissolve as sodium salts, and cellulose is obtained 
as a residue. 

Dilute acids at higher temperatures yield 
acetic acid as a product of hydrolysis (Cross and 
Bevan, Cellulose, 160, J61 ; W. E. Cross, Ber. 
1910, 43, 1526), and a complex of products of 
condensation, including furfural. 

Ory- hydrolytic agents attack the lignono 
complex owing to its unsaturated and oxidisable 
characteristics. By tho action of nitric acid even 
in dilute form (5-10 pc. HNU :j ) and at low 
temperatures (70°-80°) the lignono is resolved 
into gaseous and soluble 1 products ; the j8-cellu- 
loso components are also attacked, and a residue 
of a- cellulose is obtained, but more or less 
oxidised to oxycellulose. 

It is noteworthy that in presence of urea the 
action of nitric acid Ioscb its specific character 
and resembles that of the Bimple hydrolysing 
acids (Cross and Bevan, Cellulose, 141, 145). 

Chromic acid in presence of hydrolysing acids 
oxidises the lignone to oxalic and carbonic 
aoids. Acetic acid appears as a product of 
hydrolysis (Cross and Bevan, J. Soc. Dyers, 
vol. 32, 1916). The insoluble residue is an 
oxycellulose soluble in large proportion in dilute 
solution of sodium hydroxide. 

Permanganates 111 sufficient proportion oxi- 
dise the lignone complex to products of low 
molecular weight, but tho action may be regu- 
lated and graduated to produce valuable bleach- 
ing effects. 

Hypochlorites are used in industrial bleaching 
operations (jute yams and fabrics), but require 
most careful control to prevent chlorination of 
the fibre substance, the fixation of chlorine, 
even in minute proportion, leading to ultimate 
disintegration of the hgnocellulose (Cross, Bull. 
Mulhouse, 1883). 

Ultimate oxidations. By ‘ fusion ’ with the 
alkaline hydroxides at 260°-350° the lignocellu- 
loses are oxidised to oxalic acid, the yields from 
the wood (sawdust) being large (80 p.c.). The 
rocess is of considerable industrial importance, 
eing the main source of the oxalic acid of 
commerce. 

By chromic acid in presence of sulphuric acid 
the lignocelluloses are oxidised to gaseous pro- 
ducts (C0 2 and some CO) and water. The 
reaction is the basis of a quantitative Volumetrio 
method of estimation. 

Synthetical reactions. Esters. The ligno- 
oelluloses react, as do the oelluloses, to form 
nitrates, acetates, and benzoates ; these, how- 
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ever, are mainly reactions with the oeilhlose of 
the oomplex, the lignone groups containing no 
reaotive OH groups : these remain in con- 
densed combination in the resulting ester 
oomplex. 

The xanthogenio ester which results from 
the successive action of sodium hydroxide (17*5 
p.o. NaOH solution) and carbon disulphide is a 
mixture or series of products, partly soluble, 
partly a highly hydrated and distended fibrous 
colloid which may be separated by filtration. 
There is little resolution or separation of the 
lignone groups from the cellulose. 

Destructive distillation. The highly complex 
changes which the lignocelluloses undergo when 
heated out of contact with the air, are only 
approximately accounted for in terms of the 
original substance. Typical of an enormously 
diversified sones of volatile products are : 

Methyl alcohol Methyl furfural 

Acetone Methyl- and methoxy- 

Acetic acid . derivatives of Pyro- 

Furfural gallol 

which may be regarded as direct products of 
resolution of the lignone complex. 

Of great industrial importance are the pro- 
ducts of the first group. The solid residue 
(about 30 p.c.) is wood charcoal, a highly con- 
densed ‘ pseudo-carbon ’ of the approximate 
elementary composition, ('30^18^4* 

Autoxidution of lignocelluloses. Lignocellu- 
loses ui the form of ground wood or 1 mechanical * 
wood pulp are largely used m modern pnnting 
papers, fciuch papers are not only inferior in 
physical quality — tensile strength and elasticity 
— but m pormanency ; they change in colour (to 
yellow and brown) and in structure, becoming 
brittle. These are primary effects of oxida- 
tion ; they are influenced by light, and by 
catalysts such as iron compounds usually present'.! 
in papers as an incidental impurity, and resin j 
acids added as sizing agents. These effects 
and defects are generally recognised and lead 
to the specific exclusion of ‘ mechanical ’ pulps 
from papers intended tor documents of perma- I 
nent valuo (Report of Society of Arts Committee 
on Deterioration of Papers, .J. S. A. 1808). 

An important elucidation if these phenomena 
is suggested by the researches of tho late W. J. 
Russell, described in the Royal Society papers on 
The Action of Wood on Photographic Plates 
in the Dark (Phil. Trans. (B), 1904, 197, 281 ; 
Proc. Roy. Soc. 78, 385 ; 80, 346). The aotion in 
question is a ‘ photographic ’ image reproducing 
the structural details of the wood sections, 
placed at some distance from ordinary sensitive 
plates, but^with'exclusion of light 

On the evidence, the effects are due to an 
‘ active emanation ’ from the wood substance, 
which appears to be a product having tho 
characteristics of hydrogen peroxide. The 
general evidenoe also connects the phenomena 
with those of autoxidation, and these again 
with the constitution of tho lignone groups of 
the wood substance. 

A$say of Fibrous Materials. 

For the investigation of fibrous raw materials 
in the laboratory the following soheme, devised 
by the author (Ind. and CoL Exhibition Reports, 
1887), has been generally adopted 


Separate portion taken for each determination. 

Results oaloulated in percentage of dry 
Bubstanoe. 

1. Moisture : 

Hygroscopic water, or water of condi- 
tion, loss on drying at 100°. 

2. Ash : 

Total residue left on ignition. 

3. Hydrolysis : 

(а) Loss of weight on -boiling 5 minutes 

in 1 p.c. solution of caustic soda ; * 

(б) Loss of weight on continuing to 

boil one hour. 

4. Cellulose : 

Isolation and estimation as previously 
described (chlorination method). 1 

In the case of raw materials containing cuto- 
cclluloses tho alkaline saponification is intensified 
by substituting alcoholic (2 p.c. NaOH) for the 
aqueous solution of sodium hydrate. 

5. Mercerising : 

Loss of weight on treating one hour 
with strong solution of caustic soda, 
15-20 p c. NaOH, in the oold. 

6. Nitration : 

Weight of nitrated product, obtained 
by treatment with mixture of equal 
volumes of nitric and sulphuric acids 
one hour in the cold. 

7. Acid purification : 

Loss of weight after boiling with 20 p.c. 
acetic acid and washing with water 
and alcohol. 

8. Carbon percentage : 

Determined by combustion. 

]«. Moisture. The mere operation of drying 
at 100° determines 'molecular changes in such 
compounds as tho lignocelluloses, changes whioh 
affect the subsequent action of reagents. It is 
necessary, therefore, to weigh separate portions 
for the particular experiments in the air-dry 
condition, and calculate the dry contents from 
the data of the specimen weighed after drying 
at 100°. The dried specimen is treated for 
16 Fat, wax, and resin. These constituents are 
estimated as an aggregate extract obtained by 
boiling out with hydrocarbon solvents, or witn 
other-alcohol. 

2. Ash. The specimen weighed after extract- 
ing may then be burned for the determina- 
tion of ash. The ash in isolated fibres is low, 
viz. 1-2 p.c. ; in fibre aggregates it is often high, 
thus in esparto and straw from 3-6, p.c., and 
should be takdn into account in calculations of 
yields or loss of weight. In such cases, after 
weighing the product of any given reaction the 
specimen or a portion of it should be burnt and 
the ash determined. The ash-free produot is 
calculated in terms of the original substance, 
also taken ash-free. 

The ash constituents are : (1) those of the 
normal fibre ; and (2) in certain cases adventi- 
tious mineral matter. These are easily dis- 
tinguished and separately eatimated. 

3. Alkaline hydrolysis. This is the first stage • 

1 After lengthened critical investigation and dis 
cusslon (1895-1918) the method of chlorination to 
generally adopted as the standard prooess of estimating 
"cellulose ’—with variations In treatment In special 
cases (dense lignocelluloSes— cutocellulosea) and reser- 
vation as to tee definition of ‘cellulose' to ind tide 
furfural-yielding components. For Bibliography, its 
W. H. Pore, J. Ind. & Eng. Chera. H (1919), 5M. 
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towards the isolation of the cellulose. When the 
numbers obtained for the short period (a) and 
for the long digestion ( b ) show a marked 
difference, it is an obvious general indication of 
low paper-making quality. 

4. Cellulose. Having isolated a white residue 
from a raw fibrous material, it may bo woighed 
and then further investigated. An estimation 
of furfural will establish its position in the 
classification of the celluloses. For practical 
purposes it is sufficient to establish the degreo 
of resistance of the celluloses to further alkaline 
hydrolysis, and to oxidation by alkaline cupric 
oxide (Barreswil’s or Fehhng’s solution). 

5. Mercerising The effect of the action of 
caustic soda as measured by loss of weight, and 
also changes in appearance, and structure, may 
bo usefully observed on the isolated celluloses, 
and in certain eases upon the raw fibrous 
materials. The pectocelluloses aio considerably 
gelatinised by the treatment, the fibres often 
undergoing agglomeration and drying to a harsh 
wiry condition. The lignocellulosos are effected 
in the contrary direction The outocelluloses 
arc not attacked. 

From all the above treatments the products 
should bo treated with dilute acids by immersion 
in the cold, and copiously washed before drying. 
The dtying is accelerated by treatment with 
alcohol. 

6. Nitration, or conversion into nitric esters, 
affords useful information ; but judgment must 
be exercised as to the applicability of the 
treatment to the raw material, to the partially 
purified products (alkaline hydrolysis), or the 
isolated cellulose. It is a general measure of 
the proportion of reactive alcoholic OH groups, 
and also of resistance to oxidation. 

7. Acid purification removes basic mineral 
matter, often present in some quantity in raw 
materials, of the pectoeellulose class. It may 
sometimes bo required to attack and remove 
more resistant mmoral constituents, such as 
silica or silicates. In this ease the material may 
be digested with a mixture of hydrofluoric and 
hydrochloric acids in vessels suitably resistant 
to the action of these acids. The treatment is 
followed by copious washing 

8. Carbon pcrcentaqc. 'Phis is only necessary 
in certain investigations. The value of the 
constant will be recognised from the fact that 
it varies considerably for the different groups 
of compound cellulose. The most convenient 
method is that of combustion*, with chromic 
acid, after solution in sulphuric acid. 

For special purposes the above scheme is 
extended by operations on a largor scale, and 
under conditions which approximate to those 
industrially emplojmd, as, for instance, in 
estimating the value of a raw material for paper- 
making purposes : complementary investigation 
of structural characteristics, including the 
measurements of length and diameter, of ulti- 
mate fibres (cellulose) is also required. For 
processes and methods the special text-books 
must be consulted. 

The following is a general view of the 

Cellulose Industries. 

Celluloses, fibrous material, used as such : 
(l) Mechanical with incidental chemical treat- 


1 menta (bleaching, dyeing, mercerising 
finishing) : 

Textiles, fine fabrios : 

Cotton, flax, hemp, ramie. 

Coarse textiles : 

Jute (flax and hemp). 

Ropes, twines : 

Hemp flax, manilla, aloe, and fibres 

of monocotyledons 

Hat-making materials : 

Straw, wood. 

Papor, boards, and fibrous agglomerates : 

Cotton and linen rags and textile 

wastes (wood, Btraw, esparto 

pulps). 

(2) Chemical industries. Cellulose deriva- 

tives, or celluloses, or products 
of resolution of compound cellu- 
loses. 

Explosives : 

Nitro cellulosos. 

Artificial fibres : 

Nitro celluloses (acetates). 

Aqueous solutions of cellulose deriva- 
tives. 

Zinc chloride, cuprammonium, 
xanthogeiiic ester (viscose) 

Films or sheets : 

Nitrocellulose (acetates), xanthogenic 
ester. 

Massive solids : 

Nitrocellulose (acetates), xanthogonic 
esters. 

Preparation of wood pulp, esparto, 
straw, and other celluloses for 
papor making : 

Treatment of coniferous woods, 
esparto, straw, and textile waste 
materials. 

(3) Products of decomposition : 

Oxalic acid : 

Fusion of wood wastes with alkaline 
hydroxides. 

Acetic acid, wood spirit, acetone, 
creosote, charcoal : 

Products of destructive distillation of 
woods. 

Supplementary Note. (Jan. 1, 1920 ) 

The chemistry of ‘ cellulose * is obviously a 
section of the 1 chemistry of colloids ’ ; tho state 
of development of this extensive and complex 
subject is set forth in the Reports (I, 1918 ; 
II, 1919) of tho British Association Committee. 
Cellulose is in many respects tho prototype 
of the organic colloids ; as a primary natural 
product it is only known to us in its natural 
forms of organised structures ; and it is an 
index of the necessary trend of progressive 
research in this field that the works of the 
histologist and chemist are convergent. Thus : 
W. L. Balls (Proc. R. S (B.) 1919, 90, 542) 
demonstrates daily growth rings in the cell wall 
of cotton by taking advantage of the xanthic 
ester reactions under limiting conditions, suoh 
as induce controlled rehydration of the cell 
substance without disruptive distortion. 

Robinson (Prov. Rem R. S. Proc. Nov. 1919), 
in investigating the deformation of wood struc- 
tures under stress, finds positive evidence of asso- 
ciated deliquification in the ehemical sense. 
Cross and t Bevan (J. Soc. Dyers, 1918, 34, 
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215 , 247 ) have investigated two oases 'of pro- 
found structural change in cotton under mechani- 
cal stresses, associated with fundamental changes 
of chemical constitution. 

Of these effeots the immediate factor of 
ohange may be a particular form of energy, in 
respect of which the effects of heat, electricity, 
light, and radio-activo ‘ matter,’ have been 
shown to be definitive (ibid. ; and S. J Lewis, 

34, 167 ; W. Harrison, 1919, 35, 243-250) 

It is clear that for exact characterisation of 
oollulose, as a colloid, it must be investigated as 
such, and not in terms of products of proximate 
resolutions. This postulates physical methods, 
of which the most obvious is the measurement 
of volumo and volume changes (Cross and 
Bovan, Berl. Ber. 1909, 42, 2 1 9K), with tem- 
peratures and under roaetum Such investiga- 
tions have already suggested that the cellulose 
may be made up of reactive unit groups 
of small dimensions — of cyclic configuration — 
and having the roactive continuity of liquid 
systems lteso&rch and progress by way of 
such problems and hypotheses, many of which 
arise in the technical routine of the cellulose 
industries, are the leading characteristics of the 
present-day movement towards a more cornpie- 
hv.nsivo science of the subject 
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and first isolated by llrbain. Forms a white 
oxide, and an anhydrous chloride more volatile 
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CEMENT. In this article the word ‘ cement ’ 
is used to mean a calcareous compound employed 
m building, and doas not refer to minor ad- 
hesives the class typified by glue. 

Portland cement. This material is so 
greatly more important than any othor cement 
of its class, that it may appropriately be dealt 
with first The name is trivial, referring merely 
to the colour of the set product which somewhat 
resembles that of Portland stone. ';be inven- 
tion of Portland cement is attributed to Aspdin 
of Leeds, who calcined a mixture of chalk and 
clay, and found that the product, when ground 
and mixed with water, would set ; but develop- 
ment from this elementary stage to the status of 
a valuable industry was the work of many 
minds, which, operating mostly empirically, 
arrived at a procedure competent to ensure a 
commercially useful product, although by 
methods of winch the rationale, was only dimly 
understood. At the present time, a better 
state of knowledge exists, and except in a few 
minor points, such as the adjustment of the 
setting time, winch still cannot always be com- 
pletely controlled, the manufacture is per- 
formed with precision and the product is of 
uniform and excellent quality. Nevertheless, 
the chemistry, both of the formation of Portland 
cement' from its raw materials and of the changes 
which it undergoes on setting, is incomplete, 
many of the reactions supposed to occur re- 
maining obscure and hypothetical. 

Composition . — Portland cement consists of 
a mixture of compounds of lime and silica and of 
lime and alumina. These are the essential con- 
stituents, but it commonly edhtains in addition 
loose compounds of lime with ferric oxide, 
magnesia, and small quantities of inert insoluble 
silica or silicates, alkalis and sulphates. Except 
when perfectly calcined and absolutely fresh, it 
also contains a little ^ater and carbonic anhy- 
dride absorbed from the air. The ultimate 
composition of Portland cement varies with 
the nature of the raw materials from which it 
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has been made. The following is a typical 
analysis of oemont made from chalk and clay in 
the Thames and Medway distriot 

Silica (Si0 2 ) 

Insoluble silieious matter 
Alumina (A1 2 0 3 ) 

Ferric oxide (Fe 2 0 3 ) 

Lime (CaO) 

Magnesia (MgO) . 

Sulphuric anhydride (S0 3 ) 

Carbonic anhydride (CD,) 

Water (1I 2 0) 

Alkalis 


Per cent. 
22-0 

0- 7 
65 
3-3 

H3-0 

1 - 0 
1*5 

0- 5 

1 - 0 
0-5 

100 0 

All the constituents may depart a good deal 
from these proportions. The silica may vary 
from 18 to 27 p.e., the alumina from 5 to 10 p.c., 
the ferric oxide from nil to 7 p.e., the lime from 
58 to 07 p.c., the magnesia up to 3 p.e., the sul- 
phuric anhydride up to 2’7C p.c., the alkalis to 
2 p.c., and the water and carbonic anhydride 
according to the length ot time the cement has 
been made and the extent to which it has been 
exposed. 

The limits laid down by the British Standard 
specification are as follows • The proportion of 
lime to silica and alumina shall be not greater 
than the maximum nor less than the minimum 
ratio (calculated m chemical equivalents) re- 
presented by ^^,-^=2-85 or 2*0 respec- 
tively. The percentage of insoluble residue 
shall not exeeod l'f> p.e. , that of magnesia 
shall not exceed 3 p.c. ; and the total sulphur 
content calculated as sulphuric anhydride (S() 3 ) 
shall not exceed 2*7f> p.e. The total loss on 
ignition shall not exceed 3 p. 


It was formerly held that the calcium 
aluminate and silioate did not exist separately 
but as solid solutions, whioh are recognisable as 
distinct minerals in Portland cement clinker. 
The mineral termed aide is a solid solution of tri- 
(or di-) calcium aluminate in tricalcium silicate, 
whilst the solid solution of dicalcium aluminate 
in dicaleium silicate is called edit e. As both are 
solid solutions and not definite compounds, 
their composition is not constant, but varies 
within the limits of solubility of the solute in 
each case. Celito appears to bo almost inert, 
and to take bttle part m the setting of the 
cement, but ahto is decomposed by water, and 
both the calcium silicate and calcium aluminate 
are hydrated according to the following equa- 
tions, in which, for simplicity, the two sub- 
stances are dealt with separately : — 

(1) 2(3CaOSlO 8 )+9H 2 O=2(Ca0SIO a )5H 2 0 + 4Ca(OH 8 ). 

Trlcalcium silicate Hydrated monocalciuin silicate. 

(2) 3Ca0'Al 2 0 3 + 12H 2 0=3Ca0-Al 2 0 3 12H 2 0. 

Trlcalcium illuminate Hydrated tricalclum 
aluminate. 

It will be set'll that in the process of hydra- 
tion of the tricalcium silicate, two-thirds of the 
lime arc liberated and appear as calcium hy- 
droxide, and in consequence this substance forms 
a large pioportion of Portland cement when Bet ; 
although — accepting the tricalcium silicate 
view —unco tnbmod lime is absent from Portland 
cement as it comes from the kiln. 

The belief that tncalcium silicate is the 
essential constituent of Portland cement has 
been disputed on the ground that there is no 
conclusive proof of the existence of this body as 
a definite chemical individual. The alternative 
theory is that the essential constituent is di- 
calcium silicate 2CaOSi(.) 2 , associated as a solid 


Although the ultimate composition of Port- , solution with lime, which may he present in 


land cement is easily and accurately ascertained 
by the ordinary methods of chemical analysis, 
its proximate composition, that is, the nature 
and quantity of the chemical compounds or 
physical mixtures which constitute it, are not 
known with exactness and cannot be deter- 
mined with precision by existing methods of 
inquiry. The view most in favour and best 
supported by experimental evidence, is that the 


amount equal to that occurring m the triealcium 
compound. On this assumption, the equations 
written above would still stand with the modifi- 
cation that this part of the lime is hydrated 
directly on setting, instead of being both 
liberated and hydrated by the action of water. 
Whichever view may bo nearer the truth, it is 
certain that set Portland cement contains large 
quantities of calcium hydroxide, a fact which has 


essential constituent is tncalcium silicate | an important practical bearing in the use of the 
3CaO8i0 e , and that the body next in import- ! matenal, as will bo shown when dealing with 
anoe is a calcium aluminate, to which the puzzuolana. 

formula 2Ca(>Al a 0 3 , or alternatively ! Since the time when this idea was put forward 

30a(>-Al 2 0 3 , * ' the older view has been rehabilitated by the 

is assigned. Dicalcium silicate 2UaOSiO s is | preparation of tncalcium silicate as a definite 
also present. The oxide of iron occurs as a j compound, and that it and tncalcium aluminate 
cftloium ferrite, the magnesia possibly as such, are the two substances to be considered as the 
the sulphuno anhydride and carbonic anhydride essential constituents of cement. It foUows 
probably as calcium sulphate and carbonate, 1 ^bat the equations originally put forward by 
and the alkalis porhaps as double compounds j Chateher may be taken as representing the 


with lime and silica or alumina. As far 
known, the substances of primary importance 
are the tricaloiuga silicate and aluminate only, 
the minor bodies being little more than make- 
weights with the exception of calcium sulphate, 
which is of moment, because of its influence 
on the setting time of the cementitious con- 
stituents proper. The best proof that these 
smaller constituents are flot essential is afforded 


process which cement undergoes on setting : 

3CaOSiO 8 + Aq = CaOSiO ^ H 2 0 + 2Ca(0H) t 
and 

3Ca0Al 2 0 3 -f Ca(0H) 2 -f Aq=4CaOAl s Ojl2H a O 
It will be seen that the hydration of the 
triealcium silioate provides ample caioium 
hydroxido for the production of tetraoaloium 
aluminate, and as stated above the existence of 


by the fact that Portland cement of the highest this calcium hydroxide in set Portland oement 
quality can be prepared containing only sibca, j is of importance when siliceous materials bucIi 
alumina, and lime in proper proportions. as puzzolana are used conjointly with cement* 
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Manufacture. — As would be expected from 
what has been said concerning the composition 
of Portland cement, the raw materials from 
which it pan be prepared are of the most varied 
description. Chalk, limestone, or any other 
approximately pure form of calcium carbonate 
on the one side, and clay, shale, or any typical 
argillaceous material on tho other, can bo mixed 
and burned together to produce Portland cement, 
provided that the product has a composition 
falling within the limits already laid down. It 
follows naturally that, substances which contain 
both calcium carbonate and clayey matter, such 
as calcareous shales and argillaceous limestones, 
can be similarly used. On this account and 
because of the low price of the manufactured 
article and the consequent high proportion 
which freight bears to tho total cost at the point 
of consumption, the manufacture of Portland 
cement is not confined to a particular spot, but 
is successfully undertaken wherever deposits of 
suitable raw materials occur, provided the cost 
of fuel is iiot extravagantly high. But although 
it is perfectly practicable to manufacture Port- 
land cement from a wide range of raw materials, 
yet certain of those possess qualities which give 
them a substantial advantage. The large 
deposits of chalk in tho Thames and Medway 
district, together with the clay in the form of 
river mud adjacent thereto, make tins region 


Insoluble silicious matter 
Alumina -fferrio oxide (Al a 0 3 -fFe,0 3 ) 
Lime (CaO) .... 
Magnesia (MgO) . . • ‘ ■ 

Carbonic anhydride (C0 2 ) 1 . 

Combined water and loss 


Silica (Si(> 2 ) 

Ferric oxide-f alumina (Fe 2 0 3 -f AL0 3 ) . 

Lime (CaO) . 

Magnesia (MgO) . ... ■ 

Carbonic an hydride -f- water (CO a -TH 2 0) 
Alkalis and loss . 


Silica (Si() 2 ) . 

Feme oxide + alumina (Fe 2 0 3 + Al 
Lime (CaO) ... 

Magnesia (MgO) ... 
Carbonic anhydride (CO„) 

Water, alkalis, and loss 


one of the centres of the industry in this country 
In like manner, the existence of huge quantities 
of argillaceous limestone in Pennsylvania has 
led to the establishment of many large works m 
that State In the former case, the chalk and , 
clay, being soft materials, can be readily handled j 
ami intimately mixed, and m the latter the 
mingling of the calcareous and argillaceous 
ingredients has already been accomplished, 
and a correct composition can be attained by 
the addition ot a small amount of pure lime- 
stone 

The following aro analyses of some of the 
raw materials commonly employed : — 

Chalk. 

Per cent. 


Moisture . . . . . . 19 03 

Sand and clay 0-93 

Combined silica (Si0 2 ) . . . 0 43 

Fcrrio oxide -{-alumina (Fe 2 0 3 +Al 2 0 3 ) . 0 48 

Lime (CaO) 1 42 90 

Magnesia (MgO) ..... 0'42 

Carbonic anhydride (C0 2 ) . . . 34*10 

Alkalis, organic matter, and loss . . 1 *05 

100*00 

Clay. 

Per cent. 

Sand 28*42 

Combined silica (Si0. 2 ) .... 30*32 

Alumina (A1, 2 0 3 ) 16*49 

Ferric oxido (Fe 2 0 3 ) .... 7*74 

Lime (CaO) ..... 2*04 

Magnesia (MgO) 1*90 

Sulphuric anhydride (S0 3 ) . . .1*90 

Combined .water and loss . . . 12*07 


100*00 

_ 1 Corresponding with calcium carbonate (CaCO a ) 
78*60 p.c. 


Whatever may be the raw materials, the first 
step in the manufacture of Portland cement is 
to secure their comminution and intimate ad- 
mixture. It must be understood that as the 
process of burning cement involves the sintering 
but not the fusion of the materials, these two 
conditions are of primary importance. Tho 
raw materials are commonly ground bo that they 
leave a residue of less than 10 p.c. on a 180 X 180- 
mesh sieve, and intimacy of contact is secured 
by mixing the materials together at as early a 
stage of the process of comminution as is prac- 
ticable, and m addition grinding them together. 

The procodure is as follows : In the case of 
soft, wet raw matonals, such as chalk and clay, 
the two substances in proportions determined 
from their analysis are weighed into a wash mill, 
which lR a large tank in which a vertical spindle 
having radial arms from which depend harrows 
is caused to revolve. Enough water is added to 
allow the materials, when well beaten up, to 
form a thick cream or slurry, which is mobile 
enough to flow ’and to be pumped. The slurry 
passes through screens to retain stones and grit, 
and is ground either between millstones or in 
more modern practice in a tube mill, which is a 
cylinder made of steel lined with a hard material 
such as quartzite blocks and partly filled with 
flint pebbles. The cylinder is set horizontally 
and revolved, the slurry being fed in through a 
trunnion and passing out at tho other end. 
During its passage through the cylinder, it is 
ground by the pebbles which are continually 
raised up the periphery of the cylinder and con- 
tinually drop back through the liquid mass, 
pounding its particles on the lining of the cylmder 
and between the pebbles themselves. After being 
thus ground, the slurryfflows into large reservoirs, 
called dosage tanks, whore it is sampled and 

i Corresponding with calcium carbonate (CaOO,) 
98*86 p.C. 
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analysed and, if necessary, its composition is 
corrected by the addition of more chalk or clay. 
In the early days of tho industry, the slurry was 
prepared with so large a proportion o;f water as 
to be a thin cream from which tho water was 
allowed to settle in large tanks, the supernatant 
water being drawn off and the deposited solids 
dug out when they had arrived at the con- 
sistency of mud, and this method is still occa- 
sionally practised. Usually, however, the 
quantity of water used is tne least that will 
allow the slurry to flow (30 to 50 p.c. of the weight 
of the slurry, according to the nature of the raw 
materials), adequate mixture being thus obtained 
and the delay and cost of double handling 
avoided. The next step is to dry and burn the 
slurry to clinker. The modern method combines 
those operations, tho slurry being pumped into 
tho upper ond of a rotatory kiln {sw below), 
where it is dried and burned as it travels down 
the kiln. Before the invention of the rotatory 
kiln, drying was effected either by the heat of 
coke ovens used for manufacturing the coke 
needed in the subsequent, burning or by the 
waste heat of chamber kilns (xce below), the mass 
thus dried cracking into rough cakes suitable 
for loading into the kiln Where the kiln was 
of a type which provided no surplus heat, the 
‘slurry was dried independently, crashed, and 
moistened with a little fresh slurry, moulded 
into bricks, ledried and burnt The choice 
among these various procedures depends on 
tho kind of kiln for which the slurry is 
destined. 

When dry raw materials bucK as limestone 
and shale are used, they are crushed in a stone 
breaker or between rollers, according to their 
hardness, any moisture such as quarry water oi 
damp from exposure to weather lining removed 
by passing through rotating cylinders, heated by 
flue gases, or by an independent fire or in towers 
through wliich hot air is blown, and are ground ] 
together in the calculated proportions. The 
grinding is performed by ball mills, consisting of 
a drum lined with perforated steel plates and 
partly filled with steel balls, followed by a tube 
mill, such as has been described above, or in 
mills of the Huntingdon Hass, m which rollers 
depending from spindles attached to a vertical 
axle are driven outwards by centrifugal force as 
the spindle is rotated and bear against a steel 
grinding ring between which and the rollers the 
material is ground. It will be understood that 
many different forms of comminuting apparatus 
can bo and aro used in cement works, according 
to the nature of the material. Discussion of 
their relative merits would bo out of place in an 
article of this kind. The dry raw materials arc 
fed as powder (often slightly damped to prevent 
dust) direct into a rotatory kiln or are moistened 
sufficiently to allow them to be moulded into 
bricks, dried and burnt in one ot tho kinds of 
fired kiln. 

Although wc| raw materials are naturally 
ground wet, and dry raw materials are ground 
dry, yet occasionally dry raw materials are 
ground wet, it being maintained by Home that 
any extra expenditure of heat to drive off the 
water added is compensated for by the more 
intimate admixture of the raw materials and the 
ease wifJh which the slurry may be conveyed by 
being pumped or allowed to flow in contrast to 


dry raw materials which require elevators, 
worm conveyors and similar mechanism. 

Tho raw materials finely ground, intimately 
mixed and in correct proportion (containing in 
most cases about 75 p.c. of calcium carbonate 
calculated on the dry substance, the balance 
being tho clayey constituents) are burnt to 
cement clinkers in various types of kiln. 

Tho earliest was the bottle kiln, a dome- 
skaped brick structure lined with fire bricks, 
having a short chimney and a grate. Tho 
lumps of dried slurry were loaded into this, 
mixed with coke, and the charge fired and allowed 
t-o bum out, the products of combustion escaping 
at the top of tho kiln An improvement on this 
is the chamber kiln shown in Kig. 1. It is 
a cup-shaped structure, lined with firo brick, in 
which the dried slurry and coke are placed in 
layers, communicating with a wide flue, which 
forms a floor on to which wet slurry can be run, 
the far end of the flue being connected with a 
chimney stack The hot gases from the kiln 
pioper pass ovoi the slurry and dry it, so that a 
chargo ih ready when the previous one is burnt. 
An ordinary chamber kiln will produce about. 
30 tons of clmker per run, which including 



loading and discharging, usually takes a week, 
and it will burn 40-50 p.c. of coke, reckoned on 
tho weight, of clinker produced. The coke is 
generally bought from gas works, though 
formerly eoko ovens were m use at. the cement 
works themselves, the products other than coke 
being wasted. As the coke and raw materials 
are mixed in the kiln, the ash of the coke appears 
m the finished cement, raising the proportion of 
silica appreciably , on tins account it is cus- 
tomary to use raw materials containing a higher 
j percentage of calcium carbonate in a kiln of thiB 
kind than in one in which the whole of the ash 
is not. retained, so as to compensate for the added 
■uhcious matter, but even with this precaution 
the product, is irregular, the ash attaching itself 
chiefly to the outside of the clinker and not 
ponetrating to the centre of the lumps. It is 
impracticable to burn the material uniformly. 
Parts will be almost fused, parts merely lightly 
calcined and decarbonated, barely sintered and 
not truly clinkered, while yet other parts will 
have attacked t.ho silicious lining of tho kiln, 
forming with it a sort of slag. Hence it is 
necessary to pick the charge when it is drawn, 
rejecting the underburnt and tho slagged 
material, and on the perfection of this picking 
the quality of the finished cement largely 
depends. 

The shaft kiln is another type of fixed kiln 
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UPPfR SHAFT 
CONTAINING RAW 
MATERIALS 


BURNING ZONE 


LOWER SHAFT 
CONTAINING HOT 
CLINKER 


in which the fuel is mixed with the raw material, hot gases from the burning chamber heat the 
There are various forms of shaft kiln, but the raw material in chambers ahead of it on their 
principle is the same in all cases, the raw material way to the chimney, the chamber representing 
and fuel proceeding vertically down a shaft to a the locus of combination continually shift- 
point where combustion occurs, and passing from , ing forward step by step all round the ring. As 
this down a continuation of the shaft to a might be expected, this kiln is economical of fuel, 
drawing holo from which the clinker can be ox- , but costly in labour for loading and unloading 
traeted. Loading and drawing proceed regu- 
larly, the kiln working continuously instead of | 
intermittently, as does the chamber kiln. The , 
working iB regenerative in the senso that the 
products of combustion from the burning zone 
pass up through the unburnt raw matonal, which 
is thereby heated and the air for combustion flows 
through the hot 
clinker in the lower 
part of the kiln, ; 
and thus is heated 
befoio taking part 
in the combustion 
The Schneider and 
the Aalborg lain 
arc examples of this 
typo, the latter is 
shown m Fig 2 
Another well- 
known shaft kiln 
with the modifica- 
tion that the uppoi 
and lower parts of 
the shaft are not in 
the same voilTeal 
line, is the Dielsch 
lain (Fig 3) In 
this, the heated raw 
material is received 
on a stage between 
the upper and lower 
part of the shaft 
and passes thence 
into the burning 
zone. In the illus- 
tration, two such 
kilns art* shown, 
built back to back. 

There are various 
modifications of the 
shaft kiln differing 
m details of design, 
some working with 
forced draught 
From their re- 
generative 
mode of work- 
ing, they are 
economical of 




SECTION 

Fig. 3. — Dietsoh Kiln. 

the chambers, and yields a product lacking 
uniformity. 

In modern practice, these various kinds of 
fixed kiln have ‘been displaced by the rotatory 
kiln, which, though originating in this country, 
was brought to a working success in the 


■Aalborg Kiln,' 


fuel, but require a good deal of moderately 
skilled labour and give a product mixed with 
the ash of the fuel and requu’ing picking. 

The Hoffmann or ring kiln (Fig. 4), largely 
used for brick making, is also used in the manu- 
facture of cement. The materials are moulded 
into rough bricks, and these are stacked in 
chambers arranged round a chimney which 
serves them all. Fuel is distributed between the 
blocks, and the working of the kiln is systematic, 
continuous, and regenerative. Passage from 
one chamber to another and to the chimney 
can be controlled, and thus burning can be 
carried on in one ohamber while the air for com- 
bustion flows in through hot clinker in chambers 
in whioh burning has been finished and the 
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Fig. 4.— Hoffman Kiln. 

United States, and began to be adopted here 
and on the Continent about 1898. This 
kiln is a steel cylinder lined with fire briok, 
set at a small angle with the horizontal, and 
capable of being slowly rotated round its axis. 
At the upper end the raw material is fed in, and 
at the lower is a burner sufficiently powerful to 
reach a clinkering temperature (about 14300° C.). 
As the cylinder rotates, the raw material travels 
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down the cylinder on account of the inclination, 
and on its journey is gradually raised in tempera- 
ture until it reaches the lower end, where it is 
clinkered and drops out. The process is con- 
tinuous, systematic, and to a considerable 
extent regenerative. The labour required is 
small and the output large per unit of plant. 
A large proportion of the fuel ash passes through 
tho kiln without attaching itself to the raw 
material, and such portion as remains is in- 
corporated with the raw materials and forms 

} >art of the linished product instead of being 
ai’gely confined to the surface of the clinker, 
as is the case with the product from fixed kilns. 
When burning is carried out properly, the whole 
of the product is uniformly clinkered and needs 
no pickmg, but may need quenching. 

The earlier rotatory kilns were some GO feet 
long and (5 feet external diameter. At the 
present time, an ordinary size is 200 X ^ feet 
and larger have been made and used. The 
output of a single kiln of this size is as much as 
1000 tons a week, according to its size, as com- 
pared with 30 to 70 tons a week for a fixed kiln. 
A rotatory kiln is run as nearly as possible 
day and night, including Sundays, throughout 
the year, stoppages being made only foi repairs 


or to patch the coating of clinker which forms 
on the fire-brick lining of the kiln (Fig. 6). The 
kiln was formerly of uniform, diameter, but 
modem designs are of larger diameter at the 
burning end, so as to provide a wider portion 
at the place where combustion is at its neight. 
The earliest form of rotatory kiln which ap- 
roached success, was fired with producer gas, 
ut many difficulties arose in the use of this fuel, 
and although the idea has mcntB and has been 
revived, it has not reached fruition. Oil burners, 
like a large blast lamp, having the oil sprayed in 
by steam or compressed air, are used with com- 
plete success wherever oil is cheap enough, but as 
the cost is too high in most countries, powdered 
coal is the standard fuel. Coal, preferably 
bituminous, and containing a moderate amount 
( 10 p.c.) of ash when well dried and very finely 
powdered, can be used to form a sort of blowpipe 
llamo much as if it were a fluid, the powder being 
driven into the lain by a blast of air and issuing 
from a jot much as gas might do, and burning 
there in a supply of secondary air supplied to the 
space around the jet and preferably predicated. 
In actual working, these conditions are realised in 
the following way : Small coal is dried in a 
rotatory drier heated by an independent hre or 



by the kiln gases. It is powdered very finely 
4 bo os to lea\e not more than 5 p c. residue on a 
sieve having 180x180 meshes per square inch. 
This powdered fuel is fed from a hopper into a 
pipe through which air is driven by an air 
compressor or a fan, and issues fiom the mouth 
of this pipe, which passes through a shield or 
screen covering the lower end of the kiln, as a 
jet of dry finely powdered combustible matter 
carried by a blast of air, insufficient for its com- 
bustion and serving chiefly as a means for its pro- 
pulsion in the form of a jet. This jet is set into 
the mouth of tho kiln and pointing towards the 
far end. Air for the combustion is drawn in by 
the draught of the chimney stack, with which the 
upper end of the kiln communicates, and on its 
way passes through a rotating cylinder down 
which is proceeding the red-hot clinker issuing 
from tho kiln, absorbing a portion of that heat, 
and carrying it to, the place of combustion. By 
these means a powerful jet of flame is produced, 
the temperature of which is ample for chnkering. 

Either dry or wet raw materials can lie 
burned in a rotatory kiln. Dry materials are 
fed in by a screw, the maae being’ usually slightly 
damped by a small proportion of water in the 
trough in which the Bcrew works, so that the 
fine dusty particles are not carried away by the j 


draught of the kiln. Wet rawj. materials are 
simply allowed to flow in fiom a trough m which 
the height of the slimy is maintained constant 
by a device such as a pump moie thun capable of 
the maximum flow, the surplus being leturned by 
a by -pass. The water, about 40 p.c. of tho 
weight of the slurry, is evaporated by the hot 
gases coming from the lower end of the kiln, and 
the dried sluiry forms itself into small nut-like 
masses as it rolls round the inside of the cylinder. 
These travel slowly downwards in a spiral path, 
and their temperature rises until the calcium 
carbonate is decomposed, the clay is dehydrated, 
and union begim between the acid and basic 
oxides, the silica, alumina, and ferric oxide acting 
in the first and the lime, magnesia and alkalis 
in the second sense, until finally the material 
becomes slightly plastic, and full combination is 
effected at a point near the lower end of the 
kiln, where the temperature is highest. The 
white-hot clinker passes into a cooler, such as 
the rotating inclined cylinder already mentioned 
in connection with the heating of the air neces- 
sary for combustion, where it is often, sprinkled 
with water for the double purpose of completing 
its cooling and of hydrating any lime which 
may not nave been perfectly combined in the 
kiln. 
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■frith dry raw materials the course of iopera- 
tions is the same, save that only the small 
quantity of watej: used to prevent dust has to 
be evaporated. 

On account of the fact that cement clinker 
is a basic material and that fire brick is an acid 
Bubstance, using those words in tho ordinary 
metallurgical sense, interaction may occur 
between theso at a cknkering temperature, and 
a slag may be produced. Any overheating will 
cause the rapia formation of this slag, with the 
result that the clinker will be spoiled and the 
linin g destroyed. But if the burning is properly 
conducted, tho action is not uncontrollable, and 
further can be prevented by the device of heating 
down the slightly plastic clinker on to the fire- 
brick lining, so that it adheres and itself forms 
the true lining, to which, of course, the rest of the 
clinker is chemically indifferent The coating 
breaks away from time to time, and needs to be 
patched by beating down fresh clinker on the 
fire brick thus left bare Linings of less acid 
substances such as bauxite, and basic linings 
such as magnesia bricks, have been tried, but all 
present some practical defect which makes them 
less suitablo than fire brick used in the way 
described. 

Good well-burnt clinker, whether mado in a 
fixed or rotatory kiln, is a hard rock-like mass 
of dark colour, varying from brown' to almost 
black. The pieces of clinker from fixed kilns 
are chiefly rough lumps of similar size to that of 
the blocks of raw material, and need a pre- 
liminary crushing in a stone hroaker before they 
can be ground The product from a rotatory 
kiln is in the form of small rounded masses, 
varying m size from a pea to a walnut. Some- 
times a number of these will stick together, 
making a mass a foot or more in diameter, but 
tho bulk of tho product is small enough to bo 
ground without previous crushing. 

Grinding is effected in machines similar to 
those used for preparing the raw materials. Ball , 
and tube mills and mills of the Grifhn and Hunt- 
ingdon class are in most general use. millstones, I 
such as were used for grinding corn, having been ; 
superseded on account of their small output and i 
heavy upkoep. The clinker is ground to cement ! 
having a residue of not more than 14 p.c. on a : 
180 X 180 -mesh sieve, and is conveyed meohani- ; 
cally to warehouses where it is stored and bagged 
or filled into casks. In a modern works, the 1 
whole operation from the reception of the raw 
materials to the filling of the bags is conducted 
almost wholly mechanically, manual labour ! 
being eliminated as completely as possible, an 
objeot easily attained with rotatory kilns, which 
do not require to be loaded and unloaded by 
hand. 

Testing Portland cement. The quality of 
Portland cement and its suitability for building 
purposes is ascertained by various mechanical 
tests and by its chemical analysis. The analysis 
shows whether the constituents fall within the 
recognised limits stated above, and detects the 
presence of such adulterants as blast furnace 
slag or Kentish rag (a silicious limestone), which 
diner widejy from cement in composition or 
contain some characteristic constituent such as 
calcium sulphide, which is almost or wholly 
absent from Portland cement. But as it is im- 
practicable to make a pioximate analysis of 


Portland cement, the ordinary analytical figures 
will not indicate whether the raw materials nave 
been sufficiently intimately mixed and suffi- 
ciently thoroughly burnt to form those cementi- 
tious sabstances constituting sound and service- 
able Portland cement. This question can, 
however, be satisfactorily settled by physical 
and mechanical tests. 

Codes of testing are in common use in all 
countries, and tho following are the principal 
requirements of the British Standard Specifi- 
cation : — 

The fineness to which the cement has been 
ground is a useful indication of quality, inasmuch 
as the coarser parts hydrate so slowly as to be 
of little or no cementitious value. 

Tho residue on a sieve 180x180=32,400 
meshes per square inch, shall not exceed 14 p.c. 

The residue on a sieve 70x70=5770 meshes 
per square inch, shall not exceed 1 p.c. 

The specific gravity of cement iH a useful 
criterion, and shall not bo less than 3*10. If 
below the* normal value, say 3’iO to 315, accord- 
ing to tho degree of aeration to which it has been 
subjected, it may generally be inferred that the 
cement has been underbumt. 

Tho mcdianwtl strength of cement is deter- 
mined by ascertaining the tensile strain of 
briquettes of 1 square inch section made of neat 
cement, and also of cement mixed with three 
times its weight of standard sand. 

The breaking strength of the neat briquettes 
7 days after gauging shall not be less than 
450 lbs. per square inch, and of the Band 
briquettes 200 lbs per square inch. 

The breaking, strength of the briquettes at 
28 days after gauging shall show an increase on 
the breaking strength at 7 days, and shall be not 
less than the number of lbs. per square inch of 
section arrived at from the following formulas for 
neat and Hand briquettes respectively : — 
Breaking strength at 7 days 

+ 40^000 11)8. 

Breaking strength at 7 days 
Breaking strength at 7 days 

+ 1 0,000 lbs. 

Breaking strength at 7 days 

The setting time of cement is useful in aiding 
choice of a cement for a given class of work. 
Three distinct graduations of time of setting are 
arranged for, designated as : 1 quick,’ ‘ medium * 
and ‘ slow,’ ranging from 10 minutes to 7*hours. 

Finally, the Amminess of cement, that is, its 
constancy of volume when set and consequent 
freedom from tendency to expand in the work 
of which it forms part, and thus to subject tho 
work to internal stresses sometimes so great as 
to cause its destruction, can be determined by 
observing the alteration of volume and con- 
dition of test pieces mado of tho cement and 
kept under conditions designed to develop and 
accelerate any latent tendency of the kind. The 
I test is carried out by means of the Le Chatelicr 
apparatus, which consists of a small split 
cylinder of spring brass or other suitable metal 
forming a mould 30 mm. diameter and 30 mm. 
high. On either side of the split is attached an 
indicator 150 mm. long«with pointed end. The 
j mould is filled with neat cement gauged in the 
I usual manner and placed under cold water for 
! 24 hours. It i» then boiled in water for 6 hours ; 
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any alteration in the distance between tho points 
is an indication of the oonstanoy of volume of 
the oement. The expansion should not exceed 
10 mm. when the sample has been aerated for 
24 hours, or 5 mm. after the sample has been 
aerated for 7 days. 

The specifications m use on the Continent 
and in America are similar to the British 
Standard specification as regards their aim, 
which is to ensure that the cement shall be 
mechanically strong and chemically stable. 
The tests themselves are also generally similar, 
the chief differences concerning the use of com- 
pressive as well as tensile tests and variations 
in the mode of determining the soundness of the 
cement. 

Other cements of the Portland class. Roughly 
it may be said that all cements made by burning 
a mixture of calcareous and argillaceous 
materials are of the Portland cement class, 
although they may not be true Portland cement. 
Roman cement is an example. It was manu- 
factured before the invention of Portland 
cement by calcining the nodules of indurated 
chalk and clay called upland, found m the Isle 
of Wight, and dredged upon the Kent and Essex 
coaBts. On burning, without any pioparation, 
these nodules give a cement having a composition 
of which the following analysis is an example . — 

Per cent. 

Silica (SiOjj) ... . 19(52 

Insoluble residue. . . 5"86 

Alumina (A1 3 0 8 ) • 1 9 ’30 

Ferric oxide (Eo 3 0 8 ) . 701 

Manganese oxido (MnO) . I'. r >7 

Lime (OaO) ... . 41-54 

Magnesia (MgO) ... .292 

Sulphuric anhydride (S0 3 ) . 2 (51 

Carbonic anhydride (CO,) , . 11 43 

Water (tl 3 0) . . 0-25 

Alkalis and loss ..... 1 *40 

100-00 

Roman cement has been almost wholly re- | 
placed by Portland cement. It is reddish in 
colour and very quick-setting, this property 
making it useful for work which has to be 
exposed to water immediately after it is laid. 

Various marls contain chalk and clay in 
about the proportion necessary to constitute 
Portland cement. These are burnt without 
preparation and form what is known as 1 natural 
oement. ’ Cement of this soK is, of course, 
irregular in composition and is apt to be un- 
sound. If well slaked before use, it is a service- 
able material of its class. Magnesian limestones 
containing argillaceous matter, are largely used 
in the United States for making natural 
oement. The following is an example of thoir 
composition : — 

Per cent. 


Silioa (SiO°) 22-77 

Alumina + Ferric oxide (Al 2 0,-f Fe 2 () 8 ) . 10-43 

Lime (CaO) 34-54 

Magnesia (MgO) 21-85 

Sulphuric anhydride (SO B ) • . . 1-44 

Carbonio anhydride (C0 8 ) . . .2-84 

Alkalis . . .c 3-63 

Water and loss 2 -60 


100-00 


Hydraulic limes are oements of the Portland 
olass, and are made by burning limestones con- 
taining sufficient clayey matter to yield the 
calcium silicates and alummates necessary in 
hydraulic cement. There are two types, with 
many gradations between them. The first is 
Chaux de Teil, made by burning a limestone 
containing silica so finely divided and so evonly 
distributed that it unites almost completely 
with the lime without the aid of any considerable 
quantity of fluxing constituents, such as alumina 
and oxide of iron, Iks composition is shown 
below : 

"Per cent. 

Insoluble residue . . • 0-62 

Silica (SiO,) . • • 22-10 

Alumina (A1 2 G 3 ) . • ■ \ l -K2 

Ferric oxide ( Pe i () 3 ) . . / 

Lime (LaO) ..... 66-72 

Magnesia (MgO) . ... 1-17 

Sulphuric anhydride (SO :i ) . . . 0 49 

Carbonic anhydride (00,) . 0 64 

Water (H ,())' . . 5-36 

Alkalis and loss . ... 1-08 

100 00 

The second instant e is afforded by the 
hydraulu lime prepared from blue lias limestone 
oecuinng m the Rugby district, near Lyme Regis 
and by Abeithaw In tins material, the pro- 
portion of alumina is much higher relatively 
to the silica than in tho ease of the Chaux 
de Toil An example of its composition is 
appended : 

Per cent. 


Insoluble residue . . . 2-39 

Combined silica (SiO,) . . 14-17 

Alumina (ALO ,) . *. 0*79 

Feme oxide (Fe/h,) . . 2-34 

Lime (CaO) . . (53-43 

Magnosia (MgO) ... .1-54 

Sulphuric: anhydride (SO,) . 1-03 

Car home anhydride (CO,) . . 3-64 

Water (H.O) . . 2-69 

Alkalis arid loss . . . J -38 


100-00 

As it is not designed in the case of hydraulic 
limes to cause complete umon of the acid and 
basic oxides, they invariably contain free lime 
which needs to be slaked. This is done systema- 
tically by tho manufacturer of lime of the Chaux 
de Teil class, but is not generally practised in this 
country, the operation being performed by the 
user. In either case, perfect slaking is necessary 
becauso any negligence in this respect will lead 
to expansion in the work of which the lime 
forms part, and the slaking must be accom- 
plished in such a way that, wliilst the free lime 
is slaked, the cementitious compounds remain 
untouched. 

Cements made from blast-furnace slag. Blast- 
furnace slag granulated by being run into water 
is feebly hydraulic if its lime content is suffi- 
ciently high. It is used as a puzzuolana (see 
below). If the slag is mixed with limestone so 
as to bring its composition within* the limits 
indicated for Portland cement, and the mixture 
is burnt, a product is obtained which is as much 
Portland cement as if it had been made from 
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chalk and clay. There is, however, a nfaterial 
made in Germany and known as Eison- Port- 
land cement, which consists of Portland cement 
(often made from blast furnace slag) to which 
some 25 p.c. of slag has been added after the 
manufacture of tho Portland cement itself. The j 
slag added has a puzzuolanic function similar to 
that of other siheious materials which are some- 
times added to Portland cement. But apart 
from these uses of slag, various patented pio- , 
ducts, of which Passow cement and Coll os , 
cement are examples, prepared by treating liquid 
blast furnace slag m such a way that it becomes 
definitely hydraulic and will set and resist the 
action of wator as does Portland cement, are 
manufactured. Processes for making these 
cements generally consist in suddenly cooling the , 
liquid slag and in adding to it, at the moment 
of cooling, small quantities of some extraneous 
material such as salts of magnesium or the 
alkalis. The cause of the action of the mode ] 
of cooling and of the addition is oliscurn, but the | 
fact re mairs that m this manner blast-furnace i 
slag, which untreated is relatively inert, is con- 
verted into a true hydraulic cement. 

Puzzuolanic cements. Except for limos which, i 
being made from a silieious limestone, happened 
to possess hydraulic propci ties, the earliest kind ; 
of hydraulic cement was made from ordinary 
lime mixed with a puzzuolana, that is, a silieious 
material sufficiently active to combine with the 


tion of slaked lime by its hydration in setting, it 
will be seen that there is a considerable quantity 
of calcium hydroxide unprovided for by any 
acid oxide. It follows that this will act in the 
same way as ordinary slaked lime in combining 
with any activo silieious substance, and hence 
that puzzuolanas can be employed as additions 
to Portland cement which arc useful in increasing 
its content of cementitious matter. 

Use of Portland cement. The original object 
of manufacturing Portland cement and similar 
substances was to obtain a material which would 
both set and would icsist the action of water, 
lint it was soon found that the great mechanical 
strength of Portland cement made its use 
advantageous, even when it had not to bo 
exposed to water, and at the present day it is 
the structural cement jxir excellence, and on 
account of the great decrease in cost due to 
modern method of manufacture, it tends to 
displace all other building cements, including 
common lime. Its largest application is to 
form concrete by cementing together any cheap 
inert stony material which may be locally 
available, and by the use of this substance, huge 
works of all kinds are constructed at a cost 
much inferior to that of the same work in 
masonry. It has been found that Portland 
cement, when mack' into mortar or concrete, 
will adhere strongly to non and steel if tho latter 
is clean and not too smooth, and oil this observa- 


limo and form a cementitious silicate. Natural 
puzzuolanas arc volcanic' m origin, the deposits 
known as Roman and Neapolitan puzzuolana, 
santorm earth, and trass being examples. 

Analyses are given below of Roman and 
Neapolitan puzzuolanas and of a similar material 
from Java : 


Insoluble sllleimi 1 - matter 
Soluble silica (SiO a ) 

Alumina 4- Fen ie ce ide AUO. 

+ Fe*0 9 
Lime (CaO) . 

Magnesia (MgO) . 

Sulphuric anhydride (S0 8 ) . 

Water + carbonic anhydride 
(H,0 + C0 2 ) . 

Moisture, alkalis, lo^s . 


Neapo- 

litan 

puz/u- 

Olttllil 

Homan 

pu/zu- 

ol.uni 

Java 

trass 

pc 

35 38 
27 80 

pc. 

25 91 
22 64 

p.c 

50 10 
19 82 

19 80 

5 08 
o 

time 

22 71 

4 06 

1 87 
trace 

10 96 
ml 

0 13 

4 27 
ft- 72 

8 92 

4 88 

7 57 

5 62 

j 100 00 

100-00 

100 00 


! tion tho preparation of the material known as 
I reinforced concrete is based. It is made by 
i constructing a skeleton of mild steel rods, often 
' tied together by steel who and filled in with 
Poitland cement concrete, the stool being so 
disposed as to tako the tensile stiesses m the 
j composite structure. It fortunately happens 
that the coefficients of expansion by heat of 
j ordinary mild steel and of concrete are nearly 
identical, and thus internal stresses, such as 
might occur wliero two diverse materials are 
bonded together and exposed to fluctuations of 
temperature, are of very modorate magnitude 
j and do not appreciably influence the mechani- 
] cal stability of the product. Although on the 
: whole a permanent material, Portland cement 
j may be injured or destroyed under various con- 
; ditions incidental to its use. Set cement is 
[ the product of the action of water, blit it is 
| not indifferent to tho further action of water, 
j Tho products of tho hydration of Portland 
cement and its congeners are calcium hydroxide, 
which is soluble in, and hydrated calcium 
silicates and aluminates which are decomposable 
; by water. Therefore when water has free access 


Granulated hlast-fumaco slag, broken brick to set cement and can flow through the concrete 


and burnt clay are artificial puzzuolanas some- | or mortar of which it forms part, the cement 
times used to produce hydraulic cements when j is dissolved and destroyed. Jn practice good 
added to ordinary lime. The quantity to he | concrete is mado so nearly impermeable that, 
added can be calculated on the assumption that I except under heavy pressure, no such flow occurs, 
the liberated lime combines in about the same I but if the concrete is loose m texture and the 


proportion with tho activo silica in these as it flow of water correspondingly easy, destruction 
does with the silica in Portland cement, it being is only a matter of time. When the water con- 
understood that the silieious material is suffi- tains salts of magnesium or calcium sulphate, 
oiently finely ground to unite with the lime. Tn which act on the lime in the one ease and on the 
practice, puzzuolanic materials are usually calcium aluminate in the other, forming part of 
ooarsely ground, and only a fraction of the active the set cement, the rate of destruction is much 
silica enters into combination, the balance of the increased. Thus it comes about that in all 
puzzuolana acting merely as an aggregate. under- water work, and more particularly in sea 
From what has been said concerning the water, the concrete to be permanent must be 
constitution of Portland cement and tho forma- impervious. There are minor and loeal causes 
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of destruction such as contact with waters con- 
taining dissolved gases, e.g. C0 2 and SO z , com- 
petent to act on the calcareous constituents of 
cement, but in general the failure of a concrete 
structure, whon due to chemical action and not 
to mechanical weaknosR, can be traced to the 
flow of water, and usually saline water, through 
the fabric. B. B. 

CEMENTATION v. Iron. 

CEMENT COPPER v. Copter. 

CEMENT STEEL e. Iron. 

CEMENTITE, an iron carbide, Fe 8 G, con- 
taining (id) p.e. carbon, is an important consti- 
tuent of cast iron and steel (Abel and I leering, 
Proc. Inst. Mooli. Engineers, 1885, 30'; Moissan, 
Compt. rend. 122, 121). In steels containing 
1*5 ]).o. or more of carbon, free eemcntito is 
found erystalbsed in large pseudo-hexagonal 
plates ((froth, Oliem. Krystallographic, 190(5, l ), 
and m practically all steels it exists with pure 
iron ( ferrite ), in the eutectic lmxturo called 
penrhtc (Ledebur, Stahl u. Eisen, 1898, 742). 

It is very brittle and harder than hardened 
steel or glass (H. =(>) (Muller, Staid n Eisen, 
1898, 292), and its presence is the cause of the 
hardness of ‘ white ’ or ‘ chilled ’ cast iron. 
(Howe, Motallographist, 1901, 177). It is 
recognised undei the microscope by its hardness 
and resistance to etching. 

As rohcnde, it is present m meteorites 
(Weinsehenk, Ann. Museum, Wien, 1889, 1, 91). 
CEPHAELINE w. Ipecacuanha. 

CERADIA r. Oleo-rbsins. 

CERARGYRITE or Hornsilver. Native 
silver haloids, Ag((!l,Br,T), occurring as small 
holohodral-cubie crystals and as compact masses 
with a horny appearance and texture. The 
material is soft (H.~2£), tough, and sectile, and 
cuts like horn. On exposure to light, it quickly 
darkens The name ‘ homsilber ’ was used by 
0. Oesner in 1505, and the (frock form eerar- 
gyrite was iirst used by F. S. Beudant in 1832. 
After the recognition of the bromide and cliloro- 
brotnide in 1841 and 1812, the name cernrgynto 
came to bo applied more especially to the 
chloride. But as the different, members of the 
group so closely resemble one anothor that they 
can often only be distinguished by analysis, it 
is more expedient to include them as sub-species 
under the name corargyrito [see Prior and 
Spencer, Minoralog. Mag. 1902, xiii, 174), viz. : 

Chlorargyrite, AgOI. Grey or colourless, 

qfi.gr. 5*556. 

Bromargyrite, AgBr. Greenish -grey. 

Embolite, Ag(Cl,Br): Greenish -groy. 

Iodembolite, Ag((,l,Br,I). Groenish-yellow to 

orange-yellow. 

Isomorphous mixtures are the rule, and of 
these sub-species embolite (q.v.), with chlorine 
and bromine in indefinite proportions, is the 
most abundant. Large quantities of these 
minerals have been mined as silver ores in 
Mexico, Chaiiareillo in Chile, and Broken Hill in 
New South Wales. They occur in the uppor 
oxidise! zones of veins of silvor ore, and have 
no doubt been formed by the action of salt 
waters percolating from above. 

.Silver iodide forms a distinct mineral (v. 
Iodybitb) crystallising in the hexagonal system, 
but at a temperature of 1 4G° it passes over into a 
eubic modification, L. «T. S. 


CBRASIN v. Gums. 

CERASINE, -ORANGE, -RED, v. Azo- 
colouring MATTERS. • 

CEREALS. The cereals are the fruits or 
seeds of various species of Gramme®. In all 
parts of the world they constitute the most im- 
portant food of mankind, and are utilised not 
only for bread corn and the feeding of stock, 
but also for the fabrication of a number of 
fermented drinks and industrial products like 
starch. 

The most widely distributed cereals are 
wheat and barley, which grow in almost all 
climates ; oats are more confined to* northern 
latitudes , maize, and still more so nee, do not 
ripen, as a rule, north of 45° ; while the millets, 
sorghum, and durra are truly tropical or sub- 
tropical m their habits. 

In view of their importance as food, a very 
large number of analyses have been made of the 
various cereals grown under all conditions, and 
of the products manufactured from them ; the 
most complete sources of information on this 
point, are Konig, Ghenue der nionsehlichen 
Nahr- und Genussin. 1903, and the various 
publications of the U N l)ep. of Agne , T>iv. of 
Chomistrv, particularly Bull. 13 (1899), 9, 45, 
and 50. 

While each coieal grain possesses its own 
characteristic composition, subject to variations 
determined by climate, season, variety, &r., 
they have still a general similarity and possess 
many features m common. The predominant 
constituent is always starch, which, together 
with certain closely allied carbohydrates — the 
amylans — and a little sugar, forms from 50 to 80 
p e of the whole grain Various proteins are also 
prosont in inverse ratio to the carbohydrates ; 
they fall os low as 0 p.c in nee, and rise to 20 p.c. 
in some varieties of wheat. A small quantity 
of fat or ml is also found, most abundantly in 
maize and oats, when* the average percentage is 
about 5-6. Tho proportion of fibre and of ash 
varies very greatly according to whether the 
gram of commerce consists of the naked fruit 
alone, as in wheat., rye, and maize, or whether, as 
in barley and oats, tho flowering glumes remain 
adherent and can only be removed by subse- 
quent manufacturing processes. r l he ash of the 
cereal grains shows certain marked character- 
istics : it iH always very rich in phosphoric acid, 
up to nearly one-half of tho ash when the grain is 
naked ; potash and magnesia predominate 
among the bases, lime and soda being present in 
but small amounts, while still loss chlorine or 
sulphurio acid (derived from organic sulphur 
oompounds) are to be found ; silica is almost 
absent from the nakod grains, but may con- 
stitute 5-20 p.c. of the ash of these grains 
possessing an adherent husk. 

The structure of all cereal grains shows the 
following features in oommon : in addition to 
the ohaffy membranes of the flower, which may 
or may not be adherent, the grain proper pos- 
sesses several fibrous coats or skins. Within 
these skins at the end of the grain formerly 
attached to the plant, lies the embryo or germ, 
constituting about 3 p.o. of the wfyole, but the 
greater part of the seed is occupied by*the 
starchy endosperm, the outer membrane of the 
embryo which abuts against the endosperm being 
known as the scutellum. The endosperm 
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consists of a series of thin-walled cells tightly 
packed with starch grains enclosed within a 
thin network of protein, but immediately below 
the skin there exists a row of difforently shaped 
cells known as the aleurono layer, especially 
rich in protein. It will now be convenient to 
consider the cereals separately. 

Wheat. The average composition of wheat 
from various sources is given in Table I., ex- 
tracted from the sources above quoted. A 
number of other analyses may also be found in 


i Vilmorin, Bull. Soc. Nat. Agr. Franoe, 1901, 01, 
73. 

Tho composition of whoat is subject to oon- 
] siderablo variation, and as tho value of the wheat 
for broad-making iH intimately connected with 
' tho amount of nitrogon it contains, tho effect of 
, external conditions upon this constituent has 
j been extensively studied. As factors bringing 
; about variation, we may enumerate ( 1 ) variety, 
(2) climate, (3) season, 14) soil, (5) manuring, 
(0) date of cutting, &c. 


Table I. — Analyses op Wheat. 


— ■ 

No <»f 
samples 

Wntei 

Protein 

Fat 

Chi Oo- 
liydintea 

Crude 

llbro 

Ash 

English .... 

22 

13 37 

10 99 

1 80 

09 21 

2*90 

1-07 

United States 

108 

10 02 

12 23 

1 77 

7118 

2-30 

1-82 

„ ,, New Yoik 

8 

10 38 

12 34 

1 92 

71*03 

2 07 

1*67 

„ ,, Oregon 

11 

11 53 

9 19 

1*72 

73*01 

2*25 

1*09 

„ South Dakota 

8 

9 02 

14*89 

2*04 

09*89 

2*49 

1*70 

Canadian North-West (Fife). 

IS 

12 05 

13 84 

1 *79 

08 53 

2 21 

1 58 

Franco .... 

70 

15 20 

12 04 

1 41 

08*92 

2 00 

100 

Germany, S. and S.-W. 

winter wheat 

r>2 

13*37 

12 29 

1 71 

07 90 

2 82 

1-85 

„ „ spring „ 

30 

13 37 

14*95 

1 50 

07* 

93 

2-19 

Russian, spring wheat 

39 

13 37 

17*05 

1 58 

05*74 

— 

1*06 

Argentine . 

5 

9 55 

12 78 

1 84 

71*15 

2*09 

1*99 

American — durum 

2 

10*10 

15*08 

2*49 

70*74 

2 01 

1*90 

„ — cinkorn . 

4 

8*34 

14 07 

2 19 

55*07 

13*50 

5*57 

,, — emmer 

25 

8*08 

13 24 

U89 

00*85 

11*27 

4*07 


(1) High nitrogen content m wheat is usually 
associated with a horny translucent giam, bald- 
ness, and strength (/ e capacity to make a large 
well-piled loaf). These qualities aio most 
markedly seen in the wheats from Manitoba, 
Kansas, Hungary, and South Russia, where the 
high nitrogen content is mainly due to environ- 
ment. but partly to the varieties grown. In 
England, where tho climate tends to produce a 
soft, starchy wheat, it is found that variety is 
tho chief factor in determining the proportion of 
nitrogen. In the typical Ehglisli wheats, the 
variations in the percentage of nitrogen ate 
small, 1*6 to 2 5 p c , according to the season, but 
oertam wheats, like Rough Chall, Red Lammas 
and Golden Drop, always show higher per- 
centages of nitrogen than others like Rivett, 
Square Head’s Master, and Stand Up, when 
grown alongside on the same soil and m the same 
season. Moreover, a few varieties have been 
found, notably Fife, a wheat of Galician origin 
but widely disseminated in Canada and the 
United States, which retains m England some- 
thing of the high nitrogen content and strength 
characteristic of North-Western America, and 
nearly always shows a nitrogen content of well 
over 2 p.c. (tee Hall, J. Board Agnc. 1904, 
II, 321 ; Humphries and liiffen, J. Agric. Sci. 
1907, 2, 1 ; papers read at the Winnipeg 
meeting of tho British Association, Jour. Board 
Agric. 17, 1910). Moreover, Biffen (J. Agric. 
Sci. 3, 1909, 80) has shown that high and low 
nitrogen content are Mendelian characters 
which segregate and are inherited without 
bleeding. 

Certain new varieties thus raised, e.g. 
Burgoyne’s Fife and Yeoman, combining the 
high nitrogen content and strength of Fife with 


the cropping powers of English wheats, arc now 
grown on a commercial scale. 

(2) Climate is more potent than any other 
factor in causing variations m tho composition 
of wheat. Lcolerc and Loavett ( U.S. I)ep. of 
Ague. Div. of Chem. Bull. 128, 1910) grew tho 
same varieties of whoat in throe localities with 
widely differing climates, and in the next yoar 
grew on seed from each locality at all three 
| places, with the following results as regards 
protein content : — 





1 Protein Iji product 

Year 

Origin of 

Protein 


grown in 

seed 

in seed 

Kansas 

Cali- 

fornia 

Texas 


1900 

Kansas 

10*22 

19*13 

10*38 

12*18 

j 1907 

Kansas 

19*13 

22*23 

11*00 

10*97) 

1907 

California 

10*38 

22*23 

11*33 

18*22} 

1 1907 

Texas 

12*18 

22*81 

| 11*37 

1 8*21 ) 


Thus the seed of Kansas origin and contain- 
ing 19*13 p.c. of protein, when grown in Cali- 
fornia in 1907 yielded gram only containing 
1 1 *00 p.e. of protein ; whereas m the same year 
seed from tho same original stock but grown in 
California m 1900 and only containing i0*38 p.c. 
protein, when moved back to Kansas, yielded 
gram containing 22*23 p.e. of protein. In these 
cases, the influence of environment is enormous, 
and in the main the strong high nitrogenous 
horny wheats of the American North-West, 
Hungary and Russia, owe these qualities to their 
environment. They ar^ spring sown when the 
severe winter is over ; they receive considerable 
rainfall during their early growing months, fol- 
lowed by great hoat with progressive dryness of 
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the atmosphere, the cycle of growth being com- 
pleted in four months or less. The soft low- 
nitrogenous wheats are generally winter sown 
with an equably distributed rainfall, as m 
Western Europe, though, as the experience of 
California, Oregon, Australia, and India shows, 
great heat and dryness at the ripening stage 
will not ensure a high nitrogen content. While 
climates like Kansas impart a high nitrogen 
content to all varieties, some varieties commonly 
grown there, like Fife, possess a high nitrogen 
content congenitally and retain it m climates 
like the English, where other wheats with a high 
nitrogen content in Kansas at once deteriorate. 

(3) Season has a much greater effect than 
manuring in altering the composition of wheat, 
change of season being, in tins respect, com- 
parable to change of climate and enviionrnont 
Tho variations of English seasons, however, aie 


never 4 sufficient to induce ‘ strength ’ com- 
parable to that found in the wheats of the 
American North-West, &c. 

The following table shows the variation in 
tho composition of wheat grown on the experi- 
mental plots at Rothamsted in 1852, a wet cool 
year, and 1803, a dry and hot year. 

(4) Taken by itself, soil has not a very large 
effect upon tho character of the wheat grown ; 
in fact, m practice it is difficult to disengage the 
variations due to soil from those depending on 
the changed environment generally, soil being, 
as it were, a factor in climate. 

(5) The composition of wheat shows some 
variation with the character of the manuring, 
but the variations are not- large. The following 
results were obtained with the wheat grown on 
the Rothamsted Experimental plots in 1893, 
the fortieth soason in which the plots had been 


Weight per bushel, lb. . 
Weight of 100 grains, grams 
Grain to 100 straw 
Nitrogen in dry grain, p.c. 
Nitrogen in dry straw, p.c. 
Ash in dry grain, p.c. . 

Ash in dry straw, p.c. . 


Dung 


( 1852 
) 1 853 
(1852 
) 1803 
( 1852 
{ 1803 
(1852 
1 1803 
(1852 
} 1803 
^ 1852 
) 1803 


58-20 
03 10 
3-40 
5-35 
49 00 
07 50 
24)2 
1 *52 

0- 40 

0 25 

1- 98 

1 85 


\ 1 852 7 04 

1 1803 0-42 


8 

7 

10 

11 

Un- 

N 

P2<>B 

k 2 0 

N 

N 

manured 

only 

*V> fi 

56-60 

56 00 

55-90 

65-60 

62-70 

62-60 

62-60 

62-50 

2 88 

3-08 

3-26 

2-94 

5 02 

4-79 

4-51 

4-76 

53 90 

41 90 

47-30 

47-80 

70-40 

59-40 

74 30 

70-40 

2-08 

2-29 

2-48 

1-95 

1 -65 

1-53 

1-70 

1-79 

0-57 

0-87 

0-89 

0-46 

0 33 

0-36 

0-35 

0-44 

2 03 

1-95 

1-83 

1 90 

1 95 

1-73 

1-56 

1-72 

7-04 

5-55 

5-60 

6-10 

712 

5-22 

5-40 

5-48 


growing wheat with the same manures on the 
same land, thus setting up much more ex- 
treme differences than would occur in prac- 
tice : — 


Plot 

Manuring 

Weight 

pcrbushcl 

lbs. 

Nitrogen, 

p.c. 

Ash, 

p.c. 

3 

Unmanured 

62-7 

1 -997 

1-84 

5 

Mineral, no N 

62 3 

2-015 

2-04 

6 

Minerals -j- 43 lbs.N 

63 1 , 

2-187 

1 98 

7 

„ -t-861bs.N 

62-5 

2-401 

1 -92 

8 

„ + 129 lbs.N 

62-4 

2 352 

1-89 

10 

j 86 His. N only 

59-1 

2-084 

1-70 

2 

Farmyard manure 

63-4 

2-264 

1-96 


The wheats from these plots have also been 
ground and the Hours resulting baked separately, 
whereupon they show extreme differences in 
quality and in the character of tho loaf they 
yield {see Hall.J.c.). 

(6) It will l>e seen from the table of composi- 
tion that spring wheat possesses a higher nitrogen 
content than winter wheat, and it lias been 
supposed that the difference can be correlated 
with the shorter period of growth of the former. 
Direct experiment, however, with the same 
variety of wheat sown at monthly intervals, did 
not support this view (Humphreys, l.c.). In 
the climates producing high nitrogen content 


I and strength, the wheats must bo necessarily 
spring sown, t.e. spring sowing and high nitrogen 
content are both results due to tin; same environ- 
ment and are not casually related. 

Similarly, the farmer’s idea that early outting 
gives rise to strength is not confirmed by experi- 
ment., though wheat cut green may appear 
soinowhat homy. Again, prematuro ripening is 
associated with climates producing strength, 
though it is not the cause of strength. 

(7) Various investigations have been made 
into tho chapge of composition of the grain of 
wheat during its development (Pierre, Mem. 
Soc. Linn6ene de Normandie, xv. 1869, 1, 220 ; 
D6horain, Ann. Agron. 8, 1882, 23; 20, 1894, 
661 ; Adorjan, J. fiir Landw. 1902, 50, 
193 ; Teller, Arkansas Expt. Sta. Bull. 52, 
1899). 

Hall and Brenchley (J. Agric. Sci. 1909, 
3,195) obtained the results on wheat grown at 
Rothamsted, shown in table on opposite page. 

It will be seen that the immature grain is 
richer in nitrogen and ash ; it also contains more 
ready-formed sugar, and possesses a slightly 
higher diastatic power. Other determinations 
show that in tne early stages about three 
quarters, but at ripeness practioally the wHole, 
of the nitrogen is in the protein form. The 
figures, however, do not support the idea that 
in the later stages of filling the grain, only starch 
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Broadbalk, Plot 3.— 1907. 


Date 

Green 
weight of 
1000 grains 

Dry weight 
of 1000 
grains 

Specific 

gravity 

Per cent 
nitrogen In 
dry matter 

Percent. 
asJi in dry 
matter 

Per cent. 
P 2 0 6 in 
ash 

Per cent, 
dextrose in 
dry matter 

Maltose 
produced 
by 100 of 
dry matter 


Grams 

Grams 







July 16 

13-75 

3-51 

1-116 

2-679 

3-70 

33-06 

— 

— 

„ 19 

21-05 

5-43 

1-116 

2-406 

3-03 

36-91 

14-99 

339-4 

„ 22 

32-47 

8-14 

1113 

2-458 

3-14 

36-88 

11-08 

324-7 

„ 25 

39-70 

11-10 

1-116 

2-167 

2-80 

38-73 

7-36 

541-4 

„ 28 

45-95 

1405 

1-099 

2-119 

2-66 

38-86 

0-71 

650-7 

„ 31 

51-30 

17 99 

1 116 

! 2-055 

2 39 

38-68 

6-23 

597-1 

Aug. 3 

50-69 

21 15 

1-128 

1-850 

2 38 

40-35 

3-70 

510-6 

„ 0 

57-91 

24-97 

1-113 

1-828 

2 16 

42-54 

2-42 

442-9 

„ 9 

02-48 

28-98 

1 196 

1-801 

2-16 

44-17 

2-17 

412-0 

„ 12 

03-08 

32-20 

1-215 

1-720 

2-09 

44 30 

1*86 

378 1 

„ 15 

63-19 

35-09 

1 218 

1 850 

1-89 

44 06 

1-46 

277-9 

18 

70 89 

37 93 

1-231 

1 787 

1-96 

46 50 

1-99 

441-0 

„ 21 

66-30 

38-69 

1-204 

1 840 

1-94 

40 13 

1-91 

343-7 

„ 24 

| 

01-01 

37 96 

1-271 

1-778 

1 -93 

46 30 

2-02 

322-1 


onto re, the material entering the gram is of 
almost uniform composition throughout. In 
the final ripening process, desiccation is the 
most pronounced change setting in 

Carbohydrates of Wheat — The eai bohydrates 
present m wheat grain have been examined by 
Stone (U S l)ep. of Ague., Oflice of Expt. 
Stations, Bull. 34, 1896), who found sucrose and 
reducing sugars, amylans and pentosans, in 
addition to starch, winch is the principal con- 
stituent of the endosperm. It has also been shown 
by Whymper (lilt. Cong App. Chem. London, 
1909) that the larger granulos of the starch con- 
tained in the endosperm are more readily attacked 
by the diastase secreted during germination. 

The sugars are chiefly present in the germ, 
and among them Schulze and Frankfurter 
identified rallinose (Ber. 27, 1893, 04). 

Proteins. — The proteins contained m wheat, 
and particularly in flour, have been the subject 
of considerable investigation ; references to 
Ritthausen and the other earlier workers will be 
found in Osborne’s papers (Amer. Chem. J. 
1893, 15, 392; 1894, 10, 524; Amer. J Phys. 
1905, 13, 35; 1900, 17, 223; Carnegie Inst. 
Washington, 1907, Pub. 84), from which the 
following summary has been extracted : — 

‘ The proteins of the wheat kernol are 
gliadin, insolublo in neutral aqueous solutions, 
but distinguished from all the others by its 
ready solubility in neutral 70 p.c. alcohol ; 
glutenin, a protein having a similar elementary 
percentage composition to gliadin, soluble in 
very dilute acid and alkaline solutions, but 
insolublo in dilute alcohol or neutral aqueous 
solutions, and yielding a wholly different pro- 
portion of decomposition products when boiled 
with strong acids ; Icucotnn , an albumin-like 

E rotein, freely soluble in pure water, and coagu- 
ited by heating its solution to 50°-G0° ; a 
globulin similar in composition and properties 
to many globulins found in other seeds, and one 
or more proteoses which arc present in very 
small quantity. It has also been shown that 
the proteins obtained from the embryo of the 
wheat are the globulin, albumin, and proteose 
above mentioned, and that these form nearly 
all of the protein subetanoe of this part of tho 


seed. It thus appears that those three proteins 
are contained clueliy m the embryo, and that 
gliadin and glutenin form nearly tho whole of 
tho proteins of the endosperm, or over 80 p.c. 
of the total protein matter of the seed. It is 
possible that a part of the albumin, globulin, 
and perhaps minute quantities of the proteose, 
are eontamed also m the endosperm, lor these 
proteins are always found in flour from which, 
in the milling process, the embryo is very nearly 
completely separated. , . . 

“ ( Jluten contains the greater part of the 
protein matter of the seed, together with a little 
starch, fat, lecithin, and phytocholesterm, and 
possibly some carbohydrate substance or Bub- 
stances of as yet unknown character. These 
non-protein substances are probably not united 
with one another m the gluten, but are mecha- 
nically mixed. The quantity of starch that 
remains in the gluten depends on the thorough- 
ness of the washing, while the other substances 
owe their presence largely to their insolubility 
in water. The chief constituents of the gluten 
are the two proteuls, gliadin and glutenin, the 
relativo proportions of which vary with the 
variety of wheat from which the flour is made. 
Tho character of the gluten and the commercial 
value of the flour depend, to a large extent, on 
the proportion of gliadin to glutemn. 

‘ In the metis t gluten, theso proteins are 
present combined with about twice their weight 
of water, which is gradually lost on exposure to 
dry aii’ or at an elevated temperature. 

‘The gliadin and glutemn are present as 
such in the seed, and are not, as was formerly 
supposed, derived from other protein substances 
through the action of an enzyme. This is shown 
by the fact that they may be obtained directly 
from the flour by the same treatment as that 
which yields them from the gluton, and under con- 
dition?* which preclude the action of an enzyme. 

‘ The characteristics of tho different wheat 
constituents, the products which they yield on 
hydrolysis, and related questions are also con- 
sidered, and the nutritive value of wheat gluten 
and other proteins is discussed on the basis of 
the kind and amount of the cleavage products 
whioh they yield on hydrolysis. 
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‘ Tho amount of glutaminic acid which the 
gluten proteins yield is far greater than that 
yielded by any of the othor food proteins, with 
the exception of gliadin from rye and hordein 
from barley. Tho proteins of the legumes and 
nuts which are used as food yield from 15 to 
20 p.o of glutamimc acid, so that the mean 
amount of this ammo- acid from the wheat 
protein is nearly twice as large. The same also 
is true of ammonia. 

‘ The proportion of arginine from wheat 
gluten is relatively small compared with that 
from most other seed proteins, many of which 
yield from 10 to Hi p.e of this base. 

‘ The proportion of lysine is likewise small, 
especially compared with that obtained from 
the leguminous seeds. The amount of histidine, 
however, does not differ very greatly fioin that 
of the other seed proteins What significance 
these differences have m respect to the nutritive 
value of these different prot-oms must be deter- 
mined by future investigation, for it has only 
very recently been discovered that such differ- 
ences exist.* 

Fat — Wheat contains about I 5 p.c of fat, 
the highest proportions being found in the 
wheats from the Canadian North-West. It is 
mostly present m the germ, in winch it may 


I amount to 15 p.c. This oil easily turns rancid, 
and is characterised by a high iodine number 

(115). 

Ash . — Analyses of the ash of wheat may be 
found in Wolff, Asehenanalysen, Berlin, 1871 
and 1880 ; Lawes and Gilbert, Chom. Soc. Trans. 
1884, 45, 305. 

The table given below, from unpublished 
Rothamsted records, shows the variations in- 
duced by manuring in 1890, the forty-fourth 
season m which the wheat had been grown on 
the same plots with the same manures. 

Mill ad acts of Wheat . — An account of the 
vanous pioduets obtained duiing tho conversion 
of wheat into flour, with analyses, is contained in 
Part 9, Bull. 13 (1898) l 1 S. J)ep. of Agile. 
I>iv of Client. Su also Maurizio, Getreide Mehl 
u Jirot. Berlin, 1903. For milling offals, see 
(!i an held, J Ague. Sci 1914, vi. 102 

Baking gualitus of Wheat Flow --The eailicst 
attempt to determine the quality of flour in a 
bakers sense, i c the powoi of the flour to pro- 
duce a large firm loaf, consisted m estimating 
the weight of gluten that, could bo kneaded out 
of a given weight ol' flour. While tins test 
piovecl to be of value in comparing flours from 
similai wheats or Horn wheats grown in the 
same locality, so many exceptions occuired that 


Bkoauhalk Wheat Ghatn — Season 1890 


Plot 

2b 

1 

, 3 ami i , 

0 

y 

I0ab 

JJ~ 

12 

13 

14 

Ash in dry matter 

1 99 

! J-84 

1 88 

1*74 

l 57 

1-72 

1 78 

1 79 

1-79 

Nitrogen in „ 

2 115 

| 1 -835 ( 

1 849 

2 101 

1 91 ! 

1 931 

1-040 

1 -875 

1-954 

Feme oxide . 

0 97 

9 81 

981 

0 79 

9 98 1 

9 735 

9 755 

0-744 

0-995 

Lime 

2 10 

3 30 ' 

2 79 

3 99 

4 -91 

4 93 

4 00 

3 21 

4-23 

Magnesia 

19 87 

19 28 | 

10 31 

10 59 

19 19 

9 89 

9-99 

9 93 

10 39 

Potash . 

31 75 

33 92 j 

33 08 

33 23 

34 79 ! 

32 33 

32-92 

33 97 

32-21 

Soda 

; 9-030 

0 101 ; 

0 997 

0 984 

9-199 

0 195 

0 115 

0-078 

0 114 

Phosphoric acid 

51 79 

48 34 | 

49 91 

48 97 

43-07 ; 

48-09 

48 30 

48-79 

47-83 

Sulphuric acid 

0 89 

1 52 : 

1 29 

1 28 

! 3 38 ! 

J-49 

J 39 

1 22 

1-49 

Chlorine . 

0 920 

0 305 | 

, l 

0 954 

0-205 

0 973 

0199 

0 138 

0 088 

0-279 

Silica 

0-49 

(h r >5 

0 53 

0 43 

1 

0-94 1 

0 49 

0 48 

0-45 

0-45 

Sand and charcoal . 

1 29 

138 ' 

1 89 

1 91 

' 149 1 

2 30 

2-18 

1 45 

2-39 


no absolute value could be attached to the 
test. 

Estimates based oil the total nitrogen m the 
flour proved to be subject to the same errors 
Measurements weie then made of the gliadin, 
the wheat protein soluble m 70 p.e. alcohol ; 
Fleurent further suggested that the ratio of the 
gliadin to the glutcnin in the gluten determined 
its quality ; but these methods m turn brokq 
down under criticism (we Hall, l c.) T. B. 
Wood (Jour. A#nc. Sci. 1908, 2, 130, 207) 
regards baking quality as dependent on two 
factors : the size of the loaf is determined by 
the amount of sugar contained in the flour, 
together with that produced in tho dough by 
diastatic action. This determines the evolution 
of carbon dioxide, under tho action of the yeast, 
both as to rate and total amount. Then the 
quality of the gluten, which determines how the 


dough will stretch into a sponge and retain 
the carbon dioxide, depends on its physical 
character, which will vary enormously according 
to the state of equihbiium between tho colloid 
gluten and the salts in the water with which it 
is m contact Under certain conditions the 
I gluten loses all consistency, its physical character 
being entirely conditioned by the surrounding 
liquid. 

In practice millers now add malt extract to 
! certain flours m the dough -making process, in 
' order to increase the evolution of carbon dioxide. 
Soluble phosphates are also introduced whereby 
the elasticity and gas-retammg powor of the 
gluten is increased. The quantities necessary 
depend upon tho origin of the wheat, and must 
be determined empirically for oach flour 
mixture (we Wood, Tho Story of a Loaf of 
Bread : Cambridge University Press, 1913). 
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Nuiritive Value of Wheat . — The nutritive | calculated by Chamberlain (U.S. Dep. of Agrio. 
value of various samples of wheat has been | Div. of Chem. Bull. 120, 1909) as follows 


Variety 


Water 


North-West spring 
Soft winter. 
Durum 


10-11 

10-55 
9 77 


Digestible constituents 


Protein 


11-78 

9-96 

13-02 


Fat 


1-41 

1-20 

1-72 


Carbo- 

hydrates 

1 Crude 
fibre 

Ash 

73 04 

1-17 

1-85 

75-24 

1-17 

2-00 

70-77 

3 -33 

2-02 


Production 
value 
I calories 
per 100 lbs. 


Albu- 

minoid 

ratio 


94,717 6-0 

94,760 7-9 

94,457 5-8 


The analyses give the digestible as distmct 
from tho total constituents of the wheat, and 
in the last column but one tho value of the wheat 
for the production of energy or increased 
weight is expressed as calories developable from 
100 lbs. of the gram, after allowance has been 
made for the noil-digestible portions and the 
work consumed in the process of digestion. The 
last column gives the ratio of the non-mtro- 
genouB constituents [digestible caibohydrates 
and 6 bie-f digestible fatx2-25J to the digestible 
proteins. 

The question of the digestibility and food value 
of the different fractions of the wheat grain 
produced m commercial milling — the comparison 
between ‘ white ' and ‘ brown,’ 1 standard ’ or 
1 whole meal ’ bread, has received greatly 
increased attention during the war, which forced 
‘ war bread ’ upon nearly all civilisod nations. 
Before the war wheat was milled to yield less 
than 70 p e. of white Hour and 30 p.c or over of 
ofTals, during the war the ex ti action was raised 
to 80 p.c, and eventually to 90 p.c. The general 
result of the experience goes to show that the 
digestibility of the included fractions is higher 
than had been expected from previous expeii- 
ments, and that only a comparatively small 
fraction of the population suffers from digestive 


troubles m consequence of eating bread from 
flour containing a marked proportion of husk. 
While the old conclusion that white bread is the 
most concentrated and digestible of all breads 
is confirmed, the utilisation of the wheat gram 
for human food increases up to the 90 p c. 
extraction, both as regards available energy and 
protein. See Report of the hood (War) Com- 
mittee of the Royal Society, 1918. The older 
literature is summarised m Harm 11, Local 
(Government Board Reports on Public Health 
and Medical Subjects, No. 55, 1911. 

Wheat Straw . — The composition of wheat 
straw is more variable than that of the grain : 
tho more complete the ripening process the more 
thoroughly will the carbohydrates, proteins, 
and valuable ash constituents of the straw be 
transferred to the grain. The variations in the 
composition of the straw in response to different 
conditions of soil and manuring, are minimised 
in the gram, which the plant endeavours to 
make of as constant a composition as possible* 
The following table (Komg) gives a few typical 
analyses of straw, which are followed by a table 
of the mean composition of the ash of straw 
from wheat grown on the Rothamsted plots, to 
fllustiate tho variation with' manuring : — 


Origin 

No of 
samples 

Water 

English winter sown 

_ 

13-6 

(fei-man „ 

— 

14 3 

American spring ,, 

i 

7 

1 

9 6 


Kut 

1 

Piotoin ! 

N. free 
extract 

Crude 

fibre 

Ash 

1 3 

3 3 

3 <04 1 

37 1 

5-3 ; 

1 2 1 

3 0 

35 9 

40-8 

4-85 

13 

3-4 

43 5 

38-0 

4-2 


Broad balk. Wheat Straw — Mixed Samples, 10 Years, 1882-91. 


Plot 

2 

a 

5 

7 

10 

11 

12 

18 

14 

Ash in dry matter 

8-13 

7-69 

7-95 

5-89 

6-02 

5 84 

5-69 

5-93 

5-52 

Ferric oxide 

0-31 

0-94 

0-60 

0-50 

0-54 

0 43 

0-33 

0 34 

0-41 

Lime .... 

3-64 

4-38 

3-49 

5-68 

8 30 

9-14 

7 71 

5-38 

7-70 

Magnesia . 

1-51 

1 51 

1 -41 

1-76 

2-29 

2 25 

1-92 

1-53 

2-46 

Potash 

18-41 

13-51 

10-30 

25 84 

13-07 

9-92 

14-65 

23-23 

14-88 

Soda .... 

0 09 

010 

0 09 

0-21 

0-41 

0-58 

0-57 

0 03 

0-33 

Phosphoric acid . 
Sulphuric acid 

3-87 

i 2-97 

4-24 

3-81 

2-26 

4-26 

3-64 

3-38 

3-87 

3-44 

3-81 

4 76 

5-40 

6 72 

6 44 

5 32 

6-06 

5-31 

Chlorine 

2-92 

1-81 

1-90 

6 59 

2-72 

1-ttft 

2-88 

5-60 

2-81 

Carbomc acid 

8 

2 

2 

2 

1-25 

trace 

none 

I none 

trace 

Silica .... 

64-64 

67-70 

65-14 

49-59* 

60-44 

65-20 

61-79 

54-16 

61-08 

Sand and charcoal 

1-41 

3-78 

2-27 

1 -93 

2-23 

1-ffe 

1-62 

2-36 

J -81 


1 Car bohy d/at ea. 1 Not determined. 
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Methods of Analysis . — In the analysis of wheat, 
the ordinary methods employed for feeding stuffs 
are followed, the only special determinations re- 
quired being those of gluten and gliadih. 

For the determination of gluten, 20 grams of 
dry flour, or of the ground wheat from which tho 
husk has been sifted, are weighed out on to a piece 
of bolting silk, about 8 inches square, moistened 
with water and kneaded up into a paste The 
silk is then gathered together over the dough 
and kneaded in several changes of water or under 
a tap until no more starchy liquid flows away, 
being finally kneaded m the an until it ceases to 
lose water The gluten will then generally form j 
an elastic coherent mass which can be removed 
from the silk without loss, weighed m its wet 
condition, spread on a taied sheet of glubs or 
porcelain basin, dried at 100° to a constant 
weight, and weighed again The ratio between 
wet ami dry gluten is regarded as of some 
importance' 


For gliadin, 5 grams of flour are put in a flask 
with 250 c.c. of 70 p.c. alcohol, and shaken in a 
machine for 6 hours. The mixture is then 
rapidly filtered, and 100 c.c. of the solution are 
placed m a Kjeldahl flask. The alcohol is dis- 
tilled off and the nitrogen in the residue is deter- 
mined in the usual way. Nitrogen X 5-68= 
gliadin. 

Barley. Hailey gcnoially shows a smaller 
protein content than wheat ; this difference is not 
only characteristic of the two Hpccics, but barleys 
are likely to have been unconsciously selected fol- 
low protein content, tins being the quality most 
desired by the brewer, who has always been the 
chief pun-liasei of bailey The adherent glume 
and pale furthei cause an mciease m the crude 
libie and asli, as compaicd with wheat. 

The following analyses of barley are derived, 
1-0 from the author, 7 from Konig (/.c.), and 
8 and 9 from Wiley {lx .) : — 


Mumbei 

I f,i 

| analyses 


English Chevalier— 

1 899 — grown aftei roots . 21 

1899 — ,, ,, wheat . 7 

1!M)0 — prize winners . 7 

1 1100 — poor quality . . i 4 

Chili Chevalier, 1000 — prize . 1 

Asia Minor, four -rowed— pri'c I 2 
Germany, Middle and North I 120 
I United States . 32 

| Canada . . 20 


1 

J Water 


Proteins 

C.il bo- 
hydiatcb 

Prude 

liluc 

Asli 

lb 23 

J -05 

0 00 

01) oo 1 

4 10 

2-27 

10-44 

1 3J 

0 12 

00 05 8 

4 04 

2-44 

lb 30 

J 50 

: 7 8 J 

08 30* 

3-80 

2-23 

10 80 1 

1 2 28 

10 78 

04 24 4 

3-82 

| 2-08 

J5 0 | 

2 00 

1 0 44 

07 04& 

3 01 

2-25 

15 3 

1-80 

1 8 75 

07 47° 

4-38 

2-24 

1 i 05 ; 

1-80 

0 88 

00 75 

4 77 

2-75 

10-8 

2 13 

10 00 

00-80 

4-05 

2-44 

11-00 | 


! 10 57 j 

08-00 

4-10 

2-41 


The composition of bailey is affected by 
climate, environment, manuring, &«., m the 
same way as the composition of wheat, bailey 
being somewhat more susceptible to change 
Tho commercial value of barley varies also to a 
much greater degree ; not. only are there two 
distinct grades — barley for making and barley 
for feeding purposes, the price of the former 
being nearly 50 p e. higher than that of the 
latter, though the two kinds grade off into one. 
another — but special prices aic paid for barley of 
exceptional quality. 


(1) Vauety Tho number of bailey varieties 
is small compared with that of wheat. The two- 
lowcd varieties fall into two types, wide and 
narrow eared, and aie most prized foi brewing 
purposes The four-rowed and six-rowed types 
are not so much used for brewing Strictly 
comparative analytical data aro lacking. 

(2) The following data, drawn from the 
Rothamsted records, show the effect of Beason 
and manuring upon the character of the barley — 
in 181)3, a summer of extreme heat and dryness, 
and 181)4, a wet and cool season : — 


Plot 

Manuring 

Yield of grain 

Weight per bushel 

Grain to 100 straw 

Nitrogen per cent. In 
grain 

1893 

1894 

1893 

1894 

1893 

1894 

1893 

1894 

10 

Unmanurod 

Bush. 

8 3 

Biiflli. 

100 

lb. 

55-0 

lb. 

51*1 

710 

70 3 

1 -800 

1-409 

40 

Minerals, no N 

0-0 

131 

50 1 

62-1 

74-3 

70-2 

2-011 

1-407 

1A 

N only 

no 

104 

55-1 

50 4 

85-3 

67-5 

2-188 

1-G40 

2A 

N, ly^noK.O 

18 1 

34 0 

540 

51-0 

101-0 

77-0 

2-129 

1-000 

3A 

N, K‘,0, no jy) 5 

10 8 

17-8 

55-8 

51-5 

85-9 

1 73-8 

2-171 j 

1-014 

4A I 

N, K 2 0, l\0 6 

30-8 

41-4 

50 3 ‘ 

541 | 

1 

i 102-2 

| 77-7 

2-081 

1-440 


Tlie rosults, as shown in the f able at top of 
next page, also obtained at Rothamstcd, show 
the effect of nitrogenous manuring. 

These results confirm the general opinion 
that barley for malting purposes should not be 
grown on land that is m high condition, either 
as a result of its previous treatment or through 


the recent application of nitrogenous ferti- 
lisers. 

1 Containing starch, 57"9 p.c. 

2 Starch-54-2 p.c. 

3 Starch— 01-5 p.c. 

4 Starch — 58’0 p.c. 

6 Starch -01-2 p.c. 

6 Starch =*02’4 p.c. 
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Dressed 

grain. 

Weight 

drain 
to 100 

Offal 
grain to 
100 

Nin 

dressed 


per 

bushel 

lbs. 

straw 

dressed 

grain 

grain 

p.c. 

No nitrogen 

58-0 

110 4 

5’9 

1-61 

861bs .per acre organic N 
86 lbs. per acre organic 

67-3 

l 

96 6 

125 

1 79 

N In the previous year j 

55-1 

72 8 

34 9 

2‘42 


Composition of Barley. — (a) Carbohydrates 
Barley contains soluble sugars, which may 
amount to 4 p e. of the dry grain ; sucrose ih the 
chief constituent, but dextrose is also found, 
and O’Sullivan lias shown the presence of rafli- 
nose. The main carbohydrate present is starch, 
of which H. T. Brown and his colleagues found 
55-5 p c. in the dry material of 10 barleys 
examined (Trans. Guinness Research Lab 1903, 
1, 91). The same investigators (l.c. 1900,2, 312) 
proceeded to the determination of certain water 
soluble pol/sacoharides, called by O’Sullivan 
amylans, which yield on acid hydrolysis a 
racemic acid, glucose, arabmose and xylose 
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They further showed that the sum of the sugars, 
starch, and amylans, with a little ash and soluble 
protein, made up the whole of the barley grain 
that goes into solution when the barley is 
extracted with boiling water and hydrolysod 
with malt extract. They obtained from 9-5 to 
10 p.c. of amylans on the dry weight of various 
samples of barley examined. 

In the ‘ grains ’ not rendered soluble by 
diastase, there are considerable quantities of 
‘ furfuroids ’ to be found, besides cellulose and 
fibre. 

(b) Osborne and Ritthausen have examined 
the protoins of barley, and Osborne (J. Amer. 
Chom Soc. 1895, 17, 539) obtained 4-5 p.c. of 
an insoluble protein, 4 pc of hordein soluble in 
dilute alcohol, 0 3 p.c. of loucosin, and 1-95 p.c. 
of edestin and proteose soluble m water. It 
has also been shown that a small proportion of 
the nitrogen of barley is not combined as protein. 

(r) The ether extract of barley is found to . 
contain neutral fats, free fatty acids, and lecithin. 

(</) The following analyses show the com- 
position of the ash of barley from the Rotham- 
sted plots in 1871 : — 


Baklkv — Season 1871. 



1 O 

U n- 

manurotl 

4 O 

Complete 
miiim als 

l A 

Nitrogen 

only 

(as ammonia) 

•1 \ 

Nitiogen 

and 

minerals 

1 c 

Nitiogen 

only 

(as rupecttke) 

7 

Fai inyard 
dung 

_ 


drain 

Stiaw 

drain 

Straw 

diain 

Straw 

diuin 

Stiaw 

drain 

Straw 

Grain 

Straw 

Ash in dry mattei 

2 (34 

0*17 

2 77 

0 90 

2 38 

5 51 

2 04 

0 70 

2-84 

5-54 

2-87 

7-55 

Ferric oxide 

0-49 

0-78 

0-41 

0-40 

0 35 

0 35 

0 31 

0-44 

0 35 

0-42 

0 31 

0-31 

Lime . 

2-91 

10 04 

2-07 

7*21 

3*29 

9-91 

2 51 

7 50 

2-31 

9 52 

2-22 

6-56 

Magnesia 

7-70 

1-90 

7-05 

1-44 

7 95 

I 97 

8-07 

1-89 

7-91 

2-18 

7 75 

1*30 

Potash 

29 l(i 

19 07 

29 87 

27 30 

28-80 

17 11 

30-07 

33-90 

28-89 

26 84 

29-23 

29-39 

Soda . 

1-30 

5-85 

0 50 

1-93 

210 

13 24 

0-08 

2 10 

0 56 

2-93 

0-40 

2-53 

Phosphoric acid . 

34 05 

3 18 

i 35 95 

4 30 

30 74 

1-87 

35-04 

317 

36 39 

5-44 

36-72 

3-76 

Sulphuric acid 

2 24 

5-53 

2 15 

7 20 

2-19 

4-51 

1-56 

5-54 

1-60 

0 02 

1-05 

3-27 

Chlorine 

1 71 

0 90 

0 71 

7-72 

3*57 

1510 

0 80 

14*58 

0 68 

4-55 

0-31 

11-99 

Silica 

19-02 

44-49 

18-99 

42-03 

18 57 

37-98 

20 38 

32 71 

19-85 

42-04 

21-02 

42-71 

Sand and charcoal 

1-07 

3-52 

1 40 

2-18 

2-84 

1 64 

0 93 

2-13 

1 -80 

1-87 

0-86' 

1-68 


Barley Product *. — The chief material pre- feeding arc also the ‘grains’ obtained in the 
pared from barley is ‘ pearl barley,’ in which the I brewing process gfter the diastatic extraction of 
nusk and germ have been removed mochanically. | tho starch contained in malt, and the malt culms 
This matenal is also sometimes ground into I or sprouts knocked off the partly germinated 
barley flour. Important by-products for cattlo * barley after malting. Analyses arc given below: — 



Wator 

Fat 

Proteins 

Carbo- 

hydrates 

' Cruue fibre 

Ash 

Pearl barley 

14-9 

1-0 

7-6 

75*1 

0-6 

0-8 

Malt culms 

11-8 

2-1 • 

28-3 

42-8 

12-4 

7-6 

Brewer’s grams (wet) . 

75-0 J 

2-0 

6-5 

12-0 

4-5 

1-0 

” „ (dry) . 

10-0 

7-0 

20-0 

42-0 

ioT > 

5.0 


Maize. Maize or Indian corn is a cereal 
grain characterised by a high proportion of 
carbohydrates and oil but comparatively low 
protein and ash. Its composition does not vary 
to the same degree as that of wheat or barley. 
The average analyses (shown on top of page 138) 


are derived from Wiley (U.S. Rep. of Agric. 
Div. of Chern. Bull. 50, 1898) and Konig (l.c.). 
The only variation in composition worthy of 
note is that in ‘ sweot corn,’ varieties of which 
are grown in America to yield immature cobs 
for boiling as a vegetable, the grains contain a 
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Source 

No. of 
samples 

Moisture 

Crude fat 

l 

Proteins 

Carbo- 

hydrates 

Crude 

fibre 

-Ash 

United States, Mean . 

1" _ j 

10-75 

! 4-25 

1000 

71-75 

1-75 

1-50 

„ „ Northern 

— 

0-08 

6 11 

10-04 

71-32 

1-41 

1-54 

„ „ Middle West 

| _ j 

12-33 

4-97 

10 89 

68-16 

2-22 

1-43 

„ Pacific slope 

Italy . 

__ 

9 78 

1 0-40 

8-14 

72-13 

2-07 

1-48 

1 1 

13 13 

1 3-84 

! 10 26 

67-72 

2-88 

1-95 

Germany (1880) . 

14 

13-00 

1 5-11 

8-62 

70-54 

1-38 

1-34 

Hungary (1880) . 

1 38 ! 

13-00 

1 3-85 

9-06 

71-10 

1-69 

1-30 


higher proportion of sugar than is normal, 
especially m the immature state, and also a 
greater amount of oil. 

Maize oil is expressed m considerable 
quantities from the germ, winch is removed in 
preparing meal from the grain it is a light 
amber-coloured tasteless oil used for salad oil, 
as a lubricant, and for soap making 

Carbohydrate # — Less than I p < of sugai is 
present in maize, the greater part beinir sucrose 
with a small amount of reducing sugar Starch 
is the principal carbohydrate, but a little 
dextrin or other gum -like body has been found, 
also furfuroids and pentosans up to about 5 p c 


Pi ole tit # — Osborne has isolated from maize, 
m )/ 06 i n, vitcUiv and another unnamed globulin, 
small quantities of two albumins, and zein, the 
characteristic piotem which exists in both a 
soluble and insoluble form, it is noteworthy 
that zein, on hydrolysis, yields no lysm and no 
tryptophan, and certain defects m the nutrition 
of animals fed on maize alone have been set 
down to the lack of these groups in the zein 
molecule. 

A#h — The following table* from Wolff’s 
Aschenanalysen gives the average composition 
of the ash of maize : — 



P c. asli 
in diy 

K a O 

1 | 

j Na 2 0 

Cat) I 

Rod Gorman 

1 30 

2! 33 

1 50 : 

3 16 

American . 

J 28 

26-75 

3-85 

2 56 

Gorman 

1-72 

25-73 

1 - ' 

2 03 


Mane Pi od act# — Maize is ground into a 
meal, ‘ corn flour,’ the germ and the more flinty 
portions of the grain being removed, and the 
composition of the meal is set out m the table 
below, m which is also given the composition ot 
maize ‘ stover,’ i e. the stalk, leaves, Ac , without 
the cob 


MgO 

■l‘C 2 0 8 

^2^6 

SO B 

SlO a 

J6 00 

1 88 

49 36 

1 00 

2-77 

15 24 

; 2 00 

47 47 

1-20 

1 93 

17 35 

1 51 

43 80 

“ 

4-99 


A large number of comuieieial products are 
derived from maize, especially starch and 
gliu oho ; and the manufacturing processes givo 
rise to various by-products' — maize germ meal, 
gluten feed. Are , used for feeding cattle, but 
their composition depends entirely upon the 
method by which they are prepared. 



Moistuio 

Oil 

1 Proteins 

Carbo- 

hydrates 

Crude 

fibre 

Ash 

Corn Hour : three samples 

Maize stover . 

12 57 
19-81 

1 33 

2 56 

7 13 

1 4-19 

78-36 

42-87 

0-87 

20*02 

0-61 

4-55 


Oats. From the food point of view, oats 
form one of the most valuable of the cereals, 
being exceptionally rich in od and protein ; it 
is only the adherent husk which prevents them 


Origin 

No. of 
Analyses 

Water 

Fat 

Middle and North 
German . 

103 

12 11 

5 30 

French . 

! 196 

12-11 

5-46 

American 

22 1 

12-11 

4-96 

„ (World’s Fair) 

72 

9-96 

4-42 

Scotch . 

10 

16-90 

5-59 

Oatmeal . * . 

16 

7-30 

7-20 

Oatstraw ( Scotch) 

10 

l_ 

15-32 

3-45 


from being the most concentrated of all the 
food grains Oats show considerable variations 
of composition, as the following analysos indi- 
cate : — 


Protein 

Carbo- 

hydrates 

Crude 1 
fibre 

Ash 

— 

10-82 

58-23 

10-25 

3-29 

Konig 

” 

9 52 

60-47 

918 

3-26 

11-26 

59-35 

9-33 

2-99 


12-07 

58-28 

11-92 

3-35 

Wiley 

• 11-57 

57-54 

8-25 

2-59 

Aitken 1 

10 10 

67-60 

090 

1-90 

Atwater * 

3 04 

52-59 

33-95 

! 6-96 

Aitken 1 


Ab might be expected, the composition of 
oats varies with variety, olimate, season, and 
manuring, in much the same way as wheat does. 
Of these variations, those due to the variety of 


oat are of most importance, particularly in the 

’ Trans. H. & Ag. Soc. 1001, v. 18, 292 and 298. 

2 U.S. Dep. of Agric. Office of Expt. bta. Bull. 28, 
1899. 
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manufacture of oatmeal. The proportion of 
husk to kernel is of most significance, and the 
individual Scotch analyses, of which the mean 
is given in the table above, show variations m 
the fibre of from 0 to 14 p.c., and in oil, tho other 
variable constituent, of from 4 to over 8 p.c. 


Wilson (Trans. H. and Ag. Soc. 1903, v. 16, 183) 
gives figures relating to tho amount and com- 
position of the oatmeal obtained from soveral 
varieties of oats grown on the same experi- 
mental area m Aberdeen, as follows : — 


Vaiiety 

Year 

| Husk, p c. 

Oatmeal, p c. 

Oil in oatmeal, 
pc. 

Froteln in oat- 
meal, p.c. 

Dun 

1901 

! 21-98 

66-21 

7-68 

14-37 

,, 

1902 

21 30 

64-13 

7-74 

15-50 

Potato . 

1901 

22 24 

66 32 

9-59 

15-44 

Newmarket 

1902 

| 22-47 

64-02 

10-01 

12-31 

1901 

21-79 

06 65 

4 -60 

14-37 

” 

1902 

1 20 46 

64 84 

6-63 

13-50 


See also Hendrick, Trans H. and Agrio. 8c c. j Of the very large number of other cereal grains 
1010, xxu. 16. [ consumed as food, the following arc among tho 

Other Cereal Grains and Products therefrom, most important 


— 

.No oi 
samples 

V\ utoi 

Uiinlc 

fat 

Crude) 

protein 

Cai ho 
hydrates 

Ci ude 
111)10 

Ash 

Authority 

Rye 

Herman 

63 

13 37 

1 84 

11 52 

68-88 

2*55 

1 94 

Konig 

American (World’s Pair) . 

18 

10-62 

1-65 

12 43 

71 37 

2*09 

1*92 

Wiley 

unhuJ led 

. 

10 50 

1*60 

7*50 

67-40 

9 00 

4 00 

• 

hulled . 

-- 

12 00 

2 00 

8 00 

76 00 

1 00 

1 00 

[Wiley i 

polished .... 

-- 

12 40 

0 40 

7 50 

78 80 

0 40 

0*50 

j ! liUd (Fan u uni mdiaceum) 
unhulled 

6 

12 50 

3 89 

10 61 j 

61-11 

8 07 

3 82 

Konig 

hulled ] ; 

34 

9 00 

3 25 

12 83 

71 50 

8 84 

3 58 

Chamberlain 

9 

1 J -79 

4 26 

10 51 

68 16 

2 48 

2*80 

Konig 

Soighum saccluualum . 

38 

15*17 

3*36 

920 ; 

67 99 

251 

1 71 

,, mdgan . 

Andmpogon soighum 

12 

11*46 

3*79 

8*96 

70*26 

3*69 

1*95 

( Tamberlain 

i 10 

— 

3*26 

11 71 , 

81 58 

1*80 | 

— 


Chamberlain (/ c ) lias calculated the feeding 
value of the cereal giams of American origin as 
follows . — 


Wheat . 

Barley , 

Oats 
Maize . 

Emmor 

Einkorn 

Eye 

Fan i cum mdiaccum 
Andropogov sorghum 


I’lodlK - 
tion 

Stan h 

Album! 

value, 

oil in va- 

noid 

eal« pei 

lent 

ratio 

giam 



2 68 

88*1 

6*5 

1*99 

84*2 

8*0 

1*70 

72 0 

5*8 

2-23 

94*2 

12 3 

1*64 

61H 

6*0 

1*00 

67*8 

6*2 

2-08 

88*2 

6*9 

1*84 

78*1 

11*5 

206 

87*2 

10*5 


The production value represents the number of 
calories of onorgy available from the giam of 
food, after deduction has been made lor the 
onergy in the excreta and the energy consumed 
in digestion processes. The starch equivalent 
gives the effect of 100 lbs. of these foods in the 
production of fat or external work in terms of 
lbs. of pure starch required to produce the same 
e ^ct. A. D. H. 

CEREBRIN v. Enzymes. 

CEREBROSE (Calactose) v. Carbohydrates. 

CEREDINE. Trade name for a preparation 
of dry powdered yeast. 


CERESIN. Ceiesm oecuis m commerce m 
the form of thin round masses several inches in 
diameter, harder than wax, of a dazzling white 
appearance ; inodorous, and transparent at the 
edges. Tho fracture is somewhat similar to that 
of wax, but ceresm does not become plastic m 
warm watei. The melting-point is between 76° 
and 80°. It is not attacked by acids, either m 
tho cold or when heated . nor by alkalis, wluoh do 
not saponify a trace of it. It is entirely volati- 
lised at a high temperature without alteration. 
Ceresm is apparently a paraffin ; it does not 
appear to be obtained from coal tar, but from 
Calieian ‘ earth -\y ax,’ i.c. ozokerite. It Is used 
as a substitute for beeswax (J. Soc. Chem. Ind. 
11,372). 

CERFLUORITE v. Yttrocerite. 

CERIN and CERYL CEROTATE v. Cork ; 

Waxes. 

CERISE. A trade name for a variety of 
aniline red and acid magenta. 

CERITE, A hydrous silicate of cerium 
nfetals. Rammelsborg’s analysis (1859) showed 
the presence of 64*55 pc. Ce 2 Oa with 7*28 p.c. 
(La,Di) 2 0 3 and approximated to the formula 
2Ce 2 0 3 *3Si0 2 *3H 2 0. Later analyses showed a 
predominance of lanthanum and didymium, 
suggesting the name lanthanoceritc. Crystals 
are orthorhombic, but of rare occurrence. 
The mineral is usually found as reddish granular 
masses much resem bling in appearance certain 

i Type analyses from various data. 
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varieties of corundum, from which, however, 
it is readily distinguished by its lower hardness 
(H. f>jf ; sp.gr. 4’9). It occurs as a bed in 
gneiss at Bastn&B in Sweden, and was the 
material in which the element cerium was first 
defected. L. J. S. 

CERIUM. Symbol Ce. At. wt. 140-25 (H. 
Itobinson, Proc. Roy. Sue. 1884, 37, 150 ; 
lirauner and Bat6k, Zeitsck. anorg. (Jhem. 1903, 
34, 103, 207). The most abundant of the rare- 
earth (dements. The metal has been prepared by 
(1) the electrolysis of the fused chloride with or 
without an admixture of barium or calcium 
chloride or alkali chloride ; (2) the electrolysis 
of a mixture of cerium dioxide and cerium 
fluoride (Borders and Stockeiu, U. R. P. 172529 ; 
Muthmann and Weiss, Annalen, 1902, 320, 231 ; 
1904, 331, 1 ; 1907, 355, 110). By the latter 
process, the yield corresponds with 57 p.c. of a 
current of 750 amperes and 7’5 volts with 
current densities of 9-10 amperes and 3 amperes 
per sq. cm. at cathode and anode respectively. 

Metallic cerium has the colour and lustre of 
iron ; its hardness is comparable with that of 
silver or tin ; in.]). 035° (Hirsch), 023° (Muth- 
mann and Weiss) ; sp gr. of fused product 
of electrolysis (i-92 at 25° ; sp.hcat 0-05112 
(20°~100°) ; hardness (as determined by the 
Bcleroseope), 25-9 and 9*5 foi rolled and freshly 
cut surfaces respectively ; ultimate strength (as 
determined m an Olsen machine, with test bars 
of 0*212 m. diameter), 12,900 lb per square inch ; 
and no elongation with a constant load at 
350 lb. Cerium is paramagnetic ; magnetic 
susceptibility, (K) + J 82-2.10“° (Monatsh. 1899, 
20, 369). in dry air the metal is moderately 
stable, but becomes superficially tarnished with 
yellow dioxide. The temperature of ignition 
in oxygen is about 150°-J80° (Annalen, 1903, 
325, 261). The metal is malleable and ductile , 
it has a fairly high latent heat of fusion and 
tliormal conductivity. The heat of oxidation 
of the metal is 1710 cals, per gram, or 60,900 cals, 
per gram : equiv. (GeO,— 243,600) ; the wire 
burns even more brightly than magnesium, and 
combines readily with the halogens. Cerium is 
very slightly attacked by cold water ; a slow 
evolution of hydrogen occurs in boilmg water, 
and the metal is tarnished black ; it is readily 
dissolved by dilute acids, but concentrated nitric 
acid produces a brown deposit consisting mainly 
of dioxide. By heating the metal to 345° in 
hydrogen, cerium hydride is produced, without 
luminescence. At 1000° it * combinos with 
nitrogen to form the nitride ; and direct com- 
bination also occurs when the metal: is heated in 
sulphur vapour (Hirsch, Met. and Chem. Eng. 
1911, 9, 540). Alloys have been prepared by 
melting cerium with other metals under molten 
sodium and potassium chlorides ; the combina- 
tion with aluminium, magnesium, bismuth, 
silicon, or zinc is attended by a generation t,f 
heat ; liquid and solid cerium amalgams have 
also been obtained. Cerium silicide (CeSi 2 ) is 
formed by the reduction of cerium oxide with 
graphite and silicon. This compound is brittle 
and when added to eenum in such proportion 
that the mixture contains about 15 p.c. of 
silicon, forms a good pyrophoric alloy. The 
magnesium-cerium alloys are excellent for 
thermal reduction processes since — the combina- 
tion of the two metals being endothermic — 


more heat is developed by the oxidation of the 
alloy than by that of the two metals in admixture 
(Hirsch). 

When scratched or rubbed with a steel edge, 
cerium emits brilliant sparks, and this property 
has been utilised m the preparation of gas 
lighters. For a description of pyrophoric 
cerium alloys, see Engineering and Mining 
Journal, 1917, p. 212 ; Vogel, ZeitBoh. anorg. 
Chem. 1917, 99, 25. 

Separation and purification of cena. — Of all 
the rare earth oxides, cena is most readily 
isolated in a pure state, and the following 
methods liavo been employed in separating this 
oxide from lanthana, piascodymia and neo- 
dyuua : — 

(J) Treatment of the hydroxides suspended 
m aqueous caustic alkalis with chlorine ; ceric 
hydroxide remains undissolvcd, while tho other 
hydroxides are converted into soluble chlorides 
and hypochlorites (Mosander, J. pr. Chum. 1842, 
30, 276 : Mengel, Zeitseh. anorg. Chem. 1899, 
19, 67). 

(2) The mixed oxides dissolved in hot nitric 
acid and the solution evaporated down with 
ammonium mtiatc until ceric ammonium nitrate 
separates. Tho double salt is crystallised from 
nitric acid until the oxide left on ignition has a 
light-yellow colour (Auer von Welsbach, 
Monatsh. 1881, 5, 508 ; Nohottlander, Ber. 1892, 
25, 378) ; or the mixed oxides are treated 
with four times their weight of concentrated 
nitric acid and gradually heated to 60°. The 
solution, after decantation from any msoiublo 
matter, is evaporated to a syrupy consistency, 
mixed with water from 10 to 30 times the 
weight of the oxidos taken, and 1 giain of 
ammonium sulphate added for each litre of 
solution. The liquid is boiled for a few minutes, 
when a pale greenish-yellow precipitate of basic 
ceric mtiate and sulphate is formed, which is 
separated and washed with a solution of a 
mixture of ammonium nitrate and sulphate 
(Wyrouboll and Verneuil, Sterba). 

(3) 'Hie solution of mixed nitrates neutralised 
with ammonia and boiled with magnesium or 
sodium acetate and hydrogen peroxide whereby 
cerium is completely precipitated as a basic 
acetate (Meyer and Koss, Ber. 1902, 35, 672). 

(4) The mixed ammonium double nitrates 
boiled with aqueous ammonium persulphate, 
calcium carbonate being gradually added to 
keep the solution neutral. The precipitate con- 
tains all tho cerium as eerie nitrate and sulphate 
mixed with calcium sulphate (Witt and Theel, 
Ber. 1900, 33, 1315 ; cf. Meyer and Marokwald, 
ibid. 3003). 

(5) The joint action of potassium per- 
manganate and a basic substance (mercuric 
oxide, zinc oxide, magnesia, sodium carbonate, 
&c.) in neutral solution. The precipitate con- 
tains all the cerium as ceric hydroxide (Stolba, 
Ber. bohm. Ges. Wiss. 1878 ; Drossbach, Ber. 
1896, 29, 2452; JD. R. P. 143106; Meyer, 
Zeitseh. anorg. Chem. 1903, 37, 378). 

The last of the foregoing methods is generally 
applicable to the mixed oxides of the rare earths, 
and permits of the complete separation of 
cerium m one operation. These processes re- 
quire to be repeated before the cerium is com- 
pletely freed from the last traces of lanthanum ; 
thorium also is removed completely, only with 
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some difficulty. The solution of nitrate, mixed 
with an excess of ammonium carbonate, is 
treated with ammonia when the greater portion 
of the thorium is precipitated. To remove the 
remainder, anhydrous cerium sulphate is pre- 
pared and added to ice-cold water, when the pure 
hydrated salt separates (Wyrouboff and Vomeuil, 
Oompt. rend. 1897, 124, 1230; 125, 950; 128, 
1331 ; Urbain, Ann. Cliim. Phys. 1900, [71 19, 
184; Sterba, t&i'd.*1904, [8] 2, 193; Brauner, 
Zeitsch. anorg. Chem. J903, 34, 103; Meyer, 
ibid. 37, 378 ; Orloff, Chem. Zeit. 1900, 30, 733 ; 
1907, 31, 502 ; Neish, J. Amor. Chem. Boc. 1909, 
31, 617). 

Only a small proportion of the cerium 
oxide extracted from monazite is used in the 
mantle industry, the greater amount, is em- 
ployed in the manufacture of sparking alloys 
for cigar lighters, &c. A further quantity is 
used (in the form of fluoride) for impregnating 
arc-light carbons ; in weighting silk, in the dyeing 
and photographic industries, and to a slight 
extent in medicine. 

Cerium forms several series of compounds 
derived from the oxides Co 2 0 8 , Cc 4 0 7 (?), Ce0 2 , 
and CeO s . 

Cerous Compounds. 

Cerium hydride CeII s (Y). Cerium combines 
readily with hydrogen at 250°~270°, yielding a 
brownish- black amorphous hydnde which not 
improbably consists to some extent of CeH 4 . 
This product is stable m dry air at the ordinary 
temperature, but on heating it is converted 
explosively into cerium oxide and nitride 
(Matignon, Cornpt. rend. 1900, 131, 891 ; Muth- 
mann and Kraft, Annalen, 1903, 325, 281). 

Cerous fluoride 2CoF 8 ,H 2 0 (John, Bull. Soc. 
ehim. 1874, [2] 21, 533), known also m the 
anhydrous condition, and employed in the 
electrolytic production of the metal (o. supra ; 
and of. Brauner, lier. 1881 , 1944 ; 1882, 109, 116; 
Monatsh. 1 882, 3. 1 ). 

Cerous chloride CcCI 8 ,7ff 2 0 or 2CeCl 8 ,15H 2 0 
(J. Amer. Chem. Soe. 1894, 10, 049; Ber. 1902, 
35, 2022). 

The anhydrous chloride, a fusible deliquescent 
crystalline mass, is obtained by the following 
methods f— 

( J ) Heating the dry oxalate or cerium 
dioxido in hydrogen chloride (Robinson, Proc. 
Roy. Soc. 1884, 37, 150). 

(2) Decomposing cerium carbide with chlorine 
or hydrogen chloride. 

(3) Reducing anhydrous cerous sulphate to 
sulphide by heating in hydrogen sulphide and 
decomposing the latter with hydrogen chloride* 
(Ber. 1899, 32, 3413). Cerous sulphide and 
hydrogen bromide yield cerous bromide. 

(4) The anhydrous sulphate, when heated 
in a current of chlorine and sulphur chloride 
vapour, is converted directly into cerous 
chloride. 

The dry chloride is readily soluble in alcohol 
and ebullioscopio determinations of the mole- 
oular weight in this solvent gave numbers corre- 
sponding with CeCl. (Muthmann, Ber. 1898, 31, 
1829). 

It forms double salts with the chlorides of 
mercury, gold and platinum, and of certain 
organio bases. 

Cerous bromide CeBr„ and iodide Cel 8 are 


also known, as are the bromait Ce(Br0 8 ) 8 ,9H l 0, 
and iodalf Ce(I0 8 ) 8 ,2H 8 0. 

Cerous hydroxide Ce(OH) a , a white pre- 
cipitate obtained from soluble oerous Balts with 
ammonia or caustic soda, is stable only in absence 
of oxygon. Exposed to air it becomes slowly 
oxidised to yellow eerie hydroxide, passing 
through an intermediate reddish -violet stage 
.rCe( OH ) 8 *yCe( O H ) 4 (J. Amor. Chem. Soc. 1894, 
18, 649). 

Cerous oxide has not been isolated with 
certainty, since the ignition of decomposable 
cerous salts (nitrate, sulphate, oxalate, &c.) leads 
to the production of cerium dioxide. The re- 
duction of the latter oxide with hydrogen at 
high temperatures gives rise to an unstable dark- 
blue oxide approximating m composition to 
Ce 4 0 7 . 

Cerous sulphide Cc 8 S 8 (v. sujira), a reddish 
purple substance (Ami. Chim. Phys. 1904, [8] 
2, 193), is moderately stable in air and slowly 
decomposed by boiling water. 

Cerium nitride CoN, obtained by heating 
cerium m nitrogen (Annalen, 1903, 325, 201), or 
by passing ammonia over heated cerium carbide 
(Compt. rend. 1900, 131, 865), is decomposed by 
water, yielding cerium dioxide, ammonia and 
hydrogen. An explosive cerium azide is pre- 
cipitated by adding sodium azide to aqueous 
cerous nitrate (Curtius and Darapsky, J. pr. 
Chem 1900, [2] 61, 408). 

Cerous nitrate Ce(N() 8 ) 8 ,0H 8 (), prepared by 
(1) dissolving cerium dioxide in nitric acid in the 
presence of a reducing agent ; (2) decomposing 
cerous oxalate with strong nitric acid. De- 
liquescent Iriclimc crystals. When heated 
strongly, pure cerous nitrate leaves a residue of 
pale-yellow cerium dioxide, but when praseody- 
mium nitrate is present, the residual oxide is 
brown (J. Amer. Chem. Sor. 1909, 31, 517). 

Cerous sulphate Co a (.S(> 4 ) 8 . The anhydrous 
sulphate is produced by dehydrating the hy- 
drated salt at 400°. Above 500° it decomposes, 
leaving a residue of dioxide. A saturated solu- 
tion of the sulphate at 0° deposits the dodecahy- 
drate Co 2 (S() 4 ) 8 ,]2H s O (asbestos-like needles). 
Above 3° this hydrate is labile, and at higher 
temperatures the solution of the sulphato 
deposits hydrates containing 12, 9, 8, 5, and 4 
molecular proportions of water. With the sul- 
phates of ammonium, sodium, and potassium 
cerous sulphate forms double sulphates iso- 
morphous with the corresponding salts of 
lanthanum, neodymium, and praseodymium. 
In moderately strong sulphuric acid, cerous 
sulphate gives rise to the acid sulphate Ce(HS0 4 ) 8 
(Brauner and Pieek, Zeitsch. anorg. Chem. 1904, 
38, 322). This acid salt has been recommended 
as an oxidising catalyst m the production of 
aniline black, 0*3 gram of cerous oxide in this 
form sufficing to develop the black from 6 kilos 
qf aniline hydrochloride. 

Cerous carbonate Ce 8 (C0 8 ) 8 ,5H 2 0, prismatio 
orystals, precipitated from solutions of cerous 
Balts by ammomum carbonate, forms solublo 
crystalline double carbonates with the alkali 
and ammonium carbonates. 

Cerous cobalticyanide Ce 2 (C0C # N 8 ) 8 ,9H-0. 
The most solublo of the rare-earth cobalti- 
cyanides in 10 p.c. hydrochloric acid (1000 pts. 
of saturated solution contain 10*75 parte of the 
salt). 
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Cerous oxalate Ce a (C a O 4 ) a ,10H a O, crystalline 
white precipitate (Power and Shodden, J. Soc. 
Chem. Ind. 1900, 19, 030), has been used 
medicinally as a sedative in sickness, particu- 
larly that of pregnancy, also in chronic diarrhoea, 
hysteria, epilepsy, and migraine. I 

Cerous phenoxlde has been recommended as 
a non-irritant disinfectant (J. Soc. Ohem. Ind. 
1909, 1221 ; J). P. 21 4782). 

Cerous acetylacetonate 

Co(CHj-CO (JH’0OdlK 8 ) 8 ,.‘{II,O, obtained by 
the interaction of cerous ammonium nitrate, 
acotyiacetone, and ammonia (Ur bain, Ann. 
Chim. Phys. 1900, [7] 19, 184; Biltz, Annalcn, 
1904, 331, 334). 

Cerous dimethyl phosphate Ce 2 (Mc 2 P0 4 ) # JT ? 0 

white, hexagonal plates, solubility 79 0 at 2f>°, 
and about 05 at 95° (Morgan and James, J. 
Amer. Chcm. Soc. 1914, 30, 10). 

For other cert >us salts of organic acids, r Biltz, 
Annalcn, 1904, 331, 334 ; WoUT, Zeitscli anorg. 
Chem. 1905, 45, 89 ; Morgan and (Jalien, Ohom 
Soc. Trans. 1907, 91, 477'; Pharm J 1907, 78, 
428 ; Rnnbaoh and Kilian, Annalcn, 1909, 308, 
110; Pratt and James, .1. Amor. Ohem. Soc. 
1911, 33, 1330 ; Katz and James, ibid. 1913, 35, 
872 ; Erdmann and Wirtli, Annalen, 1908, 301, 
190 ; Himbach and Schubert, Zoitseh physikal. 
Gliem. 1909, 07, 183; Jantsch and (Jrunkraut, 
Zoitseh, anorg. Ohem. 1913, 79, 305. 

For complex eorium salts, v. Wyrouboll and 
Vorneuil, Ann. Ohim. Phys. 1900, [8] 9, 289 ; 
Barbien, Atti R. Accad. 1908, |5] 17, 1, 540. 

Ceiuc Compounds. 

Cerium carbide OeO a ; microscopic crystals, 
sp.gr. 5 ‘23, prepared by melting together m the 
electric furnaco cerium dioxide (192 parts) and 
sugar carbon (18 parts), using a current of 300 
amperes and 00 volts (Moissan, Oompt. rend. 
1890, 122, 357 ; 1897, 121, 1233): 

20oO a +0=(V 2 O a +(!() 
Oe a 0 8 +90=20oC 8 f 3CO 
OoO a =CeO a -f 0 

When decomposed with wator, the carbide yields 
75 5 p.o. acetylene, 20 '5 p.c. methane, and 4 p.o. 
ethylene. 

Cerium silicide OoSi 8 ; small crystals with 
a steely lustre, produced by heating cerium 
dioxide with crystalline silicon, stable m air and 
decomposed by acids (Storba, Coinpt. rend. 1902, 
135, 170). 

Cerfc oxide {syn. Cerium dioxide) CeO a ; 
a white or light-yellow powder, sp.gr. 0*405 ; also 
in isotropic crystals, sp gr. 0*70 -7 ‘905. The 
amorphous oxide is prepared by (1) the oxidation ■ 
of the metal in oxygen ; (2) the ignition of cerous 
salts (nitrate, sulphate, carbonate, oxalate) or 
ceric compounds (hydroxide, nitrate, sulphate). 
The oolour of ceric oxide is pure white when 
prepared at low temperatures, but becomos pal$ 
yellow with decrease m volume on ignition 
(Spencer). It darkens wlien heated, but 
beoomes nearly colourless or at most pule yellow 
when cooled. The colour of ordinary eena is 
probably due to traces of praseodymium 
eroxide. The ignited oxide is insoluble m 
ydrochloric. or nitric acid or in dilute sulphuric 
acid. The crystalline form, obtained by heating 
the amorphous variety with sodium chloride, 
borax or potassium hydrogen sulphate, is quite 


unaffected by aoids or alkalis. The dioxide is 
reduced with difficulty by aluminium and 
magnesium, when the corresponding eorium 
alloys are produced. For furthor references to 
cerium dioxide, v. Compt. rend. 1895, 120, 663 ; 
1897, 124, 618, 1233, 1300 ; 125, 950 ; 1901, 133, 
221 ; Ber. 1900, 33, 3003, 3500 *, Ann. Chim. 
Rhys. 1904, [8] 2, 193; Zeitsch. anorg. Chem. 4 
[ 1903, 34, 103, 207 ; 37, 378) ; Hofmann and 
Hoscholl, Ber. 1914, 47, 238; Jiedo and 
Birbrauer, Zoitseh. anorg. Ohem. 1914, 87, 160; 
Bokk, Ber. 1913, 46, 2574 ; Renner, J. Amer. 
Ohem. Soc. J915, 37, 1630). 

Ceric hydroxide Oe(OH) 4 , a yellowish 
precipitate obtained from soluble ceric salts by 
means of ammonia or the caustic alkalis. Cerous 
hydroxide is slowly oxidised to ceric hydroxide 
by atmospheric oxygen and more rapidly by 
mild oxidising agents. 

Although ceric hydroxide is moro stable than 
the lower hydroxide, the cone salts are less stable 
than the cerous compounds. Ceric chloride 
itself lias not been isolated, but its additive 
compounds, H a CeCl e , with the salts of orgHmo 
bases (pyridine, quinoline, tnethylamine, &o.) 
are stable m alcoholic solution. 

Colloidal ceric hydroxide is obtained by 
dialysing an aqueous solution of eerie ammonium 
nitrate. The bydrosol is readily coagulated 
and dries to a gummy mass, soluble in hot water 
(Biltz, Ber. 1902, 35, 4431 ; 1901, 37, 1095). 

Ceric sulphate Ce(S0 4 ) a The anhydrous salt 
is produced by heating the dioxide with strong 
sulphuric acid With the diluted acid oxygen is 
evolved, and the resulting solution deposits, on 
concentration, ceri-eerous hydrogen sulphate 
2Ce(S0 4 ) a ,Ce a (S< ) 4 ) 3 ,J! 2 S( ) 4 ,2 t J 1 a O ( Brauner, 
Zeitsch anorg. Ohem. 1904, 39, 261), and then 
yellow hydrated eerie sulphate, ( !e(S0 4 ) 2 ,4H a 0. 
The former of these compounds corresponds with 
the intermediate oxide (V 4 0 7 (— 2CeO a ,Ce a 0 a ). 

Ceric sulphate forms a series of double 
sulphates (e.g. Ce(S() 4 ) a ,2K a S0 4 ,2tl a 0) with the 
alkali sulphates. 

Basic cone sulphates, 4CeO a ,3SO s ,12H a O, 
and 2CeO a ,3S()j,4H a O have been described by 
Hauser and Wirth (Zeitsch. anorg. Chera. 1908), 
and Ce0 8 S0 8 ,2H a 0, and 3CoO a ,4SO a by J. F. 
Spencer (Ohem. Soc. Trans. 1915, 107, 1265). 

Ceric nitrate Ce(N0 8 ) 8 OH,3H a O. This basio 
salt separates from a solution of ceric hydrox- 
ide in nitric acid. The normal corie nitrate 
has not been isolated, but the doublo nitrates 
R a I Ce(N0 3 )g, where R 1 is ammonium or an 
alkali metal, are well-definod crystalline sub- 
stances, having a bright-red colour ; they are 
very hygroscopic and readily soluble in alcohol or 
water. The doublo nitrates R n Ce(NO„) # ,8H a O, 
where R=Mg,Zn,Ni,Co,Mn, form a well-defined 
series. Those cenum doublo nitrateB are quite 
analogous to the corresponding doublo nitrates 
of thorium. 

For otkor ceric saltB, v. Barbieri, Atti R. 
Accad. Lincoi, 1907, [5] 16, 644 ; Ber. 1910, 43, 
2214. For double ceric fluorides, v. Brauner, 
Bor. 1881, 1944; Monatsh. 188£, 3, 1; Chem. 
Soc. Trans. 1882, 41, 68 ; Rimbach and Kilian, 
Annalen, 1909, 368, 101 ; Pozzi-Escot, Compt. 
rend. 1913, 156, 1074 ; Browning and Flora, 
Amer, J. Sci. 1903 [iv.] 15, 177). 

For oeric acetylacetonate, Ce(CHAo a ) 4 , see 
Job and Goissedlt, Compt. rend. 1913, 157, 50. 
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Cerium peroxide and Its derivatives. The 

addition of ammonia and hydrogen peroxide to 
a solution of a oerous salt determines tho 
precipitation of reddish-brown hydrated cerium 
peroxide Ce(0 2 H)(0H) 3 . When cerous nitrate 
or chloride is added to concentrated aqueous 
potassium carbonate, the solution takes up 
atmospheric oxygen and assumes a deep-red 
oolour. The liquid slowly deposits crystal- 
line dark- red potassium per-cir\c carbonate 
4K«C0 3 ,Ce(C0 3 ) 3 0 3 , 1 2H.,0. In the presence of 
glucose, this alkaline solution acts catalyticnlly 
When shaken in tho air, oxygen is taken up and 
tho per-ceric compound produced On stand- 
ing, this substance is reduced by the glucose to 
cerous salt, and tho colour disappears. Re- 
peated shaking* leads to renewed production of 
per-ceric compound, so that oxidation and re- 
duction proceed alternately to an indefinite 
extent (Pissarjewski, .T. Russ. Rhys. Chem. iSoc. 
1000, 32, 009; Zeitsch. anorg Chem. 1902, 31, 
359 ; Wyrouboff and Vemcuil, Compt. lend. 
1898, 127, 803 ; Job, Compt rend. 1898, 120, 
240; 1899, 128, 178, 1089; 1902, 134. 1052; 
1903, 130, 45 Engler, Zeitsch anorg (’hem. 
1902, 29, 1 ; Her. 1903, 30, 2042 ; 1904, 37, 49, 
3268). 

Applications of Cerium. — Metallic cerium (m 
the form of ‘mischmetal,’ r. Cerium Metals), 
has been used in the reduction of the refractory 
oxides of columbium, tantalum, molybdenum, 
&c. 

The oxidising action of cerium compounds 
has led to their use in photogiapby (Lunn^re, 
Compt. rend 1893, NO, 574), and as oxidising 
catalysts in organic preparations (At ti R. Accad. 
Lmcei, 1907 [5] 10, 1 . 395), and as an ingredient 
of ‘ driers.’ The oxidoH havo been suggested 
for use in colouring glass (Chem. Ind. 1904, 27). 
Cerium salts have been employed as mordants 
in dyeing. Tn the preparation of leather, hide 
powder decomposes cerium salts, fixing the 
olement in the form of hydrated oxide. The 
hide partially reduces ceric sulphate or ceric 
ammonium nitrate, absorbing oxygen and 
yielding a good quality of leather which has a 
yellow tint and resists the action of water 
(Garelli, Atti R. Accad. Lmcei, 1907, [5] 10, i. 
532). 

In addition to cerous oxalate, other salts 
( e.g . hypophosphate, and doublo ammonium I 
qitrate, tartrate and lactate) have been utilised 
■ibedicinally in the treatment of sea-sickness and 
nervous disorders. Incandescent gas mantles 
oontain about 1 p.c. of ceria and 99 p.c. of 
thoria (Meyer and Anschutz, Ber. 1907, 40, 
2639). 

(For the detection and estimation of corium, 
v. Analysis.) 

For a bibliography of cerium, see Hirsch, 
J. Soc. Chem. Ind. 1912, 477. G. T M. 

CERIUM METALS AND EARTHS. (The 
Rare Earths.) The so-called rare earths include 
a series of basic oxides, very similar in physical 
and chemical properties, which are generally 
found associated in certain rare minerals of 
complex composition (silicates, phosphates, 
titanates, oolumbates, tantalates, ziroonates). 

The metals contained in these oxides may be 
divided roughly into two groups, named after 
the minerals write and ytterbite , in which the 
rare earths were first discovered. 


The cerite metals (cerium group) are cerium, 
lanthanum , neodymium, praseodymium and 
samarium. 

The ytterbite metals (yttrium group) include 
dysprosium, holmium, erbium, europium, gado- 
linium, lutecium , cellium, scandium, tcibium, 
thulium, ytterbium (ncoytt erbium), and yttrium. 
Of tho latter section, europium, gadolinium, and 
terbium form an intermediate paries (the terbium 
group) connecting the cerium metals with the 
.remaining rare earths of the yttrium group 
proper. Closely associated with these elements 
is the metal thorium, and zirconium is generally 
included in the category of the metals of the rare 
earths. 

Historical Summary. In 1794 ytterbite, 
obtained from Ytterby near Stockholm, was 
| shown by Gadolm, its discoverer, to contain a 
new oxide, to which Ekcbcig subsequently gave 
the name yttria. Fiom the Swedish mineral 
cerite, Klaproth, in 1803, isolated another new 
oxide which is called ceria by Berzelius and 
Hisinger, who also examined it. Thoria was 
isolated by Berzelius in 1828 from the silicate 
thorite, found at Brevig m Norway. 

In 1839 Mosander isolated the oxides lunthana 
and didymia (Annalen, 1839, 32. 235 ; 1842, 44, 
125) from cento, and also effected a further 
separation from ytterbite of the earths erbui and 
terbm (Phil. Mag. 1843, 23, 251 ; J. pr. Chem. 
1843, 30, 288). In 1878 Mangnac separated 
from crude erbia a less basic colourless component 
which he calk'd yH erbia (Compt. rend. 1878, 87, 
578), and this fractionation was speedily followed 
by Nilson’s disoovery of scandta, the least basic 
of the ytterbite earths, and its identification as 
the oxide of the hypothetical clcaboron, predicted 
by Mendel6eff. in the same year Cleve effected 
a further separation of tho old ‘ erbia ’ and 
found two new earths, namely thvlia and 
holmia (Compt. rend. 1879, 89, 478, 708). Tho 
doubt expressed by Mangnac as to the homo- 
geneity of didymia was Hhared by Delafontaino, 
on tho ground of spectroscopic evidence (Compt. 
rend. 1878, 87, 634), and substantiated by Lecoq 
do Boisbaudran (Compt. rend. 1879, 88, 323), 
who isolated from this earth the less basic oxide 
samana. The didymia left after the removal of 
the last-mentioned oxide was still regarded as a 
mixture by Brauner (Monatsh. 1882, 3, 486; 
Chem. Soc. Trans. 1882, 43, 278), and in 1886 
Auer von Welsbach, by fractional crystallisation 
of the doublo didymium nitrates of ammonium 
and potassium, .succeeded in separating this 
earth into two components, which he named 
neodymia and qrrascodymia (Monatsh. 1886, 6, 
477). Lecoq do Boisbaudran now showed that 
Clove’s holmia was a mixture containing a new 
constituent dysprosia (Compt. rend. 1886, 102, 
1003), the simple naturo of which was after- 
wards confirmed by Urbam (Compt. rend. 1904, 
1J9, 736, and 1905, 141, 521). 

Oadolinia, which had been recognised by 
Marignac in samar sk He (Compt. fend. 1880, 90, 
899), was isolated in a more definite form by 
Lecoq do Boisbaudran (Compt. rend. 1889, 108, 
165; 1890, 111, 409, 472), and by Bettendorf 
(Annalen, 1890, 256, 159 ; 1891, 263, 164 ; 1892, 
270, 376), and further purified by Demargay and 
by Urbain and Lacombe (t\ Gadolinium). 
Further researches by Demaryay on Cleve » 
samaria led to the isolation of europia (Compt. 
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rend. 1890, 122, 728), an earth provisionally 
symbolised as 2, and afterwards sliown to be 
identical with oxides indicated by the symbols 
Z„ and Zf (Lecoq de Boisbaudran, Compt. rend. 
1892, 114, 570; 1893, 116, Oil, 074) and S« 
(Crookes, Compt. rend. 1885, 100, 1380, 1495; 
Proe Roy. Soe. 1885, 38, 414). 

Tcibui , which occurs only in small amount 
in ytterbite, has Jieen isolated m a purified state 
by Urbain (?’. Terbium), and Mangnac’s ytterbia 
(l c.) has been fractionated by Auer von Wels- 
bach (Monatsh. 1900, 27, 935), and separated 
into two components, veoytterbia and Intec ta, by 
Urbain (Compt. rend. 1907, 145, 759). In 1911 
Urbain discovered that the lutecium from 
gadolinite is accompanied by a small quantity of 
a rare earth metal which he called album 
(Urbain, Compt. rend. 1911, 152, 141). 

Occurrence (i>. Das Vorkommon des seltenen 
Erden, Schilling, 1904; Phipson, Chorn. News, 
1890, 73, 145). 'Phe following is a short descrip- 
tion of the moat important sources of the rare 
earths : — 

(For details concerning the various minorals, 
see under their respective headings.) 

1. Minerals containing chiefly Cerium Earths. 

Cerite (ochroitc, eerente, cennstem), a 
hydrated silicate containing 00 -70 p.c. of cerium 
and its allies, together with smaller amounts of 
iron, calcium, and the yttrium earths, found 
in the Bastnas mine at Ryddarhyttan in 
Sweden. 

Orthite (allamte, bodenito, eenne, muromont- 
ite, pyrorthite, tautolito, uralorthito, wasite), 
a double silicate of aluminium and the cerium 
metals (10-25 pc.), together with smaller 
quantities of thorium, iron, calcium, and the 
yttrium metals ; found in (Jreenland, Scandi- 
navia (Arendal, Hitteroe, Stockholm), United 
States (New York, North Carolina, Pennsylvania, 
Virginia, Texas), Ural Mountains (Minsk), and in 
several localities m Cermany. 

Monazile (cryptohto, edwarsite, eremite, 
mengite, turnerite), an orthophosphate of tho 
cerium metals (Co, La, Nd, Pr) m P() 4 , con- 
taining 40 -70 j) e. of these elements together 
with varying amounts of thorium (0-18 p.c.) ; 
it occurs in the; plutonic and oldor volcanic 
rocks, and in the alluvial sands of the rivers and 
coasts of Brazil, North ami South (Carolina, and 
Travancore, m the Federated Malay States, 
Ceylon and Nigeria, &c. 

Mschenite. A complex, eolumbate-titanate, 
containing approximately equal proportions 
(13-23 p.c.) of thorium and tho cerium metals, 
together with a small proportion of the yttrium 
group, found at Hitteioe (Norway) and Miask 
(Ural Mountains). 

2. Minerals containing chiefly Yttrium Earths. 

Ytterbite (gadolinite), a basic silicate con- 
taining yttrium earths (40-48 p.c.) and cerium 
earths (5-10 p.c.), together with glucinum and 
iron ; found m Colorado, Cermany (Harz 
Mountains and Silesia), Scandinavia (Fahlun, 
Hitteroe, Ytterby), and Texas. 

Yttrialite, a silicate of the yttrium metals 
(43-47 p.c.), thorium (10-12 p.c.), and cerium 
metals (5-8 p.c.), found in Texas. 

Xenotime , a phosphate of the yttrium metals 


(54-04 p.c.), corresponding with monazite ; it 
contains also smaller amounts of the cerium 
metals and thorium ; found in Brazil, North 
Carolina, Georgia, Norway, Sweden and Switzer- 
land. 

The following minerals contain the yttrium 
earths and smaller quantities of thoria and the 
cerium earths united with varying proportions 
of the more acidic oxides of columbium, tanta- 
lum, titanium, tungsten, tin, uranium, silicon, 
and zirconium. 

Frrgusonitc (hragite, koehelite), found in 
Ceylon, Greenland, Arendal, Ytterby, Massa- 
chusetts, North Carolina, and Texas. 

Ythotantalitv, found m Norway, Sweden, and 
the Ural Mountains. 

Hamar state (nohlite, vietmghofite, ytteroil- 
memte), found in Canada, Connecticut, North 
Carolina, and Cral Mountains (Miask) 

Poh/cmse, found m Canada, Scandinavia, and 
North and South Carolina. 

E oxen ile (loranskito), found in North 
Carolina, Norway Hitteroe, Brevig), and 
Swaziland. 

Many other rare eomplex minerals (fluorides, 
zireono-siheates, titanates. eolumbates, tanta- 
lates, uranates, &c ) contain considerable 
amounts of the rare earths, which are also not 
infrequently found in small quantities in 
commoner minerals (e q. limestones, apatites, 
seheehtes, ike.) Traces of the rare earth metals 
have been detected in mineral waters, in the 
ashes of plants, in urine, and in bone ash. 

Extraction of the, Rare Earths . — The finely 
powdered mineral, made into a paste with 
concentrated sulphuric acid, is heated till the 
mass lieeoines dry and hard The product is 
extracted with water, the solution treated with 
hydrogen sulphide to remove copper, bismuth, 
molybdenum, ike,., and the metals of the rare 
earths precipitated as oxalates by the addition of 
oxalic acid. Tho oxalates are decomposed at 
400°, the residual oxides dissolved in dilute 
sulphuric acid, and the solution saturated with 
sodium or potassium sulphate, when the double 
sulphates of the cerium medals are precipitated, 
whilst thoso of the yttrium metals remain 
dissolved. 

The complex minerals containing columbium, 
tantalum, titanium, &c., may be decomposed by 
hydrofluoric acid, when the foregoing dements 
form soluble fluorides, whilst tho fluorides of the 
rare earth metals are precipitated. Or these 
minerals may bo broken up by heating with 
strong sulphuric acid or potassium hydrogen 
sulphate and the rare earths precipitated by 
ammonia from the solution of their sulphates. 
These hydrated oxides are freed from the co- 
precipitated columbium, tantalum, and titanium 
hydroxides by prolonged boiling with nitric acid, 
when the latter hydroxidos separate in an in- 
soluble form. The rare earths are precipitated 
as oxalates from their solution in nitric acid, the 
oxalates ignited, and the resulting oxides sub- 
jected again to the nitric acid treatment until a 
complete separation is offected» Or the minerals 
may be heated in the vapour of disulphur 
dichloride S a Cl 2 , or carbonyl chloride COClj, 
when tho chlorides of columbium, tantalum, 
titanium, &c., are volatilised, and the rare 
earth metals are converted into non-volatile 
chlorides (Hicks, J. Amer. Chem. Soo. 1911, 33, 
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1492 ; Barlot and Chauvonet, Compt. rend. 
1913, 157, 1153). 

The methods of separating and purifying the 
rare earths, which will be further described 
under the appropriate headings ( v . Cesium, 
Yttrium ; Terbium ; Thorium, &o.) may be 
divided into the following two classes : — 

1. Separations based on differences of 
basicity. 

a. Tho fractional precipitation of the earths 
with bases of varying strengths : ammonia, 
caustic alkalis, magnesium hydroxido, organic 
bases. 

b. The fractional decomposition by heat of 
the solid nitrates and other salts. 

2. Separations based on differences of solu- 
bility. 

Considerable ingenuity has been shown in 
separating the metals of tho raro earths by 
taking advantage of the slight differences of 
Holubility exhibited by their salts with acids of 
widely different types. The following series 
does not exhaust tho list of compounds which 
have boon ut'hsed in these intricate separa- 
tions : Sulphates, double sulphates, nitrates, 
double nitrates, chromates, broinates, formates, 
oxalates, succinates, ethyl-sulphates, acetyl- 
acetonates, dimethyl phosphates, glycollates, 
and sulphanilates [cf. James, J. Amor. Chain. 
Soc. 1912, 34, 757). 

Tho progress of these separations is con- 
trolled by chemical and physical methods. 

1. The chemical control consists in deter- 
mining tho equivalent of any fraction either by 
a gravimetric analysis of its sulphato (Kruss, 
Zeitsch. anorg. Chom. J 893, 3, 44 ; Wild, ibid. 
1904, 38, 191 ; Brill, ibid. 1908, 47, 464 ; Jones, 
ibid. 1903, 36, 92 ; Brauner and Pavliook, Chem. 
Soc. Trans. 1902, 81, 1243), or by a volumetric 
analysis of its oxalate (Feit and Przibylla, 
Zeitsch. anorg. Chem. 1905, 43, 202). 

2. The physical methods consist m observmg 
tho magnetic susceptibility of tho fractions and 
their spectroscope characters. Tho rare earths 
differ considerably in magnetic susceptibility, 
and determinations of its amount are readily 
made by the magnetic balance of Curie and 
Chereveau (Urbain, Compt. rend. 1908, 146, 400, 
922; 1908, 147, 1286; 1909, 149,37; 1910, 
150, 913 ; 1911, 152, 141 ; 1914, 159, 323). 

The most convenient spectroscopic con- 
trols are (i. ) the absorption spectra, exhibited by 
solutions of the salts of many raro earths ( e.g . 
neodymium, praseodymium, samarium, terbium, 
erbium, thulium, dysprosium and europium) ; 
(ii.) the arc spectra, in which all the rare earths 
give characteristic lines both in the visible and 
ultra-violet regions of the spectrum. Carbon 
electrodes are employed, the lower one con- 
taining a hollow in which is placed the salt under 
examination. The arc spectra are photographed 
and the lines identified by comparison with tho 
photograph of an iron spectrum taken under 
similar conditions. The method is extremely 
sensitive, although not equally so for different 
elements (c/. Spectrum analysis and v. Exner 
and Hascheok, Die Wellenlangen der Bogen- 
spektra, 1904 ; and Hagenbach and Konen, Atlas 
der Emissions pektren der moisten Elemente, 
1905). Other emission spectra (the flame, spark, 
and cathode luminescence spectra) have been 
found to give useful indications in certain cases 
Vol. II.— T, 


(Crookes, Phil. Trans. 1883, 174, [3] 891 ; Proc. 
Roy. Soo. 1885, 38, 414 ; 1886, 40, 77, 236, 502 : 
Chom. News, 1886, 54, 39, 54, 63, 76, 155 ; 56, 
83, 95 ; 56, 59, 62, 72, 81 ; Chem. Soc. Trans. 

1889, 55, 255 ; Proc. Roy. Soc. 1899, 65, 237 ; 
Lecoq de Boisbaudran, Compt. rend. 1885, 100, 
1437 ; 101,552,588; 1886, 102, 153, 899 ; 1536 ; 
103, 113, 627; 1887, 105, 258, 301, 343, 784; 

1890, 110, 24, 67; Bettendorf, Annalen, 1892, 
270 376 ; Baur and Marc, Ber. 1901, 34, 2460). 


Physical and Chemical Properties op the 
Rare Earths and their more Impor- 
tant Compounds. 


Hydrides. The rare earth metals combine 
directly at 220°-270° with hydrogen to form 
brittle amorphous solids rangmg in colour from 
bluish-black (Ce and La), indigo blue (Nd), to 
greon (Pr), and readily dissociated at higher 
temperatures (Muthmann, Kraft and Beck, 
Annalen, 1902, 325, 261 ; 1904, 331, 581). 

Oxides and hydroxides. Tho metals of the 
rare earths were formerly supposed to be diads 
(cf. Wyrouboff, Bull. Hoc. chim. 1889, [3J 2, 
745; 1899, [3J 21, 118; Compt. rend. 1899, 128, 
1573), but they are now regarded as torvalent 
elements forming oxides of the type R 2 O s , 
although cerium, neodymium, praseodymium, 
and terbium are capable of yielding lugher 
oxides. The more stable oxides of thorium and 
zirconium are of the form R() a . The present 
viow of the valency of tho metals of the raro 
earths is supported by the following fncts : — 

(i.) The isomorphism of bismuth nitrate and 
certain nitrates of the rare earth senes (Bodman, 
Ber. 1898, 31, 1237). 

(ii.) The cryoBCopio and obullioscopic deter- 
mination of the molecular weights of the chlorides 
and acetylaootonates (Bor. 1898, 31, 1829 ; 
Compt. rend 1901, 133, 289; Annalen, 1904, 
331, 334) ; those salts are thus found to have tho 
general formula RX 3 . 

(ni.) The electrical conductivity of the chlor- 
ides and sulphates in aqueous solution (Zeitsch. 
physikal. Chem. 1899, 30, 193 ; Amer. Chem. J. 
1898, 20, 606). 

(iv.) The specific heats of cerium, lanthanum 
and (hdynnum (Annalen, 1873, 168, 45; Ber. 
1881, 2821 ; Bull. Soc. chim. 1882, (2J 38, 139). 

The rare earth oxides vary considerably in 
basic power, lanthana, prasoodynna, neodymia, 
and ceria, Ce 2 () 3 , being the strongest whilst 
nooytterbia, lutehia, seandia, and cerium dioxide 
aro among the weakest bases of the series. In 
general, the oxides (R 2 0 3 ) of the cerium metals 
aro stronger bases than those of the yttrium 


group. 

The hydroxides are thrown out of solution as 
gelatinous precipitates by ammonia, ammonium 
sulphide, and the caustic alkalis, even in the 
presence of ammonium salts ; but this precipita- 
tion is prevented by citric or tartaric acid 
(except in the case of scandium). Unlike 
thorium and zirconium, the metals of the 
cerium, terbium, and yttrium groups are not 
precipitated as hydrated peroxides from neutral 
solutions by hydrogen peroxide, but their per- 
oxides separate from alkaline solutions (Brauner, 
Ber. 1881, 14, 1944 ; Cleve, Bull. Soc. Chim. 
1885, [2] 43, 53). These peroxides are very un- 
stable, evolving oxygen at even the ordinary 
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temperature ; they are completely destroyed by The double sulphates of the terbium group 
acids (v. Cerium ; cf. Molikoff and Pissarjewski, occupy an intermediate { osition, being mode- 
Zeitflch. anorg. Chem. 181)9, 21, 70). rately soluble in solutions of alkali sulphates. 

Chlorides. The chlorides of the rare earth Carbides ot the rare 1 earth metals may be 
metals are deliquescent salts readily soluble in prepared by hoatuig the oxides with carbon in 
water or alcohol, and crystallising fiom the the electric furnace. They have the general 
former solvent with 6 or 7 molecular proportions formula MC 2 . They are brittle, crystallme 
of water. 'The anhydrous chlorides, which are solids, transparent in thin layers and of a yellow 
fusible at red heat, but very slightly volatile, are colour. They are decomposed by water, 
obtained either by evaporating their solutions forming a mixture of acetylene, hydrogen, 
to dryness with ammonium chloride, by heating ethane, and ethylene, and the hydroxide ot the 
the corresponding oxides with carbon in a stream metal M(OH).,. 

of chlorine, or pi durably by heating the oxide or Carbonates. Ammonium, sodium, and potas- 
dry sulphate in a current of sulphur ehlonde or siuin carbonates precipitate the neutral or basic 
carbonyl chloride or cat bon tetrachloride carbonates from solutions oi the rare earths ; but 
(Matignon and Bourion, Compt. rend. 11)01, Hill, these precipitates are soluble in excess of the 
280 ; 1002, 104, 657, 1308 , 1004, 138, 031 ; 1905, reagents, and from the solutions thus obtained, 
140, 1181 ; Muthmann and Stutzcl, Her. 1800, crystalline double carbonates are deposited on 
32,3413; Petterson, Zeitseh anmg. Chem 1803, evaporation. The carbonates of the yttrium 
4, J ; Chauveret, Compt. rend. 1011, 152, 87). metals are generally inoie soluble than those of 
The chlorides of the lare earth metals com- the cerium group m solutions of the alkali 
bine additively with ammonia and organic bases carbonates. 

{c.(j, pyridine ; cf, Conipt rend. 1005, 140, 141 ; Oxalates. The rare earth oxalates are 
J. Amer. (them. Sue. J002, 24, 510; 1003, 25, pioeipituted by oxalu and or soluble oxalates 
1128; Per. J002, 35, 2022), and exhibit a great in neutral oi acid solutions, and the sparing 
tendency to form double salts with the less solubility ol these compounds in acids is a 
electropositive metals. The platmiehlorides ol characteristic piopeity which serves to separate 
the cerium metals are isomorphous and crystal- the iarc earths from other metallic bases (Her. 
liso in regular oetabedra (Her. 1870, 1722, 1808, 31, 1718 ; .1800, 32, 400). 

Anualon, 1878, 101, 331). The oxalates ol the xaie earths proper dis- 

Fluorides. The iarc eaith metals, including solve only slightly m ammonium oxalate, 
thorium, are precipitated completely as gela- dill ciing m this lespect from the oxalates of 
tinous fluorides by soluble lluurides and by thorium and zirconium, the latter being also 
hydrofluoric and Jluosilnic acids, m this respect soluble in flee oxalic acid ((’hem. Soc. Trans, 
differing from zirconium, which forms a soluble 1808, 73, 051). Aqueous ammonium acetate 
double fluoride. dissolves the oxalates ot the yttrium group (Bull. 

Nitrides. The rare earth metals when heated Soc. cluin 180(1, [3j 15, 338). 
combine directly with nitrogen to form mimics Formates. The formates of the cerium 
of the type MN. They are brittle amoiphous group are less soluble than those of the yttrium 
solids, decomposed by moist air or by water, group. These salts have piovcd useful in 
tormuig ammonia and the corresponding separating the elements ot the terbium group, 
hydroxide. Acetates. The acetates of the eeuum group 

Nitrates. The nitrates of tho raic earths are voiy soluble and crystallise with difficulty ; 
dissolve readily m wator oi alcohol, those of the those ot the yttrium group are less soluble, 
cerium group crystallising with 0 muleculai Boiling with sodium acetate precipitates zir- 
proportions of water, whilst the corresponding conium and thorium from solutions of their 
salts of the yttrium gioup contain 3-6 molecules soluble salts, but not tho rare earths proper, 
of water. The cerium metals readily furnish excepting cerium from ceric salts (Bei. 1002, 35, 
stable crystallisable double nitrates with the 672). 

univalent and bivalent metals (ammonium, Acetylacetonates. Acetylacetone funushes 

sodium, magnesium, &u.) well-crystallised salts with the rare earths, and 

Sulphates. The rare earths dissolve m dilute the fractionation of these compounds from 
sulphuric acid, and the solutions deposit alcohol has served in the separation of the 
hydrated sulphates containing' frequently 4, 8, yttrium group (Urbam, Conipt. rend. 181)7, 124, 
or 12 molecules of water. The octahydrated sul- 618; Bull. Soc. chim. 181)7, [3] 17, 1)8; Ann. 
pliates of praseodymium, neodymium, yttrium, Chim. Phys. 1900, [7J il), 184; Blitz, Annalon, 
gadolinium, and ytterbium are isomorphous 1904, 331, 60 ; Zeitseh. anorg. Chem. 1904, 40, 
(monoclmic) ; but the oerous salt Ce 2 (S0 4 ) a , 218; Hautzsch and JJcscb, Annalen, 1902, 
8H 2 0 is rhombic. With excess of acid, the 323,26; Blitz, i bid. 1904,331, 334; James, J. 
normal sulphates of the rare earths are con- Amor. Cliem. Soc. 1911, 33, 1332 ; Morgan and 
verted into acid sulphates of considerable Moss, Chcru. Soc. Trans. 1914, 105, 189). 
stability (Bull. Soc. chim. 1889, [3] 2, 745 ; Dimethyl phosphates. A solution of the 

Compt. rend. 1902, 134, 657; Zeitseh. anorg. rare earths is made m dimethyl phosphoric acid, 
Chem. 1904, 38, 322 ; (’hem. Soc. Trans, 1902, tho temperature raised anil the precipitate 
81, 1243; James and Holden, J. Amer. Chem. collected; additional fractions are obtained by 
Soc. 1913, 35, 559). evaporating the mother liquor. In the case of 

The sulphates of the rare earths have the a material containing gadolinium with just 
characteristic property of combining with the sufficient terbium to colour the oxide orange- 
alkali sulphates ; the double sulphates of the brown, tho gadolinium collects in the most 
cerium group are only sparingly soluble in soluble fraction, and the. terbium in the least 
concentrated solutions of the alkali salts, whilst soluble. Lanthanum, cerium, praseodymium, 
those of the yttrium group are readily soluble, and neodymium are left in the mother liquor. 



147 


CEVADINE AND THE ALKALOIDS OF VERATRUM SPP. 


Samarium, europium, and gadolinium are muoh 
leas soluble than these, but moro soluble than 
terbium, dysprosium, and holmium, erbium 
thulium, yttrium, and ytterbium collect in the 
least soluble fractions (Morgan and James, J. 
Amer. Chom. Soc. 1914, 36, 10). 

The Metals of the Rate Earths . — The oxides 
of the rare earths are very refractory substances, 
which have not been reduced directly ; the 
metals are generally sot free from the anhydrous 
chlorides. This reduction may he effected with 
sodium or potassium, but is preferably carried 
out electrolytieally. The dry chlorides, mixed 
with a small proportion of alkali chloride, or 
barium chloride, are electrolysed in a coppei 
crucible, hik'd with carbon electrodes, the 
electrolysis being carried out with a current of 
30-40 amperes and 12 15 volts. The mixed 
metal collects in a molten state round the 
cathode, which passes through the bottom of the 
crucible. The anode* is movable, so Unit 
the resistance and therefore the temperature 
can bo increased until ail the separated metal 
melts together. A yield of 750 grams of metal 
can bo obtained with a current of 120 amperes 
in 6 hours. 

With the mixed eldoiides, piepared fiom till* 
waste oxides of the thoria manufacfuie, the pro- 
duct is the so-called ‘ mischmetal ’ (Ce, 15 p c. ; 
La, JVd, Pr, 35 pc. ; Sm, Ei, (hi, V, 20 pc ), 
which has been used, like aluminium in the 


witherite (BaCO.). Six-rayed stellate groups 
of twinned crystals are extremely characteristic. 
The crystals possess an adamantine lustre, are 
very hoavy (sp.gr. 6*5), and effervesce with 
dilute acid ; they are very brittle, breaking with 
a bright conchoidal fracture ; hardness, 3-3£. 
The mineral occurs in the upper oxidised zones 
of veins of lead ore, having been formed by the 
action of carbonated surface waters on galena. 
Enormous deposits of cerussito intermixed with 
embohte (silver cliloro- bromide) and iodyrite 
(silver iodide) have been extensively mined at 
Broken Hill in New South Wales, where little or 
none of the oxisided ore now remains. Tnti- 
matuly mixed with hermmorphitc (hydrated zinc 
silicate), it is abundant, at Broken Hill in North- 
Western Rhodesia At both of these localities, 
many finely crystallised specimens have been 
found L. J. S. 

CERYL ALCOHOL u. Waxes. 

CETIAC0L, Trade name for pyrocateehol 
methylcetyl ether. 

CETINE i>. Waxes. 

CET0SAN. Trade name for a mixturo of 
the higher alcohols of spermaceti, mainly cetyl 
and octodecyl alcohols, with vaseline. When 
shaken with water, it forms a permanent creamy 
emulsion (Blat/, J. Hoc. (.‘hem. Ind 1608, 865). 

CETYL ALCOHOL, CETYLIC ACID and 
CETYL ACETIC ACID (v. Spermaceti). 

CETYLMAL0NIC ACID 


Cioldsoti mult process (‘ thermite ’), to eilecl the 
reduction of the refraetoiy oxides of molybde- 
num, vanadium, eolumhmm, and tantalum | 
(Muthmami, Hofer, and Weiss, Aimalen, 11)02, i 
320, 331 ; 1004, 331, 1 ; 1005, 337, 370). 

Bibliography of the Rani Earths - Rohm, 
'hirstellung der seltonen Krden ; Bi owning, 
Introduction to the Raici Elements ; Abegg, j 
Ilandbueh der Anorgamsehen Chemie, vol. in ! 
part j ; Herzfcld and Korn. Dionne der sol- 
tenen Eiden ; WyroubuJf and Verneuil, La 
Dnmie des Titivh Hares CL T. M. 

CEROSIE t> Sugar cane wax and waxes. 

CEROSILINE v Waxes. 

CEROTENE C 27 H 51 A crystalline hydro- 
carbon, m.p. 65°, found by Konig and Kiesow 
(Her. 6, 500) associated with cholesterol in the 
fat wax of hay and straw, and detected by 
Kneeht and Hibbert in ordinary household 
chimney soot (Mem. Manchester Phil. Soc. 1914, 
58, (211). 

CEROTIC ACID C 26 U 51 OOOH is found free 
in beeswax (B iodic, Phil. Trans 1848, i 147; 
Marie, Ann. Cliim. Phys. 1896 [71,7, 145) and 
combined as eery] ccrotato in insect wax 
(Brodio, lx. ; Henriques, Bcr. 1897, 30, 1415). 
though some doubt has boon expressed as 
to the identity of the latter acid with that m 
beeswax. 

CEROTIN v. Waxes. 

CER0TINE-0RANGE, -PONCEAU, -SCAR- 
LETS, -YELLOW p. AZO- COLOURING MATTERS. 

CEROXYLIN v. Waxes. 

CERULEKNp. ALIZARIN AND ALLIED COLOUR- 
ING MATTERS. 

CERUSSITE. Native lead carbonate 
(PbC0 3 ), of some importance as an ore of lead 
(Pb, 77*5 p.o.), being known as white lead-ore. 
It crystallises in the orthorhombic system and 
is isomorphous with aragonite (CaC0 5 ) and 


CU#!H a ) Jfi Cll(CO a H) 2 

Prepared from a-cyanstearic acid and potash 
(Hell and Sadonisky, Ber. 1891, 2781), or 
(liethylmalonic ester, methyl iodide, and cetyl 
iodide (Cuthzeit, Annalen, 206, 357) ; m,p. 
121-5° 122°. 

CEVADINE AND THE ALKALOIDS OF 
VERATRUM SPP. The i-ourccs principally 
concerned are the seeds of Relax noeaulov officinale 
(A. Cray) | . I mgi mt officinalis (Lindley)], and 
the rhizomes of V rial mm miulr (Ait.) (green 
hellebore) and Via air a hi album (Linn.) (while 
hellebore), all of which belong to tho N. 0. 
Lihaccce, and have nothing in common with the 
hellebores proper, which belong to the N. O. 
Ra/nuneulact m. Tho alkaloids present in these 
three drugs are as follows ■ - 

Sabadilla seeds Cevadine (crystallised veratrine) 
Covine (sabadinine) 

Vcratndmo (amorphous vora- 
tnne) 

Sabadilline (cevadillme) 
Sabadmo 

While Hellebore Protoveratrine 
Jervine 
Pseudojorvinc 
Rubijervme 
Protoveratridine 
Veratralbmo 

(Irqen Hellebore Cevadine 
Voratridino 
Jervine 
PHeudojervine 
Veratralbino 

It should be noted that there has b<*on con- 
siderable confusion in the nomenclature of these 
alkaloids. Commercially the name 1 veratrine ’ 
is applied to an amorphous mixturo of alkaloids 
obtained from sabadilla seeds. The name 
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veratrine is also frequently applied to veratri- 
dine, usually, however, with the prefix ‘ amor- 
phous,’ and to cevadine, with the prefix ‘ crys- 
talline.’ The name veratridme was also applied 
by Robbins (Pliarm. J. J 877-1878, [iii.] 8, 316) 
to a crystalline alkaloid contained in green 
hellebore, and which, m some respects, resembles 
protovoratrine. It is not identical with Bosetti’s 
veratndine isolated from sabadilla seed (Ber. 
1883, 16, 1384). 

Alkaloids of Sabadilla Seeds. 
i, Cevadine (crystallised veratrine) C 3S H 4# () B N is 
the chief alkaloid of sabadilla or cevadilla seeds 
(Schoenocaulon officinale [A. Gray]). 

Preparation. The finely -powdered seeds are 
extracted with alcohol, containing 1 p.c. of 
tartaric acid. The acid liquid is evaporated 
and diluted with water, to precipitate resin. To 
the clear solution soda is added m slight excess, 
and the mixture completely extracted by 
repeatedly shaking with ether. The ethereal 
solution is mixed with light petroleum and 
the filtrate allowed to evaporate spontaneously. 
Crystals of cevadine separate? from the syrup, 
and are recrystallised from their solution m 
alcohol. The remaining syrup contains veratri- 
dine (amorphous veratrme) and sabadilline 
(Wright and Luff, Chem. Soc. Trans. 1878, 33, 
338). 

‘ Commercial veratrme ’ is a maeroscopically 
amorphous mixture of cevadine and veratndine 
(g.v.), possibly with small quantities of other 
alkaloids. It was deleted from the B.P. 1914, 
but is retained m the U.8.P. Tt is used exter- 
nally, chiefly against lice. Sabadilla seeds 
contain about 0'7 p.c. of total alkaloids, of 
which about one-seventh can bo crystallised 
(cevadine). 

Properties. Rhombic pnsms, containing 
2C 8 H 5 0il when crystallised from alcohol. The 
alcohol is lost at 130°- 140°, and the alkaloid 
then melts at 205° with decomposition. Nearly 
insoluble m water, soluble in alcohol or other. 
Optically inactive (Freund and Schwarz, Ber. 
1899, 32, 800). 

The auriohloridc, m.p. 182° (decomp.), and 
the mercurichloride, m.p. 172° (decomp.), arc 
characteristic crystalline compounds (Ahrens, 
Ber. 1890, 23, 2700). In carbon disulphide 
solution additive compounds with chloral and 
bromal are formed (Frankforter and Krit- 
schevsky, J. Amer. Chem. Soc. 1915, 37, 2567). 

Cevadine is intensely poisonous ; minute 
quantities cause violent sneezing. 

Reactions. — When warmed with concentrated 
hydrochloric acid cevadine produces a fine 
purphsh-red colour, which is a somewhat delicate 
teBt for the alkaloid. Concentrated sulphuric 
acid produces a carmine-red colouration, or, if 
the alkaloid is previously mixed with a little 
sugar, a blue colour. * 

Cevadine is a monacichc tertiary base. It 
contains no 'znethoxyl groups and no : NMe 
; one HO' group is present, 
hen anhydrous cevadine is distilled 0-pico- 
line is obtained with tig lie acid. 

When heated with alcoholic potash, cevadine 
undergoes hydrolysis furnishing 
Cevine C 27 H 48 0 8 N 

and angelic and tiglic acids C 4 H # 0 8 (Wright and 


Luff, Chem. Soc. Trans. 1878, 33, 338 ; 1879, 
35, 405 ; Bosetti, Arch. Pharm. 1883, [iii.] 21, 
81 ; Ahrens, Ber. 1890, 23, 2700 ; Freund and 
collaborators, ibid. 1899, 32, 801 ; 1904, 37, 
1964). Cevine crystallises with 3£H t O from 
dilute alcohol, m.p. 195°-200° (anhydrous), and 
yields derivatives both with metals and acids. 
It is less toxic than cevadine (Freund, lx.). 

According to . Hess and Mohr (Ber. 1919, 
52 B, 1984) cevine is identical with sabadinine, 
whioh Merck (Arch. Pharm. 1891, 229, 164) 
isolated from the mixed alkaloids of sabadilla 
^eeds. 

Veratridine ( amorphous veratrine) C 87 Hj 8 O u N 
is found in sabadilla seeds, and is isolated from 
the amorphous alkaloids precipitated in the 
earlier Btages of the preparation of cevadine 
(see above) by treating them with ether, when 
they separate into insoluble matter (sabadilline) 
and soluble matter (veratridine). The latter is 
purified by conversion into the sparingly soluble 
nitrate. Veratridine is sternutatory, yellowish- 
white, amorphous, soluble in 33 parts of water, 
and melts at 180°. On hydrolysis by alkalis it 
yields verine 0 as H 46 O„N, which closely resembles 
cevine (see above) and veratnc acid (3 : 4 
dimethoxy benzoic acid). 

Sabadilline (cevaddltve) (■ 84 H 68 O h N is a 
second amorphous alkaloid occurring in sabadilla 
seeds. It yields amorphous saltB (W. and L. l.c.). 

Sabadine C 29 H 6 ,0„N, crystals, m.p. 238°- 
240°, also occurs m sabadilla seeds ; the salts 
are crystalline (Merck, Arch. Pharm. 1891, 229, 
164). 

Sabadilline and sabadine resemble cevadine 
in action, but arc less toxic. 

Cevadine and veratndine, the two principal 
alkaloids in ‘ commercial veratrme,’ cannot be 
separated by crystallisation of the former from 
, alcohol, or extraction of the latter by water, 
but they may be estimated by hydrolysing with 
alcoholic sodium hydroxide, acidifying, and 
estimating the volatile tiglic acid (from the 
cevadine), and the non-volatile veratric acid 
(from tho veratridine) ; the latter acid is 
extracted by ether (Wright and Luff, l.c.). 

Alkaloids of White Hellebore Rhizome. 

Protoveratrine C 82 H 6l 0nN is the chaiacter- 
lstically toxic alkaloid of white hellebore ‘ roots.’ 
It crystallises in thin four-sided tablets from 
alcohol, m.p. 245°-250°, 239°-241° (Brcdemann), 
and dissolves in sulphuric acid with a green 
colouration, which gradually passes into deep 
blue. It is readily decomposed by acids yielding 
t\so butyric acid as one product. 

Protoveratrine is accompanied in white 
hellebore rhizomes by 

Jervmc C 26 H 87 0 8 N, prismatic crystals, m.p. 
238°- J 242° ; toxic. 

PBeudo jervirw C 2 »H 48 0 7 N, six-sided tablets, 
m.p. 300°-307° ; not poisonous. 

Rvbijervme 0 afl H 48 0 2 N, long prisms, m.p. 
240°-246°, 234° (Breaemann) ; not poisonous. 

Prolover abridine C a4 H 4B 0 8 N, four-sided plates, 
m.p. 265° ; not poisonous. 

The chief papers relating to protoveratrine 
and its congeners are Wright ana Luff (Chem. 
Soc. Trans. 1879, 35, 405), Salzberger (Inaug. 
Dies. Erlangen, 1890 ; Aroh. Pharm. 1890, 228, 
462, the most important paper on the subject), 
Pehkschen (Inaug. Diss, Dorpat, 1890; J. 
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Pharm. Chim. 1890, [v.l 22, 285), and Brede- i 
mann (Apoth. Zeit. 1906, 21, 41, 53). 

Alkaloids of Qreen Hellebore Rhizome . 

The chief alkaloids occurring in this drug 
( Verabrum viride, U.S.P.) have Been described 
already, viz. cevadine [see under Alkaloids of 
sabadiila seeds), jervine, and pseudojervine (see 
under Alkaloids of white hellebore rhizome). 
Veratridine [see under Alkaloids of saba/HUa 
seeds) occurs only in traces in green hellebore. 
Robbins isolated from green hellebore rhizomes 
(Pharm. J. 1877-1878, [iii.'j 8, 316) a crystalline 
alkaloid which he called veratridine, and which, 
like protoveratrine of white hellebore, gives a 
green colouration with sulphuric acid. The 
amorphous alkaloid veratralbine was also 
obtained by Wright and Luff from this source 
(Chem. Soo. Trans. 1879, 35, 421). 

CEYLON MOSS v. Alq^i. 

CHAGRAL GUM v. Gums. 

CHAILLETIA TOXICARIA (Don ). A plant ! 
found in Upper Guinea, Sierra Leone, and 
Senegambia, the seeds of which contain u 
poisonous resin used for killing rats and other 
animals (Power and Tutin, J. Amcr. Chem. Soc. 
1906, 28, 1170). 

OHALCANTHITE. Native copper sulphate, 
CuS 0 4 ,7H 8 0, found as a bright- blue efflorescence, 
or rarely as distinct crystals, in many copper 
mines, being especially abundant in some of the 
Chdoan minos. In solution it is always present 
m the waters issuing from coppor- mines ; these 
are allowed to flow over scrap iron, the copper 
being precipitated as cement-copper. About 100 
tons of coppor have boon so saved annually from 
the waters of the Rio Tinto mine in Spain, and 
considerable amounts were formerly obtainod 
from tho mine waters in Co. Wicklow. 

L. J. S. 

CHALCEDONY. A nativo form of silica 
occurring in reniform, botryoidal, or stalactitic 
masses lining and filling cavities in rocks. It 
is usually greyish or creamy-yellow in colour, 
and has a characteristic waxy lustro with a 
certain degree of translucency. It possesses a 
minutely fibrous structure, the fibres being 
arranged perpendicularly to the concentric 
banding of the material. Tho optical character 
and orientation of tho fibres is variable ; and 
based on these difforencos French authors have 
distinguished several forms of silica under 
special names (quartzine, lutecite, lussatite, 
onalcedonite, and pseudochalccdonite). The 
physical characters of the mineral approach 
those of quartz, but with slightly lower values ; 
sp.gr. 2 ‘57-2*64; hardness 6 £-7 ; ?in» 1*5326, 

1 ‘5435. Analyses show, in addition to silica, 
the presenoe of variable amounts of impurities 
(iron oxides, alumina, &c.), and on the average 
about 1 p.c. of water. The water is probably 
present as adsorbed water held between the 
fibres ; and its presence supports the idea that 
the mineral was deposited m a colloidal form 
as hydrated silica, and that it afterwards 
passed into minutely crystalline quartz. 
Depending on the nature of tho impurities 
present (and partly also on the state of aggrega- 
tion of the material) the mineral may be of 
various colours, and on these differences are based 
several trivial varieties which are used as semi- 
precious stones. Cornelian owes its red colour 


to ferrio oxide, and sard its brown colour to 
hydrated ferric oxide ; sard passes over into 
oamelian when ignited. The apple-green oolour 
of chrysoprase is due to nickel silicate and the 
dark-green of plasma to an iron silicate. Helio- 
trope shows blood-red spots on a dark-green 
ground. Smoke-grey flint passes imperceptibly 
into more typical chalcedony. In agate 
difforently coloured layers are banded together 
m the same stone. The uses of chalcedony are 
tho same as those of agate [q.v.). On the 
artificial colouring of ohalcodony, v. Agate. 

L J 8 

CHALC0CITE V. C/OrPER-GLANOE. 
CHALCOPYRITE v. Cop per- pyrites. 

CHALCOTRICHITE. Native cuprous oxide 
[v. Cuprite). 

CHALK. A white or greyish, loosely co- 
herent kind of limestone rock, composed almost 
entirely of the calcareous remains of minute 
marine organisms (forammifera, coccoliths, &o.) 
and fragments of shells. The purest kinds con- 
tain up to 99 p c. of calcium carbonate in the 
form of tho mineral calcite. Silica is always 
present in small amounts as the mineral opal, 
representing the remains of other minute marine 
organisms (radiolana, &c. ) and sponge spicules ; 
and it is often segregated as the nodular masses 
of flint so commonly found embedded in chalk 
rock. Minute grams of quartz, felspar, zircon, 
rutile, and othor minerals are also often present. 
With the admixture of clayey material there 
may be an insensible gradation from pure chalk 
to chalk-marl [v. Marl). In phosphatic chalk, 
there is much calcium phosphate (up to 45 p.c.) ; 
in green glauconitic chalk there is an admixture 
of grains of glauconite (a hydrated iron potassium 
silicate) ; and in red chalk there is some iron 
hydroxide. Not only may there be pon- 
sidorablc variations in the composition of chalk, 
but there may also be wido variations in the 
colour (snow-white, grey, &c ), and texture of tho 
material. It may be soft, incoherent, and 
porous, or quite hard and crystalline (as the 
chalk of the Yorkshire coast). 

Tho following analyses of chalk are selected 
from those quoted by A. J. Jukes-Browne, The 
Grotaceous Rocks of Britain, Mem. Gcol. Survey, 
1903 (which see for details respecting the 
English chalk) ; I, Middle Chalk from Wye, 
Kent ; II, Chalk Rock from Boxmoor, Hertford- 
shire ; 111, soft white Upper Chalk from 
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The uses of chalk are numerous. For 
example, as a writing material in form of white 
and coloured crayons ; for the manufacture of 
quicklime, mortar, Portland cement, plaster, &c., 
and as a fertiliser. Whiting is prepared by 
grinding chalk and collecting the finer sediments 
from water ; this is used for polishing, making 
putty, and many other purposes. Under the 
name of ‘ Paris white,’ chalk ir used in the 
manufacture of india-rubber goods, oilcloth, 
wall-paper, &c. The harder kinds are exten- 
sively used as a building stone. 

Large quantities of chalk are quarried in the 
counties of Kent, Surrey, Sussex, Cambridge, 
Lincoln, and Hampshire ; Kent being by far the 
most important. The produetion of English 
chalk is not far short of live million tons per 
annum. A certain amount of this is exported 
to the United States, though there are extensive 
beds of chalk in Kansas, Arkansas, and Texas. 

L J S. 

CHALK, FRENCH. Steatite or soapstone. 

CHALKONES (xaAx<L, an ore, particularly 
copper), the name proposed by v. Kostanceki 
and Tambnr (Ber 1890, 32, 1923) for benzal- 
aeetophenonc and its derivatives, on account 
of the fact, that by suitable transformations 
they can be made to furnish reddish -yellow j 
dyestuffs 

In order to show the relationships of the 
various ehalkones with one another, the 
following scheme of notation is adopted • — * 

3' 2' 2 3 

1 ^ ^>4 

O' O' 0 f> 

Jirvzalm etophenove is obtained by the action 
of sodium hydroxide on an alcoholic solution of 
benzaldehyde and acetophenone at ordinary 
temperature. For this purpose 21 grams 
benzaldehyde and 24 grams acetophenone are 
dissolved in 200 grams alcohol and 20 grams of a 
10 p.c. solution of sodium hydroxide added. 
The mixture is then allowed to stand for 2-1 
hours, and the precipitate collected and re- 
erystallised from alcohol. Bcnzalacetophenone 
is a yellow crystalline solid which dissolves in 
concentrated sulphuric acid with an intense 
yellow colour. By heating 10 grams benzalde- 
hyde with 30 grams acetophenone (dissolved m 
100 grams alcohol) for a quarter of an hour at 
water bath temperature with 25 grams of a 
40 p.c. solution of sodium hydroxide, btnzaldi- 
acetophenone, U 0 H B , CH(Cli a , CO , C e H 6 ) 2 is ob- 
tained. This melts at 85° and crystallises in 
colourless prisms. Its solution m concentrated 
sulphuric acid is colourless, hut gradually shows 
a blue fluorescence, and on standing for one or 
two days becomes faint yellow in colour, 
showing a strong green fluorescence. Similarly 
by using a mixture of 21 grams benzaldehyde 
with 30 grams acetophenone in 200 grams 
alcohol and Warming with 50 grams of a 40 
p.c. solution of sodium hydroxide for 12-24 
hours at 40°-60°, dtbenzallr i ace to phevo ne is 
formed. It is a white crystalline solid, which 
melts at 198°. It dissolves slowly in con- 
centrated sulphuric acid, the solution after some 
time developing a rod colour and a cinnabar-red 
fluorescence, which slowly disappears. By 
oarrying out the preparation at boiling water- 


bath temperature, an isomerido melting at 
266° is obtained ( v. Kostanecki and Rossbach, 
Ber. 1896, 29, 1488). 

Of the various derivatives, the 2'-hydroxy- 
chalkones possess the greatest importance, on 
account of their relationship to tne naturally 
occurring dyestuffs of the flavone and flavanol 
groups ; e.g. chrysme, luteoline, apigenine 
fisetin, &e. ( q.v .). 

The 2'hydroxyclialkones are obtained by 
the condensation of o-hydroxyacetophenones 
with aromatic aldehydes in the presence of 
sodium hydroxide 

2 ' - llydroxyc halko n c 

HOC fl H 4 COCH:CHC 0 II 6 
crystallises in yellow needles, melts at 88°-89 t . 
dissolves in alkali hydroxides with an orange 
colour, and in concentrated sulphuric acid with 
a yellow colour (v. Kostanecki and Tambor, 
Her 1898, 31, 715). It is converted into flavono 
by the action of alkali hydroxides on tho di- 
bromo-addition product of its acetyl derivative 
(v. Kostanecki and Fcuorstoin, ibid. 1758). 


CO ’OH : CIi(UI 6 


a 


|()H BrjC H ’ C rt H 5 

' I : 

' CBrH 


CO' 


N 0O' 


|j(J’C 8 H 6 

OH 


Numerous hydroxyohulkones are described 
m the papers of v. Kostanecki and his pupils, 
foi which consult Ber. 1898, el neq. 

CHALMERSITE. A sulphide of copper and 
iron, OuFo 2 S 8 , first found as small orthorhombic 
crystals with pyrrhotite in the Morro Velho 
gold mine, Minas Gcraes, Brazil. Later it was 
found m considerable quantity in the EJlamar 
district, and on Knight Island in Prince of Wales 
Sound, Alaska, where it has been mined as an 
ore of copper Here the material is massive and 
intimately mtergrown with coppor-pyrites. It 
is pale yellow m colour with metallic lustre, 
and is strongly magnetic ; sp.gr. 4 ’68; hardness 
3£. L. J. S. 

CHALYBITE. Native iron carbonate, 
FeCO s , forming rhombohedral crystals iso* 
morphous with calcite (CaCO s ), and of im- 
portance as an ore of iron. It iB often known as 
siderito, but this name had earlier been applied 
to two other mineral species, and it is also used 
as a group name for meteoric irons. Sp.gr. 3 ‘9 ; 
hardness, 34. Small, brilliant crystals of varying 
habit are common in many mineral veins, for 
example, those of Cornwall. Veins of massive 
sparry material showing cleavage surfaces 
( Spathic iron-ore) are named in the Brendon 
Hills in Somersetshire, in Weardale, Co. Dur- 
ham, the Sicgen district in Westphalia, dep/ 
Isere in France, &c. The fresh, unaltered 
material is creamy white in colour (‘ white ore ’), 
but when slightly weathered it is brown (‘ brown 
ore ’). The Cleveland ore is a pisolitic form of 
chalybito occurring as bedB in the Lias strata ; 
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and the important clay-ironstone and black- 
bUnd iron-stone of the Coal-measures consist of 
compact chalybite, intermixed with clay and 
carbonaceous matter. A nodular form with an 
internal radiated structure is known as sphcerosi - 
derite. 

Analysis I is of pure se lected crystals from 
near Camborne, Cornwall (A. Hutchinson, Min. 
Mag. 1903, xiii, 209) ; II-IV of ores, by A. 
Dick, in Iron Ores of Great Britain, Mem. 
Geol. Survey, 1850-18(52; II yellowish-grey 
Rpathose ore from Weardalo ; III groonisk- 
grey earthy oolitic ore from Cleveland (also 
K,0 0’27 m the portion soluble in HC1) ; IV 
clay-iron- stone from Shelton colliery, Hanlev, 


Staffordshire. 

Fe() 

I 

01-08 

II 

4 9 ‘47 

III. 

39-92 

IV. 

40-35 

Fo a () 3 

— 

— 

3-00 

3 00 

Al a O, 


trace 

7-8(5 

0 30 

Mn() 

11 2 

2 42 

0-9G 

101 

CaO 

0 10 

3-47 

7‘44 

1-93 

MgO 

0 13 

3 15 

3 82 

2 24 

CO, 

38-19 

37 71 

22-85 

32-40 

T,<>, 

— 

trace 

1-80 

0 67 

SlOo 

— 

1 20 

7 12 

— 

SO 3 


trace 

trace 

trace 

FeS a 


0-08 

0 11 

0 15 

11 2 0 

— 

— 

2 97 

1-43 

Organic matter 

— 

tiace 

tiace 

2 95 

Insoluble 

— 

3 77 

l-(54 

7-29 

Total Fe 

100 02 

101 27 
38 50 

10041 

33-02 

100-38 

38-29 

CHAMOMILE 

FLOWERS. 

L. J. S. 
An the mis no- 


bihs An examination of the flowers of A nlhemis 
n obi Us (Linn ) by Tower and Browning (Chem 
Soe. Trans 1914, 105, 1833) has shown that 
these contain m addition to numerous other 
su 1 wtan cos unapigenm glucoside C. 2 ^d 2 o^io’21TG, 
faintly yellow microscopic crystals melting at 
I78°-180°. It dissolves in alkalis with a yellow 
colour and gives with aqueous ferric chloride a 
purplish-brow# colouration. Dried at 125°- 130° 


Ingredients 

(Jreen 

China cinnamon 

] 5 grams 

Mace . . . . 1 

15 „ 

Lemon balm, dried . . ; 

500 „ 

Hyssop (flower tops) . 

250 „ 

Peppermint (dried) . 

250 „ 

Thymo 

30 „ 

Balsime (Bal major) . 

125 ,. 

Genepi .... 

250 „ 

Arnica (flowers) . . 

10 „ 

Balsam poplar (buds) . i 

15 „ 

Angelica (seeds) . . 

125 „ 

Angelica (roots) 

02*5 „ 

Coriander 

— 

Cloves 

— 

Aloes (Socotrino) 

— 

Cardamom (small) 

Nutmegs . 

— 

Calamus . 

— 

Tonka beans 

— 

Alcohol at 85° . 

02-5 litres 

White sugar 

25-0 kilos. 


it loses one moleoule of water of crystallisation? 
but the second moleoule cannot be eliminated 
without decomposing the substance. This iB 
evident from the composition of the hexa - 
acetyl derivative Co 1 H 14 O jo (COCHj) 8 , odourless 
microscopic crystals, m.p. 144°-146°, the mole- 
culo of water in question being eliminated in the 
process of acetylation. 

By digestion with 5 p.e. aqueous sulphurio 
acid for three hours, this glucoside yields 
apigomn and doxtroso according to the equation : 
f '2iH a0 O, 0 ,ll»O — (.hn^io^sk^a^iaUft 

A. G. P. 

CHAMOMILE OIL v. Oils, Essential. 

CHAMOSITE, CHAMOISITE, v. Thuringite. 

CHAMOTTE. A mixture of lire clay and 
burnt pottery used for making fire bricks, 
crucibles, pipes, &e. 

CHARCOAL r Caution and Fuel. 

CHARICIC ACID CHAVICIN v. Pepper resin, 

art. Hesins. 

CHARTREUSE. A famous liqueur formerly 
prepared at the head-quarters of the Carthusian 
monks near Grenoble, but now, since the rotreat 
of the monks from Franco in 190(5, made at 
Tai i agona m Spam 

The recipe for the original liqueur or ‘ elixir 
vita? ’ as it was called, was given by the MarqueBH 
d’Estiees to the Caithusian monks of Paris in 
1(502, but, owing to the difficulty of procuring 
the necessary alpine plants, they presented it to 
their brethren of the Grande Chartrouso in 1735. 

The ehxn vital was valued as a stimulant for 
the less robust mom hors of the fraternity, 
weakened by ago or by the pnvations and hard- 
ships entailed by the'soveiity of their religious 
exercises, and was also dispensed to the feeble 
poor of the district. 

After numerous disasters by fire, pillage, and 
confiscation of their property through religious 
and political persecutions, culminating in the 
loss of everything during the French Revolu- 
tion, the monastery of La Grande Chartreuse 
\ was restored in 1 81 (5, although in a very im- 


povenslied condition. 

Yellow 

White 

15 grams 

1 25 grams 

15 „ 

30 „ 

250 „ 

250 „ 

125 ,, 

135 


125 „ 

! 15 „ 

__ 

| 125 „ 

125 „ 

1 30 „ 

30 „ 

j 1500 „ 

— 

15 „ 

30 „ 

30 „ 

* — 

50 „ 

30 „ 



15 „ 



300 ., 


15 „ 

’ 42-5 litres 

62*5 litres 

25 0 kilos. 

37-5 kilos. 
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, The secret of the manufacture of the ‘ elixir 
had, however, been careiuWy preserved, an A thin 
was made the basis of other varieties of liqueur, 
by the sale of which the monks hoped to im- 
prove their finances. The result was the 
production of green, yellow, and white 1 char- 
treuse,’ the virtues of which were advertised far 
and wide by the military officers who had been 
quartered in the monastery about the middle of 
last century. Extensive and modem plant was 
installed at Fourvoisie in 1803, and, in course 
of time, the sale of chartreuse increased the 
revenue of the monastery to a point it had never 
reached before. 

After the passing of the French Religious 
Associations Act, in 1900, the monks of the 
Grande Chartreuse migrated across the border 
to Tarragona in Spain, carrying their secret 
formulae with them. 

More than 200 ingredients are Haul to be used 
in the manufacture of genuine chartreuse, and 
its spirit basis is rectified grape spirit distilled 
from sound wine The usual alcoholic strength 
of the three varieties of chartreuse is : green, 
55° of alcohol, or 90 p.c of proof Bpint ; yellow, 
42*5° alcohol, or 74-5 p.c. proof spirit; and 
white, 30° alcohol, or 52*5 p c of proof spirit. 

There are innumerable imitations of char- 
treuse, mostly prepared from plain spirit 
flavoured with essential oils and coloured by 
means of the various ingredients described under 
Cordials and Liqueurs. The formula? given 
in the table on p. 151 are amongst the best of 
those suggested for the preparation of imitation 
chartreuse. 

Digest in the alcohol for 24 hours, distil until 
nearly all the spirit is over, and dilute to 100 
litres. Colour green or yellow as described under 
Cordials and Liqueurs, add the sugar, allow to 
rest till clear, and filter (see Cordials and 
Liqueurs). .1. C. 

CHAULMOOGRA OIL GROUP. This group 
is remarkable on account of the considerable 
optical activity which these oils exhibit, owing to 
the presence of tho strongly activo chaulmoo- 

f rie and hydnoearpic acids (discovered by 
’ower and his collaborators, Chem. Soc. Trans. 
1910, 97, 1285). Hitherto, three oils belonging 
to this class havo boon described, viz. Chaul- 
moogra oil , obtained from the seeds of Tara- 
ktogenos Kurzii (King) ; Hydnocarpus oil, 
obtained from the seeds of Hydnocarpus Wightu 
ana (Blume) ; and Lukrdbo oil, the fat obtained 
from Hydnocarpus anthelminticus (Pierre). The 
saponification values of those oils lie between 
204 and 213, and their iodine values between 90 
and 80 4. The seeds of Taraktogenos contain a 
cyanogenetic glucoside. Chaulmoogra is chiefly 
used in the treatment of leprosy and various skin 
diseases in Indo-China, Siam, and to some 
extent also in Europe. A few years ago 
chaulmoogra oil was imported to the Continent 
as ‘ Cardamom oil ’ and used in margarine with 
dDastrous’results. Ilydnocarpus oil, also known 
as kavalel oil, *ss occasionally sold as genuine 
chaulmoogra oil, but is inferior in its medicinal 
properties and contains a larger proportion of 
free fatty acids. The genuine oil from 1\ 
Kurzii is now offioial in tho British Pharma- 
copoeia, whioh desoribes it as a brownish-yellow 
sort fat, with a distinctive odour and acrid taste ; 
sp.gr. 0’940 at 45° ; m.p. 22°-30° ; iodine value, 


96-104 ; acid value, 21-27 ; and saponification 
value, It is paxtvaWy wftnkfo vn wild 

and almost completely soluble in hot 90 p.c. 
alcohol. It is largely composed of the glycerides 
of acids of the chaulmoogric series, having the 
general formula C„H 2 _„ 4 0 2 , and contains 
palmitin (Power, Amer. J. Pharm. 1915, 87, 
493). Gynocardia oil, sometimes confused with 
chaulmoogra oil, is optically inactive. For 
an account of the origin of the confusion in the 
nomenclature of the acids derived from chaul- 
moogra oil and the oils which havo been con- 
sidered as identical with it, see Pyman, Reports 
of Progress of Applied Chemistry, 1916, 1, 292. 

J. L. 

CHAULMOOGRIC ACID C, k H 82 0j. An un- 
saturated acid found by Power and Gomall 
among the fatty acids contained in chaulmoogra 
oil from Taraktogenos Kurzii (King). Optically 
active [uJp+5C>° ; m.p. 68° ; b.p. 247°-248° 
(corr.)/20 mm. Easily soluble in chloroform 
and ether. Forms readily crystallisable salts 
with metallic bases, and esters with diphatic 
radicals (Chem. 8oc. Trans. 1904, 838 and 851). 

CHAY ROOT. ( 'hay root or Chay-avor (from 
chaya — which fixes colours, and w=root) ; also 
calied Indian madder, is the root of Olde.nlandvi 
nmheMata (Linn ), Rubiacea?. It bears the 
following Indian vernacular names : turbuli 
(Bengali)-, cheri-vello (Telugn) ; che' or chay, 
sayawer, imburel (Tamil). The plant is a small 
bush or herb found on sandy soils, chiefly near 
the sea-coast. It occurs in North Burma and 
Ceylon, but is most abundant in certain tracts 
of the Madras Presidency, from Orissa south- 
ward. It does not appear to be used m Bengal, 
but on the Malabar and Coromandel coasts, 
especially the latter, it is or was extensively 
cultivated, and employed in dyeing a colour 
analogous to Turkey-red. The chief market is 
Madras, whore it was sold in small bundles at 
about 4 d. a lb. The roots are usually about 
10-12 ins. long and \ in. thick, somewhat 
straight and stiff, tough and wiry, and with 
few or no lateral fibres. When freshly gathered, 
they have an orange colour ; but when dried and 
kept, they assume a yellowish-grey hue. Boiling 
water gives merely a pale-yellow extract, but u 
alkali is added, a blood-rod decoction is soon 
obtained. The colouring principles seem to reside 
chiefly, if not entirely, in tho bark of the root. 

The older literature connected with chay 
root is extremely meagre, and is for the most 
part contained in the following publications : 
Philosophy of Permanent Colours, 2282, 1813, 
Bancroft ; Bulletin de la Societe industrielle 
de Mulhouso, 5302, 1832, E. Schwartz and D. 
Koochlin ; L’Art de la Teinture des Laines, 
475, 1849, Gonfreville. Quantities of the root 
were imported into Europe in 1774 and at later 
periods, and its dyeing properties were examined 
by the above-mentioned experts. It met with 
little practical application, however, as it was 
not found to possess any advantage over 
madder ; indeed, it was considered to have but 
one-half or even a fourth of the colouring power 
of madder ; further, it was found to contain 
certain undefined yellow substances of an acid 
character, which interfered somewhat with its 
dyeing power. Still, it was recognised as a good 
dyestuff, giving the usual madder oolours, and 
equally fast to soap. It is evident that the 
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yellow aubstanoes referred to are not the same 
as those described in this article, as Schwartz 
states that they were present in larger quantity 
in ‘ nona ’ (Morinda citrifolia) than m ohav root, 
whereas the yellow substances described later 
exist in much larger quantity in chay root than 
in morinda root. Very probably they refer to 
Rochleder’s ‘ rubichlonc acid,’ as this iB con- 
tained in morinda root in larger amount than 
in chay root. Schiitzenberger, in his Traite des 
Matures colorantea, 2, 291, 1867, states that he 
found chay root to contain alizarin and chloro- 
genin (rubichlonc acid) and that it was easy to 
oxhaust the root by extraction with alcohol. 

In many rospects chay root resembles 
maddor, as both contain ruberythnc acid, 
alizarin, rubichlorio acid, and cane sugar, but 
there are very marked differences in the naturo 
of tho other constituents of the two roots. 
Madder, as is well known, contains purpurin, 
purpurin- and purpuroxanthm-carboxylie acids, 
<fcc., and but traces of yellow crystalline sub- 
stancos, forming barium compounds soluble in 
water, which have not been fully investigated. 
In chay root toe former substances are entirely 
absent, but, on the other hand, although the 
root contains considerable quantities of yellow 
crystal line substances, they are quite distinct 
from those contained in madder. 

The phenolic constituents of this root have 
boon studied by means of the sulphurous acid ex- 
traction method described m detail in connection 
with M a. mi kr, and also by a subsequent exhaus- 
tion of the residual root with boiling lime-water 
in this manner, ehlororubme, alizarin, and a 
mixture .of non-tmctonal yellow substances were 
isolated. These latter are present m chay root 
tprobably as glucoside) in comparatively large 
amount (1 p.c.), and have been shown to consist 
principally, if not entirely, of the following 
substances. 

Alizarin a-methylether crystallises from dilute 
methyl alcohol m long orange-yellow needlPs, 
melting at 178°-179°. It has the constitution - 
OHH, 


alizarin iB only converted with considerable 
difficulty into alizarin dimethylether, by the 
action of methyl sulphate, alizarin a-methylether 
readily yields this substance when treated with 
this reagent in the usual manner. 

Acelylalizarin a-methylether crystallises in 
yellow needles, melting at 212°. 

Anthragallol dimethylether (A) forms yellow 
needles, and dissolves in alkaline solutions with 
a red colouration, it is distinguished from the 
isomeric compound described below, in that it 
yields an ammonium salt, crystallising in scarlet 


prisms, which is sparingly soluble in cold alcohol. 
Heated with sulphuric acid to 180°, or with hydro- 
chloric acid, it is converted into anthragallol, and 
when methylated by means of methyl sulphate, 
is readily converted into anthragallol trimethyl- 
ether. By the action of 10 p.c. potassium hy- 
droxide in a soaled tube at 180° for 5 hours, 
it is partially converted into methoxyalizarin : 

|()H 


fY’ Tr 


and a similar reaction occurs when sulphuric 
acid at 100° is employed. The constitution 
assigned to this anthragallol dimethylether (A), 
is therefore as follows : — 

(!0 0CII » 

V v 


0: 


CO 


jOH 

!oCH 3 


f()H 


CO x 


This compound may be synthesised by the 
action of an ethereal solution of diazomothanc 
on a nitrobenzene solution of monoacotylalizarin 
(Oosch and Perkin, Chem. Soo. Proc. 1914, 30), 
subsequently removing the acetyl group. Owing 
to the fact that the so-called monoacetylalizarin 
is a mixture of the two monoacotylalizarins, both 
a- and ^-alizarin mothylethers are thus simul- 
taneously produced. Addition of alcoholic potash 
to a solution of the product in alcohol causes the 
precipitation of the /3-methylether as potassium 
salt, the a-methylether thus remaining in solution. 

The methoxyl group present m this substance 
is much more readily hydrolysed than is usually 
the case, for prolonged digestion with boiling 
baryta water is sufficient for this purpose, a 
precipitate consisting of barium alizarate thus 
separating. This property, therefore, accounts 
for the difficulty in obtaining either this com- 
pound or alizarin dimethylether by means of 
methyl iodide, for in this prooess of methylation 
a prolonged digestion in the presence of free 
alkali is necessary. On the other hand, whereas 


Anthragallol dimethylether (B) crystallises in 
yellow leaflets, melting at 230°-232°, and gives 
a red ammonium salt which is soluble in cold 
alcohol Heated with JO p.c. potassium hy- 
droxide solution to 180° for 5 hours, it iH partially 
converted into a compound having the reactions 
of met hoxypurpuroxantlun 

OH 

\)CH, 


/JO, 


\JO 


k)H 


and most probably possesses tho following 
constitution : — 

YY'HjO 

. \ooA> H • 

By methylation with methyl Hulphato in the 
usual manner, this compound is readily con- 
verted into anthragallol trimethylether. 

A cetylan thragaUol dimethylether (B) consists of 
long yellow needles, melting at 176°- 178°. 

Hystazarinc monomelhylether obtained as 
Jong orange-yellow needles, molting at 232°, 
when heated with hydrochloric acid at 180°, is 
Converted into hystazanne. Alkaline solutions 
dissolve it with a crimson colouration, and its 
ammonium and potassium salts, which crystallise 
m garnet-red needles, are insoluble in sold iso- 
butylic alcohol. The constitution of 
rine monomethylethcr is as follows : — 

/yW’yw 

'nA,xA> H 
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By means of methyl sulphate, it yields 
hystazarine dimethylether, which consists of 
yellow glistening needles, melting at 235°-23f>°. 

Meta hydro xyan t hr wqu i none , , pale - yellow 

needles, melting at 302°, is identical with the 
well-known artificial compound prepared from 
anthraquinone-^-inonosulphonic acid by diges- 
tion with alkali. 

Dyeing Properties. — Although chay root 
contains acid principles which tend to dissolve 
the mordants, its employment as a dyestull 
presents no difficulty The only precautions 
necessary to be observed are to add 2 p.c. of 
chalk to the dye-bath, and to raise the tempera- 
ture gradually to the boiling-point 

Dyeing experiments on ordinary stripe- 
printed calico, containing alummia and lion 
mordants, have shown that the dyeing power of 
chay root is equivalent to the presence of a 
percentage of 0 33 0 35 alizarin. Compared 
with ground madder root of good quality, it 
seems to have about half its dyeing power when 
the comparison is made bofoie soaping, but after 
soaping it appears to bo quite equal to madder 
The reds, junks, and chocolates have a distinctly 
bluer shade than those given by madder, and 
the lilacs are much fuller and brighter and very 
similar to those obtained from ali/.arm. This 
last feature alone ought to have secured a ready 
markot for chay root among the Euiopcan 
dyers, previous to the introduction of artificial 
alizarin, and it is somewhat strange that its 
marked suitability for lilacs should have escaped , 
the observation of those who formerly made 
dyeing exjienments with this root 

Oil oil - prepared calico, mordanted with 
alumina, chay root gives an excellent blue shade 
of Turkey-red, withstanding the operation of 
clearing with soap and stannous chloride hotter 
evon than a madder-dyed red, and quite equal to 
one obtained by means of artificial alizarin 
Good brown, red, orange, and purjile colours 
are readily obtained on wool, and also on 
silk, suitably mordanted with chromium, 
aluminium, tin, and iron, according to the 
ordinary method usual with dyers. On wool, 
the colours not being submitted to any soaping 
operation, chay root ajijiears to possess about 
half the dyoing power of madder. 

Boiled with dilute Hulphunc acid, chay root- 
yields a ‘ garaneino ’ of a very dark-green colour 
and possessing about three times the dyeing 
power pf the original root. 

Literature. — A. G. Perkin afcd J. J. Hummel, 
Okem. Soc. Trans. 1893, 63, 1160; ibid. 1895, 
817 ; A. G. Perkin, ibid. 1907, 91, 2066 ; J. J. 
Hummel and A. G. Perkin, J. Noe. Chem. Ind. 
1894, 13, 346 A. G. P. 

CHEDDITE. An explosive consisting of a 
mixture of ammonium perchlorate, dimtroto- 
luone and castor oil (?>. Explosives). 

CHEESE. A solid projmrat-ion of the chief 
constituents of milk, which, by the action of, 
certain enzymes, are made digestible and 
palatable. 

The action of enzymes is to a largo extent 
influenced by the reaction or hydrogen ion 
concentration of the curd, which in turn is j 
brought about by the extent to which the lactic 
organisms are controlled or encouragod in the 
process of manufacture. j 

Cheeses may be made from the milk of ; 


various animals, but they are usually prepared 
from cows’ milk, which is either used in its 
natural condition, or may be first divided into 
cream and separated milk, from both of which 
products cheeses are also made. 

In the case of cream and cottage cheeses, 
the lactic acid produced by the lactic ferments 
may be used for coagulating purposes ; but in 
the majority ot cheeses, rennet is used to pre- 
cipitate the casein. The cascinogen of the milk 
is converted into casein by the rennet ferment, 
j and this, in the presence of the lime salts of the 
milk, is followed by the separatum of insoluble 
calcium caseinate or curd, which carries with it 
nearly all the fat, some of the other constituents 
of the milk, and the enzymes of the rennet and 
milk. This curd differs from that produced by 
acids, which throw out cascinogen from the com- 
binations with lime in which it occurs in milk. 

Tho condition of the rennet curd, used for 
mnking different cheeses, is controlled by the 
acidity of the milk and by the temperature of 
rennet-mg If milk is curdled with rennet 
without the jirevious development of acidity, 
a soft curd results ; this curd will not shrink so 
much as a curd pioduced from an acid milk. 
Too much acidity, on the other hand, results in 
a hard curd, which will shrink to a much greater 
extent, giving a hard ‘ acid ’ curd. 

Temperature also exerts an important in- 
fluence m cheese making ; the action of the 
rennet is hastened up to about 100°E., and 
ceases at about 130°F Tho temperature em- 
ployed, the degree of acidity, and the quantity 
of rennet used, will vary with different cheeses 
and also with the nature of the milk, the ash 
constituents probably exerting a considerable 
influence. The acidity is often controlled by 
the addition of ‘staiters,’ i e. pure cultures of 
suitable lactic ferments or of mixed cultures in 
milk or whey, to the milk. The average tem- 
perature used is about 84°E. , at which tho 
coagulation takes some 40 to 60 minutes. In 
some cheeses, r g Leicester, Dutch cheeses, &c., 
annatto is added as colouring matter at least 
10 minutes before the rennet. Salt is also 
added m the ease of hard pressed cheeso, when 
the curd has been ground prior to being put in 
the mould for pressing into shape ; in the case 
of soft cheese, about tho time it is fit to tako 
out of tho mould. 

With hard-pressed cheeses such as Cheddar, 
Cheshire, Derby, Leicester, Gloucester, Emen- 
tlialer, Gray ere, and Edam, the curd is cut up 
by means of curd knives, it is then stirred 
and heated to acquire the correct stage of 
dryness, consistency, and acidity, after which 
tho whey is drawn off and the curd allowed to 
remain till a certain degree of acidity has 
developed. This is determined by means of a 
hot iron against winch the curd is pressed, the 
length of the threads which are drawn out on 
pulling away tho curd being taken as an index 
of the acidity produced ; the percentage of 
acidity at the various stages of manufacture 
may accurately bo determined by means of the 
aoidimeter. The curd is then ground in a mill, 
and afterwards pressed in a mould into a shape 
which vanes with the different cheeses. After 
being pressed for 2 or 3 days, the cheese is 
ripened in a curing room, the humidity and 
temperature of whioh should be under oontrol ; 
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a temperature of about 55° to 65°F. being most 
generally desirable. 

To another group of cheeses, in which the 
process of manufacture varies considerably from 
the above, belong the moulded cheeses, in the 
making of which tho pressing process is omitted, 
or in the case of Wenslcydale greatly reduced ; 
the resulting cheese being softer and admitting of 
the growth of bluo veins of mould (Penicilhum 
glaucmi)i n the cracks left between the pieces 
of curd which extend throughout the choeso. 
To this group belong Stilton, Roquefort, Gor- 
gonzola, Wensleydale, &o. 

In the case of the small ‘ soft ’ cheeses of tho 
Camembert type, considerable variations are 
made in the process of manufacture, the result- 
ing cheese being quickly ripened by moulds, or 
rather by the enzymes produced by moulds, 
which grow on the outside of tho cheeses. 
Pemctllium candidum and Oidutm Lacks play 
an important part in the iipemng of Camembert 

Indole is present in Limburger and (Jamem- 
bort cheesis and in llandkase. Limbuigoi 
cheese also contains phenol. Cheddar, Swiss, 

1 Gammalost,’ Wick, and Roquefort cheeses do 
not contain indole or phenol Scatole is absent 
m all cases. The amount of indole in hamburger 
cheese increases during tin* ripening process 
until it reaches as much as 1 part in 52, SOU parts 
of cheese (.Nelson, J. Biol Chem. 1910, 24, 5311) 
All chooses contain p-hydroxyphenylethylamino, 
which is produced by the action of micro- 
organisms on tyrosine ; the amine is a normal 
constituent of cheese, and is produced before 
actual decomposition of the lattor takes place 
The organisms which product* the substance 
are probably identical with the Baccasei-a- 
Frciidcnrnch (Ehrlich and Lange, Biochem. 
Zeitsch. 1914, 03, 150). 

Tryptophane has also been found in ripe 
Stilton cheese. 

Tho chemical analysis of cheese includes the 
determinations of the water, fat, total nitrogen, 
ash, and salt. The products of ripening aro also 
sometimes determined, and the fat may be 
examined for adulteration with animal fats. 

To determine tho water, ash, and salt, 2 or 
3 grams of well- sampled cheese, cut into small 
pieces, are weighed into a flat-bottomed dish 
and placed on tho water- bath at 1()0°G., the dish 
belhg inclined so that the fat runs off the drying 
curd. Weighings are made every hour, and the 
water is found to have all been driven off in 
about 5 or 0 hours. 

The molted fat is then poured off and the 
residue well macerated in hot amyl alcohol ; tho 
residue may then be burnt and the ash weighed, 
the salt being afterwards dissolved out with 
water and the solution titrated with N/10 silver 
nitrate. 

The water may be determined more rapidly 
by heating from 8 to 12 grams of the cheese 
with petroleum in a distilling flask connected 
with a condenser. In from 30 to 45 minutes tho 
whole of the water will havo been expelled and 
may be measured in a graduated tube (Analyst, 
1913, 146). 

According to Evans, Hastings, and Hart 
(J. Agrio. Research, 1914, 2, 167), tho organisms 
present in Cheddar cheese in suoh numbers as 
to indicate that they must have some function 
in the ripening process, are included in the four 


| groups : B, lactia acidi , B. casei, Streptococcus, 
and Micrococcus ; eaoh of these groups may be 
divided into a number of varieties according to 
their fermentative powers. The B. casei group 
is apparently responsible for the pungent taste 
which develops late in the riponing period. 
The action of two or more organisms growing 
together is not the sum of their individual 
actions when growing alone. When growing 
together, they may attack substances that 
noither can attack alone, or they may produce 
a larger quantity of acid than the sum of the 
quantities that either can produce alone/ The 
volatile acids formed m cheese result from 
the action of Streptococci and Micrococci on the 
citric acid, lactose, or protein present. One of 
the varieties of Streptococcus b. forms com- 
paratively large quantities of alcohols and 
esters which contribute to the flavour of the 
cheese. Tho B. casei group of organisms form 
propionic acid, acetic acid, and lactic acid. 
Certain members ot the B. casei group form Z- 
lactic acid, and others form tf -lactic acid ; a 
mixture of these organisms produces racemic 
lactic acid. The racemic lactic acid found in 
cheese during the curing process may also be 
produced to a small extent by enzymic acid, but 
it is more probably due to the combined action 
of B lacks arnh and the organisms of tho B. 
casei group (J. See Clieni Ind. 1915, 34, 97). 

To obtain a typical Cheddar cheese from 
pasteurised milk, the pasteurising temperature 
should not exceed 88° (190°F.) when the milk 
is heated rapidly, or 77° (J70°F.) when tho 
time of heating is from 15 to 30 minutes. Heating 
to at least 77° (170°) is needed to reduce the 
number of organisms ; at 93° (2()0°F.) practically 
all the organisms arc destroyed. Cheeses pre- 
pared from ‘ heated ’ milk contained : wator, 
33 -61-30 *22 ; fat, 32*30 -34 '53 ; insoluble nitro- 
gen (probably unaltered casein), 2*49-2*91 p.c. 
(Benson, ,1. Board Agnc 1915, 21, 878). 

Ether may he used to extract the fat, and the 
dried curd and fat afterwards weighed ; but a 
better method is to take a fresh portion of 
3 or 4 grams of tho choose and grind with twice 
its weight of anhydrous copper sulphato in a 
small mortar, afterwards extracting with ether 
in a Soxhlet extractor. 

Moddi cations of the Werner- Schmid or 
Gottlieb-Roso mothods also give good results. 

Tho total nitrogen is determined by the 
Kjeldahl method in about 1 gram of oheese. 

According tfo Richmond, tho products of 
riponing may bo determined in the following 
manner : 10 grams of the cheese are placed in 
a small mortar and ground up with 25 c.c. of 
boiling water ; tho liquid is then decanted 
through a filter into a 250 c.c. flask, the process 
being repeated with nine further similar measures 
of boiling distilled water. The total filtrates 
are then cooled, made up to the 250 c.c. mark, 
and well mixed. The products of ripening are 
determined by the evaporation in a dish of an 
aliquot part (50 c.c.) ; this, after drying till 
constant at 100°C., is burnt, the weight of the 
dish and ash being subtracted from the weight 
of the dish and dry residue. The difference 
between 100 and tho sum of the water, fat, ash, 
and products of ripening, may be taken as 
unaltered oasein. 

The primary products of ripening may be 
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determined in another 50 o.o. of the filtrate by 
the Ritthausen method as follows : 5 o.o. of 
copper sulphate solution are added and . the 
solution neutralised with caustic Boda solution ; 
the procipitate which forms is collected in a 
weighed Gooch crucible ; it is then washed well 
and dried in a water-oven, the fat is then ex- 
tracted with ether, and the residue dried till 
constant. The crucible and its contents are 
then ignited and weighed, the difference giving 
the weight of the primary products of ripening, 
i.e. soluhlo proteins, &c. 


To examine the fat, about 60 grams are dried 
till the fat runs out : the remaining fat is then 
extracted from the residue with ether, the ether 
evaporated and the fat examined, as in the case 
of butter fat. The soluble and insoluble acids 
and the Reichert-Wollny figure being generally 
determined, the addition of animal fats can be 
thus deteoted. The removal of fat from milk 
used in making cheese can be assumed if the fat 
is less than 4 5 p.c. of the dried cheeso or less 
than six times the total nitrogen. 


Composition of Cheese (Belt.). 


" 

Description 

Water 

100 parts contain 

Casein F| .,. p 
Fat ultra* •£.“ ! 

Ash 

Propor- 
tion of fat. 
in 100 
parts of 
dry cheese 

Propor- 
tion of fat 
ill 100 
parts of 
casein 
and fat 

Salt 

per 

cent. 

in 

cheese 

Percentage com- 
position of fat 

Soluble Insoluble 
ucids adds 

Stilton 

23-57 

39 13 

32-55 

1 -24 

3-51 

51 19 

52 50 

0-67 

4-42 

88-96 

American (rod) 

28-63 

38-24 

29 64 

- 

4 49 

53 57 

52-12 

0-72 

4 26 

89-66 

American (pale) . 

31-55 , 

35 93 

28-83 

0-27 

3-42 

52-49 

53-34 

0 82 

4-81 

88-49 

Roquefort . 

32-26 

34-38 

27-16 

1-32 

4-88 

50-75 

54 24 

3 04 

4-91 

88-70 

Gorgonzola . 

31-85 

34 34 

27 88 

1-35 

4-58 

20-39 

53-08 

2-11 

4-40 

89-18 

Cheddar (medium) 

35-60 1 

31-57 

28 16 , 0-45 

4-22 

49 02 

50-49 

1-43 | 

4-55 

88-75 

Gruy^re 

33-66 | 

30-69 

30-67 , 0-27 

4-71 

46-26 

i 47-07 

0-81 

4 41 

88-97 

Chcshiro 

37 1 1 

30 68 

26-93 

0 86 

4 42 

48-78 

50-84 

1-69 

5 55 

87-76 

Single Gloster 

35-75 

28-35 

3110 

0-31 

4-49 

44-12 

45-24 

1-28 

6-68 

86-89 

Dutch . 

41-30 

22-78 

28-25 

0-57 

710 

38-80 

42-41 

4-45 

5-84 

87-58 


The ripening process in cheese, whereby it 
usually acquires a more agreeable flavour, is 
essentially a fermentation of slow character, 
which is brought about by micro-organisms 
which are generally present in the milk or in the 
air of the dairy. They can only bo controlled, 
to a limited extent, by the process of making, 
tomperature, &c. It is not possible to destroy 
undesirable organisms by sterilisation, for heated 
milk will not make typical cheese as far as is 
at presont known, though heating to 150°F. 
is now practised for soft cheeses. Cleanliness, 
from the moment the milk leaves the cow, is of 
the utmost importance. 

The organisms which cause most trouble to 
the cheeso maker are those which produce gas, 
which, when it develops in the curd, produces 
what is known as heaving or blown cheeses. 
These organisms, to which Bacillus coli com- 
munis belongs, often come from manure. Their 
absence can do demonstrated by what is known 
as a fermentation test, which consists m placing 
about 10 c.c. of the milk in a sterile test-tube 
and keeping it at blood heat for about 18 hours, 
after which time no signs of bubbles of gas 
should be seen in the tube. 

Bitterness in cheese is sometimes caused by 
bacteria, as is the case when the milk is infected 
with Micrococcus casei amart or Tyrothnr yeni- 
culalus. An interesting example of a bitter 
cheese organism is that of Torula amara, which, 
after causing much trouble and loss in Canada, 
was eventually traced to the leaves of the sugar 
maple, from which souroe it infected the clean 
chiurns which were stood undor the trees after 
be ng cleaned. 

Discolouration of Stilton cheeso may le 


producod by two groups of bacteria acting upon 
casein ogon and certain amino acids. 

Black spots in cheese may be caused by 
moulds or by particles of iron which get into the 
milk and are afterwards changed to sulphide by 
the sulphuretted hydrogen produced in ripening. 
Other organisms which produce colours (moulds, 
&c.), may get into the milk or may be derived 
from the air or utensils of the dairy at later 
stages of the manufacture. 

The cheese maggot is tho larva of the fly 
Piophila casei. There are four speoies of cheese 
mites : (1) Carpoglyphus anonymus (the Ched- 
dar mite) ; (2) Tyroglyphus siro ; (3) Tyro - 

g typhus longior ; (4) Meurobius farince (2, 3, 
and 4 are Stilton and Cheddar mites) (N. B. 
Eales, H>17). 

It must be remembered that micro-organisms 
and the enzymes they produce play a most im- 
portant part in ripening ; how far this process 
is also dependent on the proteolytic enzymes of 
the rennet and to the natural enzymes of the 
milk is not yet fully ascertained. As above 
mentioned, pure cultures of lactic acid organisms 
are sometimes added to milk to be used for 
hard-cheese making, and Camembert is often 
infected with the appropriate mould. Gorgon- 
zola is also sometimes infected with mould to 
make the desired blue veins. As a general 
rule, however, tho dairy and district where a 
particular kind of cheese is made contain the 
organisms which are necessary for the success- 
ful manufacture of the cheese in question. 

The natural rind on Gorgonzola cheese 
amounts to from 2 to 4 p.c. of the weight, but 
in artificially coated cheese it may amount to 
from 16 to 27 p.c. of the whole weight. This 
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artificial coating consists of a mixture of barytes j Btitute for butter has led manufacturers, 
and tallow coloured on the outer side with ; especially in Amerioa, to introduce foreign fats 
oxide of iron. The importation of coated | of animal or vegetable origin in the production 
cheese into France is prohibited (Hinks, Analyst, of cheese as a means of utilising skim-milk ; the 
1011, 36, 01). cream which has been abstracted being re 

Oleomargarine and Lard Cheese. The sue- placed by lard, oleomargarino, and by cotton- 
oess attending the sale of margarine as a sub- j seed oil. 

Analyses of Oleomargarine and Laud Cheeses (Bell). 


Oleomargarine 

Lard 


100 parts of cheese contain 100 parts of fat contain 


Water 

Fat 

Casein and 
free acids 

Ash 

rei cent. 

of salt 

Insoluble 
fatty adds 

Soluble 
fatty acids 

point of 
fat 

30-95 

28-80 

36-27 

3-98 

114 

92-43 

2-16 

77°F. 

31-30 

24-66 

1 

38-87 

5-17 

1-55 

92-88 

1 -65 

92°F. 


In flavour and character those samples 
closely resembled milk-fat cheese. Comparison 
of the results of the analysis of the two samples 
with those yielded by genuine cheeses in the 
former table c inclusively proves the admixture 
with foreign fat. The low percentage of soluble 
acids indicates that more than one-half of the 
fat has not been derived from milk. J. G. 

CHEIRININE. Sec under Cheikoline. 

CHEIROLINE CjHbOjNSj, colourless prisms, 
m.p. 47°-48°, optically inactive, occurs in 
wallflower seeds ( Cheiranthus Chem [Linn.]), 
1 6-1-7 p.c., and in Erysimum species. It 
has the constitution CHj'SCVCHj'OIijpCH^NCS 
and has been synthesised (Schneider, Annalcn, 
1910, 370, 207). It is present as a sinigrin-like 
glucoside, which is hydrolysed by 'myrosm from 
wluto mustard scods. Wallflower seeds contain 
an enzymo capable of liberating mustard oil 
from (niyrosin-free) black mustard seeds (Schnei- 
der and Lohmann, Ber. 1912, 40, 2904). Cheiro- 
lme lias no basic properties, and is said to be 
antipyretic (Wagner, Chem. Zoit. 1908, 32, 70). 
From wallflower leaves or seeds Reel) has 
obtained cheirinine G 1 KH n6 0 17 N 8 , which re- 
semblos quinine in physiological action (Arch, 
expt. Path. Pharm. 1898, 41, 302 ; 1899, 43, 
130) and a glucoside cheiranlhm. G. B. 

CHELERYTHRINE C ai H I7 0 4 N occurs in 
various Papaveraceous plants, e.g. Chclidonium 
majus (Linn.), Qlaucium flavum (Crantz.), 
Sanguinaria canadensis (Linn.) (Probst, Annalcn, 
1839, 29, 120, 250), Bocconia spp. Forms colour- 
less rhombohedra with ^H a O or 1C 8 H 6 ()H, m.p. 
203°, [a] D =0°. Salts intensely yellow and well 
crystallised. The free base is colourless. It 
contains a carbonyl group, and if this is altered 
the basic properties are lost. Perhaps it forms 
oxonium salts (Karrer, Ber. 1917, 50, 212). 
Contains two methoxyl groups, and may be a 
methyl ether of sanguinarine {q.v.). Narcotic 
(Konig and Tietz, Arch. Pharm. 1893, 231, 145, 
161 jMurrill and Schlotterbeck, Ber. 1900, 33, 
2802; Fischer, Arch. Pharm. 1901, 239, 409, 
426, 438). 

GHELEDONINE C ao H 1# 0 6 N,H a O occurs with 
protopine, chelerythnne, sanguinarine, and 
a-, j8-, and y-homochelidonines in the root of the 
oommon oelandine (Chelidonium majus [Linn.]), 
and with one or more of the same alkaloids in 
Stylophorum diphyllum (Nutt.) (Selle, Arch. 
Pharm. 1800, 228, 06), Adiumia cirrhosa (Rafin.) 


{sec under Adlumine), and possibly in Bangui- 
naria canadensis (Linn.) (Konig and Tietz, Arch. 
Pharm. 1893, 231, 145, 161). It crystallises in 
monoclinic tablets, m.p. 135°-136°, [a] JJ -[- 1 16° 
24'. Yields a benzoyl derivative, m.p. 217°, and 
when heated with zinc-dust furnishes ammonia 
and a substance with a phenanthrone-like odour 
(Schlotterbeck and Watkins, Pharm. Arch. 1903, 
6, 141). Salts crystallise well (Wintgen, ibid. 
1901, 239, 438). It is slightly toxic, resembling 
morphine m its action. 

CHEMICAL AFFINITY. There has been 
much fruitless speculation about chemical 
affinity, about the nature of the force which 
impels two different substances to react with 
one another. During the last half-century, 
however, the efforts of physical chemists have 
been devoted rather to the practical investiga- 
tion of the way m which chemical affinity mani- 
fests itself, and of the extent to which the 
operation of this force is modified by altering 
the external conditions. Quantitative methods 
havo been devised for studying the influence of 
concentration, of temperature and pressure, and 
of foreign substances, on the course and products 
of a reaction. Tho object of this article is to 
give an outline of the methods employed and 
the results obtained in tins study of the operation 
of ohemical aflinity. The three chief divisions 
into which tho discussion of the subject naturally 
falls ore (1) velocity of chemical reactions; 
(2) chemical equilibrium ; (3) catalysis. 

Velocity of chemical reactions. It is well 
known that different chemical reactions’ proceed 
to completion at very different rates. One 
change may be so rapid as to be practically 
instantaneous, whilst in another case the re- 
acting substances may appear almost indifferent 
to each other. The rate of chemical change 
depends, however, to a marked extent on the 
temperature, so that tho velocity of a reaction 
# which takes place with extreme rapidity is 
moderated on lowering the temperature, and 
becomes amenable to experimental investiga- 
tion. Suppose now that for such a reaction as 
that represented by the equation A-f B=C+D, 
a range of temperature has been found over 
which the change proceeds at a measurable 
rate; the question next arises, How is the 
velocity of the change, at a given temperature, 
dependent on the quantities of the reacting 
substances A and B ? In dealing with this 
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question, we shall assume that the reaction 
system is homogeneous, and that the change 
proceeds completely from left to right, i.e. until 
either A or B has disappeared. 

The reaction system being homogeneous, it 
is permissible to regard matters from the mole- 
cular-kmetic point of view, and to conceive the 
interaction of the substances A and B as taking 
place only in so far as the molecules of A come 
m contact with the molecules of B. The velocity 
of the reaction, therefore — that is, the rate at 
which A and B disappear — will be proportional 
to the frequency of the collisions between a 
molecule of A and a molecule of B, even although 
oidy a certain proportion of the collisions is 
followed by chemical interaction. Now, on 
kinetic grounds, the ficquency of the collisions 
between molecules of A and B is pioportional to 
the product of their concentrations, lienee the | 
velocity of reaction between A and B is pro- 
portional to the product of their concentrations 
(or their 4 active masses,’ as it. is sometimes put) 
This proposition is nothing else than the law of 
mass action, applied to the chemical change 
under consideration. 

The foregoing pioposition may be formulated 
in more deiinito shape If a is the concentra- 
tion of the substance A, and b is the eoneentia- 
tion of the substance B at the beginning of the 
roaction, then the initial velocity of the change, 
V 0 , is given by the equation V 0 - A**, ab, where /r, ! 
is a proportionality factor, the numerical value j 
of which is independent of the concentrations of \ 
the reacting substances, and vanes only with | 
temperature and other external conditions If, | 


with b, and wo may write — .r), where 

k—lc x . 6. Integration of this equation leads to 
the formula lc =- . log c - in which, as already 

indicated, a is the initial concentration of 
sucrose, and a- x is its concentration after 
the inversion has proceeded for l units of 
time. 

In order to test the validity of the formula 
k=j !<>g e ^ as applied to the inversion of 

sucrose, it is only necessary to ascertain the 
amount of sucrose still piesent m the reaction 
mixture at intervals during flic progress of the 
inversion, and then to see whether the amount of 
sucrose varies with the time in the manner re- 
quired by the formula. The simplest way of 
following the course of sugar inversion is to use 
I the polarimeter The reaction mixture, that is, 

| sucrose solution containing a catalytic agent 
| such as hydrochloric acid, is put m the polan- 
I meter tube, which should be provided with a 
j water - |ockct in order to secure a constant 
\ temperature during the progress of the inversion, 
j The angle of rotation is determined at. the 
beginning of the change, at subsequent intervals, 

1 ami finally when the change is complete. If we 
indicate l»v a 0 , a, and a* , the initial angle of 
notation, the angle at. time I tiom the start., and 
the final angle lespectively, then a 0 a*, is a 
measure of a. the total suciose undergoing in- 
version, and a cia- is similarly a measure of 
« — .r, the sucroso which has still to undergo 


now, the reaction is allowed t.o proceed for an I 
interval of time I, and if x represents the extent 
to which the concentrations of A and B have 
been diminished by the pi ogress of the change, 
then the velocity at time /, Vj, is given by the 
equation V| —k^.(a-x)(b-x) It is obvious 
that Vj must be less than V 0 , and that the 
velocity of the reaction must dimmish con- 
tinuously from the start onwards : V^, therefore, 
represents the velocity of the reaction only foi 
an infinitely short space of time. This velocity 
is defined by the rate at which x is, at that 


inversion after time t. Ilenco — 0 c 
a- x a~a x 

and the formula which should represent the 

course of tlieinvei sion becomes k= log. a ° Qac • 
t he a a x 


Eiom the ascertained values of /, a n , a, and a x , 


it is easy to discover whether the expression on 
the nght-haml side of the equation is constant 
or not. The experimental data recorded in the 
following table show how far in a particular case 


the actual course of suciose inversion corre- 


sponds with the velocity formula : — 


moment, increasing with the time, and if, using I 
the language of the differential calculus, we j 
indicate by dx the extent to which x increases 
in the mlinitely slioit space of time dt, we may 

write \ t r=^=ki . (a —x)(b—x). 

The applicability of the law of mass action, 
as expressed in the foregoing formula, is best 
appreciated by reference to a particular case, 
such as the inversion of sucrose. Although this 
change, winch may be represented by the 
equation +- H 2 ()=2(l fl H la 0 6 , takes 

place with appreciable velocity only in the 
presence of a catalytic agent such as hydro- 
chloric acid, yet. the latter is found unaltered 
when the reaction is over, and the inversion of 


1 n or r,s ion 

of Sucrose at 25 L 

’ by N/2 HC1. 

t 

in minutes 

Angleol fci _ J 
rotation t 

o«— aoc 
‘■ 1Og| 0 a — ax 

0 

f25*lb° 

— 

5b 

10*95° 

0*00218 

lib 

10*38° 

0*00218 

17f. 

5*46° 

0 00219 

23b 

1*85° 

0 00219 

371 

-3*28° 

0*00221 

oc 

-8*38° 

— 


The expression evaluated in the last column is 

-log, 0 ^— aQC instead of ;-.loge — — — , but, 
t a-ttoc t c a-ctoc 

obviously, if the value of the former expression 
is constant., the value of the latter must be so 


sucroso may be regarded as a particular ease of 
the reaction A+B=C-{ -I). The fact that the 
inversion is carriod out in aqueous solution 
permits, however, a simplification of the formula 

. (a—x)(b—x) ; the water taking part in 

the reaction is a small fraction of the total water 
present, so that z may be neglected in comparison 


also. The figures in the last column are satis- 
factorily constant, and the figure 0 ‘002 19 may 
therefore be taken as the velocity coefficient for 
the inversion of sucrose under the specified con- 
ditions, viz. at 25° and in presence of N/2 HC1. 
The variation of the velocity coefficient with 
temperature and with the concentration of the 
acid will be discussed later. 
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Reactions, in which only ono molecule 
of a single substance undergoes chunge, are 
termed unimolecular reactions, «r reactions of 
the first order. The course of all such re- 
actions, apart from possible disturbing factors, 

is represented by the formula K-- -. log, 

Examples of strictly unimolecular changes, to 
which the foregoing formula lias been found 
applicable, are the transformation of accto- 
cliloranilide into jMihloracetamlido, and Beck- 
man n rearrangement, and the decomposition of 
nickel carbonyl. The inversion of sucrose is, 
strictly speaking, not a unimolecular but a 
bimoJecular reaction, for both water molecules 
and sugar molecules are involved in the change. 
The reaction takes place, however, m aqueous 
solution, and, as already indicated, the conse- 
quence is that the course of the inversion eon- 
forms to that characteristic of a strictly uni- 
molecular change In many other similar cases, 
a bimolecular reaction proceeds in accordance 

with the formula k=- log. ° Examples of 
t z 1 

this are the hydrolysis of methyl acetate and the 
decomposition of diazomum salts 

it is desnablo here to emphasise certain 
ieatuics which are eharac tenstie of unimolecular 
reactions, features which (an indeed bo lead out 
of the velocity formula, but are most clearly 
seen by the consideration of expenmeiital data 
In the iirst place, toi all ummoJeculai leactions 
the amount of change occumng m a given 
interval of tune is a constant fraction of the un- 
changed substance still present This is a 
necessary consequence of the fundamental 
velocity equation, as is clear when it is wnttori 

in the form ^ ^ — /(//, but the proposition is 

also in harmony with observation, as will bo 
seen by a consideration of the following data 
bearing on the inversion of sucrose (Armstrong 
and Caldwell, Bioc Roy. Soc. A. 15)05, 74, 109). 
A sucrose solution was inverted at. 20° with 
hydrochloric acid, and the angle of intation (a) 
was determined from time to time, with the 
results shown below : 


Time 

a 

0 

+21-55° 

15 

2040° 

120 

13'75° 

135 

12 95° 

225 

8 '(52° 

240 

8'02° 

oc 

— 7T8° 


The decrease in rotation during fcho first 
15 minutes, viz. 1 '15°, is a measme of the amount 
of change during that intervul. The average 
rotation of the solution over this interval iuqy 
bo taken as — — J - * = 20 ’97°, and a 

measure of the unchanged sucrose present is 
given by 20 '97 +7 '18— 28 T 6. The ratio of the 
amount of change occurring in the first 15 
minutes to the amount of unchanged sucrose 
present is therefore — 0'041. If now the 
intervals from 120 to 135 minutes, and from 
225 to 240 minutes are similarly considered, it 
will be found that the ratio of the amount of 
ohange oocurring in the 15-minute interval to 


the amount of unohanged suorose present is 
0 039 in each case, practically the same value as 
for the first 15 minutes of the inversion. The 
experimental data, therefore, bear out the state- 
ment that for a unimolecular reaction the amount 
of change occurring in a given interval of time 
is a constant fraction of the unchanged sub- 
stance still present. 

Another feature of unimolecular reactions is 
that the amount of substance changed in a given 
timo is always the same fraction of the total 
amount of substance present at the beginning 
of the reaction, however tliis latter amount be 
varied. An illustration of this ih furnished by 
the following data, referring to the inversion of 
sucrose m very dilute aqueous solution under 
the influence of mvertase . — 


Grains Bucrose 
per 100 c c. 

1 00 
0 50 
0'25 


Grams sucrose 
inverted in 60 mins. 

0'249 
0 129 
O'OGO 


This experimental result is implied in the 


formula for a unimolecular icaetion, for if u— 

a 

is the fraction ot ihe total sucrose which has 
been inverted up to time /, the formula may be 

written/'— -7 log , , ami it is plain that tho 

t el — y 1 

value of y depends meielv on t, and is indepen- 
dent of a. 

For bimolecular reactions, that is, reactions in 
which two molecules are concerned, the funda- 
mental velocity equation is ^—k(a—x)(b—x), 


as indicated in the argument above. Inte- 
gration of this equation leads to the formula 

k= . log ^ If, however, the two 

(a-h)t ea(b—)x 

reacting substances have the same initial concen- 
tration, that is, if a—b, the integrated formula 
,1 x 
’ : t a(a—x) 

A typical case of a bimolecular reaction, or 
reaction of the second order, is the saponification 
of an ester by an alkali. Under suitable con- 
ditions of temperature and concentration, the 
velocity of saponification is measurable, and the 
progress of the reaction can lie determined by 
extracting samples of the reaction mixture from 
tune to tune and titrating for free alkali. The 
figures in the following tabic, referring Jto the 
saponification of ethyl acetate by sodium 
hydroxide at 24 '7 \ will serve to show how far 
the experimental data are in harmony with the 
formula just recorded. The reaction mixture 
in this case was N/40 in relation both to ester and 
alkali, and the figures under a— a: in the table 
are the volumes of a standard acid solution re- 
quired to neutralise 10 c.c. of the reaction 
mixture : — 

J(inhi.) a- x ka=} 

a-x 


0 

8'04 

— 

4 

5 '30 

0-129 

6 

4'58 

0 120 

8 

3 '91 

0132 

10 

3 '51 

0129 

12 

3*12 

0T31 

15 

2 '74 

0T29 

20 

2 22 

0T31 
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The figures in the last column are satis- side react to form those on the right side of 
factorily constant, and confirm the application the equation, and the other the velocity (v t ) 
of the law of mass action to a bimolecular with which the^ubstances on the right side react 
reaction. to form those on the left side of the equation. 

Reactions of the third and higher orders are jf wo take A+B^C+D to represent the 
known and the formulae applicable to these are reV0I8 ible roa ction in question, and suppose that 
obtained on the lines already indicated. Cases at gome part , l0U i ar moment the concentrations 
of such reactions, however, are comparatively (jf tho foar su b 8 tances ;n the reaction mixture 
rare, and it is not proposed to discuss them here. aro (l f) c and d respectively, then at that 
Investigation lias shown that frequently a re- m ’ nt ’ L^ab and v*=k.,cd. The observed 


rare, and it is not proposed to discuss them here. aro a f) c and d respectively, then at that 
Investigation has shown that frequently a re- momP nt VLjkafc and The observed 

action which a general knowledge of the facts veI()Clt of ihe c h ang e is, of course, the difference 
would lead as to regard as a reaction of a high 1)etween and ,,, if now tho change has pfo- 
order turns out to be one of a low order. This ceedod at) cons tant temperature until the 
result is undoubtedly due to the apparently oqulld)rmm poSiblon is reached, and the con- 
complex reaction being ready a senes of suceos- Mirations of tho four substances are a t , b e , c e , 
sive changes of a simpler kind. Under these . , . , „ „ 7. „ h urw j „ 

circumstances, tho velocity of the complex re an « res pee ive y, 1 1 J & 1 

action in determined l.y those of the component Since there n, equilibrium, the forward 

reactions which aro comparatively slow. If, reaction is exactly balanced by the back re- 
for instance, one of the latter is incomparably ! action, so that v-y—o., and k r or 

slower than all the others, then the order of the 1 fo. c D . d. ,, , h, . , , 

1 a-.- .1 1 d-- 1 r 1— . j 1 if the ratio is replaced by the one 


complex reaction will be the order of this slow I 1110 rat ' 10 /c ] 1S rc I ,lauoa W me one 

component reaction j 2 e e r c e . de 

Influence of Tempt mini e . — It is well known constant lv, we have 13 known as 

that a chemical reaction is markedly accelerated j fcho constant* and its numerical 

by even a slight rise of temperature, but a yalue d(;fim!S t h e relationship which must exist 
definite measure of the, influence of temperature between the equilibrium concentrations of the 
on a given reaction can be obtained only by H Stances involved in a reversible reaction, 
determining the velocity coefficient of tho 10- T}k) 1Uf , unitmi employed above might obviously 
action at different temperatures. The value of , )(J extendod to rovemible reactions other than 
the temperature coefficient of reaction velocity, D: tho result m all cases would 

deduced m this way, is remarkably independent 1 <— 

of tlx. nature' of the particular react, on under bo an cquil.lmum formula involving a constant 
investigation For homogeneous reactions of ratio between Uiv product of the equilibrium 
the most varied character? the factor by which concentrations of tho substances on tho right 
tho velocity cooflioont at T“ must bo multiplied ™lo and the product of the equilibrium con- 
in order to give the velocity coofliment at T+ 10", oentrations of tho substances on tho left side, 
bos, as a rule, between 2 and 4. Speaking however the values of these concentrations 
generally, one may say that tho velocity of a ™kht vary inthvldually. It ought, perhaps, to 
chemical reaction is dolibleil or tioblerl for every bo pointed out here that, ... the equilibrium 
rise of 10". It is a striking fact that the formula, the concentration o any substance, 
temperature coefficient of various vital processes, " molecules of which take part in the r, motion, 
such as vegetable respiration, is of the same must, be luised to the nth powei. 
order as tliat found for chemical reactions In discussing the application of the law of 
generally mass action to reversible reactions with tho help 

Chemical equilibrium. Tho reactions dis- of the equilibrium formula, wo shall deal first 
cussed in the foregoing section have all been cases ... which the reae ion system * 

changes which procted Rom left to right until at homogeneous As an oxamp e, the equii bnum 
least one of the reacting substance has dis- between carbon dioxide, hydrogen carbon 


In discussing the application of tho law of 
mass action to reversible reactions with tho help 
of tho equilibrium formula, we shall deal first 
with cast's in which tho reaction system is 


least ono of the reacting substances has dis- 
appeared. There are many reactions, however, 
which do not belong to this type, inasmuch as 
they come to a stop while the reacting sub- 


monoxidc, and water vapour may be considered ; 
the reaction in question is represented by tho 
equation OC^-j-Ho^CO fH 2 0, and is ob- 


stancca are still present in the, inaction mixture, viously of the type A I>. In Hahn’s in- 

S oppose, for instance, that the reaction between ve8 tig* a tion of this equilibrium (Zeitsch. pbysikal. 
two s (distances A and B is of this description, (jj iem 1903, 44 , 513), platinum was used as 
and that C and D are the products of the re- a ca talytic agent, and on this ground the 
action ; then the change proceeds untd a state objection might be raised that the reaction 
of equilibrium is attained at which all four m 8bud i e d by that investigator is not really 
substances are present. It is further found that homogeneous. A true catalytio agent, however, 
if the products 0 and I) are brought together, a8 wdl bo shown in groater detail at a later stage, 
they react to form the sulistances A and B, while dues not a ff e ct the position of equilibrium in a 
the final state of equilibrium reached is the saflie rove rsible reaction, but merely lessens the time 
as in tho previous ease .Such a reaction is f or the attainment of equilibrium. The 

known as a Halanceel or reversible reaction, and rea etion which takes place between carbon 
in the corresponding equation a double arrow dloxldo and hydrogen, or between carbon 
is substituted for the usual sign of equality ; monoxide and water vapour in contact with 
thus : A-4-B^C-f D. platinum, may therefore be regarded as a homo- 

The progress of a reversiblo reaction towards goneous reaction. In Hahn’s experiments, 
its equilibrium position may be regarded as the mixtures of the gases were passed through * 
resultant of two opposed velocities, ono the ve- heated quartz or porcelain tube containing 
locity (iq) with which the substances on the left i spongy platinum. Provided that the rate of 
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passage was slow enough to allow the four gases 
to eome into equilibrium with each other, 
analysis of the issuing gas gave the equilibrium 
concentrations, C COjj , C Ha< C co , and f - Ha0 - The 
relationship between these required by the law of 

. *'C0 • ^ 'HoO . .. , , 

masH aotion is K= . , ,, , and the validity 

1 oo 2 l 'n 2 

of the law in the ease of tins reaction is shown 
by the fact that the value of K obtained is, for 
a given temperature, the same when carbon 
dioxide and hydrogen, m varying proportions, 
are allowed to react, as when carbon monoxide 
and water vapour are taken as the initial sub- 
stances. A few figures obtained by Hahn at 
080° will serve to support this statement. 
Mixtures of carbon dioxide and hydrogen, in 
the proportions shown m the following table, 
were passed through the reaction vessel, ami 
from analysis of the issuing gas the values of K 


were cal 

“uiated 

bv the 

abo 

/<> formula 


Initial 

mixture 

Equililui 

un mixture 



11 2 

C(> 2 

CO 

ll a ( 

»2 

K 

JO 1 

SO 0 

0-70 

0 

40 

80 38 

1 50 

30 1 

00 !) 

7 IS 

23 

00 

40 82 

1 58 

40*1 

51 -H 

21 30 

27 

KK 

22 88 

1 50 

00 0 

30 1 

34 20 

20 

01 

12 58 

1-04 

70-3 

20 7 

41 00 

22 

70 

0 70 

1-0! 


Experiments were made, also at 980", m which 
the initial mixture contained carbon monoxide 
and water vapour . the mean value of K, 
deduced from those experiments, was 1 55, 
slightly lower than the average of the figures 
recorded m the table' The discrepancy, how- 
ever, is not great, and the numeiieal data quoted 


| librium concentrations by analysing the issuing 
gas. The figures in the following table, obtained 
at 727°, show that tho value of K, worked out 
from the equilibrium concentrations, is in- 
dependent (1) of the relative proportions of 
sulphur dioxide and oxygen passed into the 
apparatus, (2) of the presence or absence of 
nitrogen : — 


Initial pas ratio 


so a 

0 a N» 

KxlO- 

0-21 

: 1 : 0 

3 40 

0-02 

: 1 : 0 

3-50 

1 20 

: 1 : 0 

3-48 

1*08 

: 1 : 0 

3-51 

3 07 

: 1 : 0 

3 07 

1 23 

: 1 : 3 70 

3-00 

1 31 

: 1 • 3 ’70 

3-54 

1-55 

: 1 : 3 70 

3 52 

exper 

'iments showei 

1 also that t he value 


of K obtained for a particular gas mixt ure was 
independent (1) ot tho direction in which the 
equilibrium position was approached, (2) of the 
rate at which the gaseous mixture was passed 
over the catalyst. The latter result is the 
guarantee that the equilibrium position was 
really attained. 

Similar results were obtained at various 
otliei temperatures, and it was found that the 
value of Iv inei eased lapidly with rising tempera- 
ture, as shown by the following figures : — 

Temp. C. KxlO' 

52H" 0 015 

570° 0 077 

(>27° 0 32 


sufliee to show that the balance established 
between tho four gases, whatever be their initial 
concentrations, is adequately defined by the 
mass action formula 

A reversible reaction of great technical im- 
portance is the one which hums the basis of tho 
sulphuric acid contact process 

2S0.4 0,^2S0 ) 

and consideration of this ease from tho stand- 
point of the mass action law throws light on 
many points connected with the process, Tho 
reaction may be regarded as a homogeneous 
one, for the catalysts used in the technical 
process do not affect the final balance between 
the gases, but only accelerate the attainment of 
equilibrium. 

The application of the law of mass action, in 
(<2 

this case, leads to the result - v r - L - 3 — = const., 
C 2 r 
so 2 ■ ' o 2 

in which 0 SOs , ^so 2 ’ anf * ^o 2 an> the equilibrium 
concentrations of the respective substances. It 
is convenient, however, to work with the re- 
ciprocal of the foregoing expression, and to 
regard the equilibrium constant as defined by 
^so • C 0 

K= ^ The accuracy of this formula 

^'S0 a 

may be tested with the help of the experimental 
data obtained by Bodenstein and Pohl (Zeitsch. 
Elektrochem. 1005, 11, 373). These investi- 
gators passed a mixture of sulphur dioxide and 
oxygen over spongy platinum, contained in 
heated quartz, tubes, and determined the cqui- | 


080° 

1 12 

727° 

3 54 

780° 

12 0 

832° 

28 0 

807" 

810 


This increase means that, os the tempera- 
turo rises, the position of equilibrium is shifted 
in favour of the system 2S0 2 +0, ; in other 
words, the dissociation of sulphur trioxido 
becomes greater. For each set of conditions, 
the extent of the dmsoi mtion is defined by the 
corresponding numerical value of K, deduced 
from a formula based on the foregoing table. 
It is possible, then, for a given temperature and 
given proportions of sulphur dioxide, oxygen 
and nitrogen in the initial gaseous mixture, to 
calculate what will be the relative quantities of 
trioxido and dioxide in the equilibrium mfxture, 
that is, to calculate the ‘ yield ’ obtainable. The 
results of such calculations for various propor- 
tions of tho gases and for various temperatures, 
are embodied in the following table. Tho 
numbers recorded in the last four columns are 
the percentages of sulphur dioxide convertible 
into sulphur trioxide under the specified 
conditions : — 


Initial gaseous mixture 

SO™ 0 9 N» 

400° 

5<*)° 

600° 

700° 

10-1 p.e. 54)5 p 

e 84 '85 p e. 

00-2 

83-2 

501 

31*9 

70 10 0 

83-0 

00*3 

03 4 

73-3 

42*5 

44) 14T> 

814 

00*4 

04 0 

78*3 

48*1 

2-0 18 0 

80-0 

00*5 

95T) 

80*5 

51*3 


.These figures bring out clearly one other point 
involved in the equilibrium formula, namely, 
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the influence of the partial pressure of tho 
oxygen. If the equilibrium formula is written 
in the form 


Csos _ 

CgOj, 


1 

;/k- ' /Co « 


it is plain that the yield at a given temperature 
can bo raised by increasing the partial pressure 
of the oxygen, and tins conclusion is borne out 
by the foregoing table. The figures hIiow also 
that the lower the temperature the better is tho 
yield, but it must be remembered that from the 
technical point of view the time necessary foi 
the attainment of equilibrium is also an im- 
portant consideration. Fortunately, with plati- 
num as catalyst, the union of sulphur dioxide 
and oxygen takes place with satisfactory 
rapidity, even at temporaturos as low as 400°- 
500 \ at which the dissociation of the trioxide is 
comparatively slight. With less active catalysts, 
however, such as ferric oxide, a higher tempera- 
ture is required to secure a satisfactory velocity 
of reaction, and this involves a reduction of the 


great error is made, subject to that condition, 
by writing p^ -f p n = 1\ where P is the total 
pressure. If, fiirther, the nitrogen and hydrogen 
nave been taken in the exact proportions required 
by the chemical equation, p }{ = 3p N . When 
these relationships are coupled with the expres- 
sion for the equilibrium constant it follows that 
p NH = 0*325K x l’ 2 . Hence, for low concentra- 
tions of ammonia, the partial pressure of this 
gas in the equilibrium mixture is proportional 
to the square of the total pressure. 

If t is taken to represent tho volume per- 
centage of ammonia in the equilibrium mixture, 

x — ^ x 100 = 32 '5k X P This relationship, 

according to which the volume percentage of 
ammonia, for low concentrations, should bo 
proportional lo the total pressure, is confirmed, 
for exam j >le, by some of Halier’s experiments at 
SOU", in which for P- J atmosphere, x was 
found to Ik* 0*012, while for P—30 atmospheres 
x was <>*34 


obtainable yield. 

Another reaction which is of exceptional 
interest, from the standpoint of chemical equili- 
brium, and which has assumed great tochmcal 
importance in recent years, is the synthesis of 
ammonia from nitrogen and hydrogen. Although, 
as Dovillo showed 50-00 years ago, oven pro- 
longed exposure of ammonia to oleetne sparks 
leaves a trace of the gas undooomposed, and a 
minute quantity of ammonia is formed, when a 
mixture of nitrogen and hydrogen js passed 
through a heated tube, it was not until the early 
years of the present century that the reversibility 
of the reaction was properly appreciated and 
an attempt made to apply the principles of 
chemical equilibrium. The physico-chemical in- 
vestigation of tho equilibrium N 1 >-F3H.. ‘^ 2NIln 
has lK‘cn carried out mainly by Haber and his 
collaborators {see Zeitsch. Elektrochom. 1914, 
20, 597; 1915, 21, 89 128, 191, 200, 228, 241), 
but this research, conducted originally on purely 
scientific lines, has developed in a remarkably 
short space of time into a large scale process 
for the production of ammonia from its con- 
stituent elements. 

Granted that there is a genuine equilibrium 
between nitrogen, hydrogen, and ammonia, 
Le Chatelier’s principle indicates clearly that 


at any given temperature increase of pressure 
will shift the equilibrium portion in favour of 
ammonia. Tho formulation of the equilibrium 
constant gives definite expression to this 
pressure effect, and for the present purpose tho 
constant is liest stated, not in terms of tho 
equilibrium concentrations of nitrogen, hydrogen 
and ammonia, but in terms of their equilibrium 
partial pressures p , p , and p . 


On this basis ? has a constant value 

Pn.'^h, 

at a givon temperature, or alternatively, 


Since at high temporaturos the equilibrium 
concentration of ammonia is relatively small no 


Tho shift, of the ammonia equilibrium with 
temperature is shown very dearly by the 
following table, m which the values of K, 
based on measurements earned out. at a pressure 
of 30 at.mosj >h ores, arc recorded for a number 
of temperatures :• — 

501° 020° 700° 722° 801° 901° 952° 
K > 10* 213 12 0 0*80 5-82 3 50 2*13 1*08 

From the graph based on the foregoing 
values it. is possible to work out. for various evon 
temperatures and even pressures the maximum 
quantities of ammonia obtainable by the inter- 
action of nitrogen and hydrogen undor various 
conditions A selection of such figures, con- 
stituting a summary of the influence of pressure 
and temperature on the ammonia equilibrium, 
is embodied in tho following fable (valid for 
1 vol nitrogen -f 3 vols. hydrogen) : — 


Equilibrium Pekmcntauh op Ammonia. 


Temp 

nt 

id 

at 

at. 

(tent. 

1 at. mo. 

00 nlnios 

lOOatmos 

200 at mi >s 

400° 

0-44 

10*7 

25 1 

30*3 

500° 

OH 29 

3*02 

10*4 

17*0 

000° 

0*049 

1*43 

4*47 

8'25 

700° 

0*022 

0*00 

2*14 

4*11 

800° 

0 012 

0*35 

1 *15 

2*24 

900° 

0*0009 

0*21 

0*08 

1*34 

1000° 

0*0044 

0*13 

0*44 

0*87 


From the figures just quoted it is clear that 
the highest percentage conversion of nitrogen 
and hydrogen into ammonia is seoured by 
working at a high pressure and a low tempera- 
ture. Jn large-scale work, however, there is 
obviously a limit to tho practicable pressure, 
and the pressure commonly employed in the 
technical process has been 150-200 atmospheres. 
A lower limit is likewise set to the temperature 
whioh can profitably be employed in practice 
by considerations of velocity. By themselves, 
nitrogen and hydrogen combine very slowly at 
temperatures below 1000°, and it is only in the 
presence of catalysts, such as osmium, uranium, 
and iron that the reaction is reasonably rapid 
at temperatures where the yield of ammonia 
is moderately satisfactory. A big yield and a 
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high velocity of reaction cannot be achieved 
simultaneously, and a balance has to be struck 
at the temperaturo which gives the best economic 
results. On the technical scale the temperature 
employed is generally 600°-600° C., and the 
mixed compressed gases arc circulated over the 
heated catalyst in such a way that the ammonia 
formed is continuously removed by refrigeration 
or absorption. It should be pointed out that 
in the manufacturing Operation the rato of 
passage of the gases over the catalyst may bo 
too rapid to permit the reaching of equilibrium 
at each stage ; it may bo economically pre- 
ferable to increase the rate of circulation and 
to be satisfied with a correspondingly smaller 
conversion at each contact with the catalyst. 
(see Maxted, J. Soc. (them. Ind. 1018, 37, 
232). ... 

Many other dissociation equilibria, similar 
in type to the cases just discussed, have been 
successfully attacked from the standpoint, of the 
law of mass action. One instance is the equi- 
librium N 2 0 4 ^2N0 8 , a case in which a 
physical method, namely, the determination of 
the vapour density, must be employed to find 
the relativo proportions of the reacting sub- 
stances in the equilibrium mixture. Obviously, 
no direct chemical method of analysis is per- 
missible in any ease where the equilihuum shifts 
rapidly at the oidman/ temperature, for sueli 
analysis involves the removal of one of the 
substances involved, and this at. onee upsets the 
equilibrium. 

Another technically important reaction, 
studied from the standpoint of the mass action 
law, is that which forms the basis of the 
Deaeon process (see von Falckenstein, Zcitsch. 
plivsikal. (-hem. 1907, 59, 313; 1909, 05. 371). 
When a mixture of hydrogen chloride and air is 
passed through a heated chamber containing 
nricks impregnated with cupric chloride, the 
hydrogen chloride and oxygen react, producing 
chlorine and water vapour, but the reaction 
comes to a stop before all the hydrogen chloride 
disappears ; the reaction, in fact, is a reversible 
ono, and may bn represented thus : 

4HCl+0 2 ^t2Cl 2 +2H,0 

Experiments have shown that the equilibrium 
is defined by an equilibrium constant 

K _ ^cla • C H a o 
^HOl • ^°8 

the value of which, at a given temperature, is the 
same, whether the initial gaseous mixture taken 
is hydrogen chloride and oxygen (air), or chlorine 
and water vapour. The valuo of K diminishes 
as the temperaturo rises, hence the extent to 
which hydrogen chloride can be converted into 
chlorine also diminishes with rising temperature. 
If x represents the fraction of hydrogen chloride 
convertible into chlorine, then the value of x 
can be calculated for any givon temperaturo 
from the corresponding value of K and the 
partial pressure of the oxygen. For a dry 
mixture of 76*1 p.c, HC1 and 23 ’9 p.c. 0., the 
value of x is 0'865 at 352°, 079 at 430°, ana 0*55 
at 650°. If air is substituted for oxygen so that 
the ratio of hydrogen chloride and oxygen 
remains the same, the value of x is 071 at 430°. 
This is approximately the temperaturo employed 
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in the technical process, and the yield obtained 
is about 70 p.c. The use of lowertemperaturos, 
which would increase the yield, is precluded 
practically becauso of the much longer time re- 
quired for the attainment of equilibrium. 

The cases of equilibrium discussed so far 
have been those in which gases alone are in- 
volved. Thero are, however, many homo- 
geneous reversible reactions in which liquid or 
dissolved sulratances take part. A classical 
example is the reaction between ethyl alcohol 
and acetic acid, represented thus : 

C1VCOOH+ o 2 h 6 oh^oh 3 *cooc 2 h 5 + h 2 o 

If 1 mol. of acid and 1 mol. of alcohol are heated 
in a sealed tube at 100° for a sufficient time, 
examination of the reaction mixture shows that, 
it contains J mol. each of acid and alcohol, and 
$ mol. each of ester and water. If then 1 mol. 
of ester and 1 mol of water arc mixed and 
treated in the same way, the equilibrium 
mixture finally obtained has the same composi- 
tion as in the first case. The reaction therefore 
is truly reversible and the equilibrium constant 
( - C 

is given by the equation K— c M; , where 
'ac-^’al 

( «. ^ V (-'ar an( l («/ arc the equilibrium con- 
centrations of the four substances. If v re- 
presents the volume of the equilibrium mixture 
in litres, then for the case where 1 mol. each of 
acid and alcohol arc taken initially 
l I 

= ^ and D flC — whence K=4. It should 

be pointful out that the composition of the 
equilibrium mixture may safely be determined 
by titrating the free acetic* acid, for tho velocity 
of the reaction between ethyl alcohol and acetic 
acid is negligibly small at ordinary tempera- 
tures. 

If the law of mass action is strictly applicable 
to the reaction under consideration, then tho 
value of Tv obtained in experiments in which 
alcohol and acid are taken m other than mole- 
cular proportions should also bo 4. Suppose, 
for instance, that m mols. of alcohol are allowod 
to act on 1 mol. of acid, and that after equi- 
librium has been readied, tho fraction x of a 
mol. of ester has been produced; then 0 9 =C W 

x „ 1—# , m—x , T _ 

(w= - — , and ('-;= : so that K 

v w v ai v 

x 2 

= n T 7 7, Instead of seeing whether the 

(l-x)(m— x) . h 

insertion of the known values of m and x in this 
formula gives the value 4 for K, the applicability 
of tho mass action law may be tested by taking 
K=4 and ascertaining whether the value of 
x calculated by the formula for a given value of 
m is in agreement with the value of x determined 
experimentally. This procedure has been 
adopted in the actual investigation of tho case, 
with the following results : — 


m 

x found 

srcalc. 

0*08 

0-078 

0*078 

0 28 

0*226 

0-232 

0-50 

0*414 

0*423 

0-07 

0-519 

0-528 

1*5 

0*819 

0-785 

2*24 

0*876 

0-864 

8*0 

0*966 

0-945 
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The excellent agreement of the figures in the 
second and third columns furnishes a convincing 
proof of the applicability of the law of mass 
action. The influence of 1 mass ’ or concentra- 
tion in affecting equilibrium is very clearly 
illustrated by the mi miters quoted in the table, 
for it will be observed that when the amount of 
alcohol is great compared with the amount, of 
acid, the latter is almost quantitatively eon- 
verted into ester, in other words, the ‘ yield ’ of 
ester from acid is nearly theoretical 

According to a widely accepted view, an 
electrolyte dissolved m water is dissociated into 
positively and negatively charged particles, 
called ions, and investigation oi the conduc- 
tivity of electrolytic solutions and of the ah- ' 
normal effect of electrolytes on the freezing point j 
and boiling-point of water supports the con- J 
trillion that, the degree of this ionic dissociation j 
increases wit h the dilution of tin* solution, and ' 
diminishes when the solution becomes more 
concentrated. The equilibrium, therefore, be- 
tween the undissociated molecule of an electro- 
lyte and the ions may be regarded as reversible 
— 4- 

and can be represented thus : AB ~> A -j- It If 
this view is correct., then, as Ostwald pointed out, 
the equilibrium should be govomed by the law of 
mass action, and the relationship between the 
— + 

concentrations of All, A, and 11 at a given 
temperature must be defined bv an equilibrium 
constant. Suppose, for instance, that acetic 
acid is the electrolyte in question, then the 
equilibrium is represented by 

CHynooif ^.CHpmo f u 

and the equilibrium formula will be K = — 

where ('!, (!,, and (L aie the concentrations of 
the undissociated molecules and of the two ions 
respectively. Since, howevei, the ions me pro- 
duced m equivalent, quantities, and 

(! 2 

K= y 1 ,-. If wo are dealing with a solution con- 
taining 1 gram -mol. of acetic acid in V litres of 
solution, and if we fate a to indicate the frac- 
tional extent, to which the molecules aie dis- 
sociated, then in V litres there is 1— a gram -mol 
of undissociated acetic acid, and accordingly 

0 — Similar] y, C, = so that K ~ ' a - Tr ,* 

V V (l-a)V 

For all binary electrolytes which, like acetic acid, 
dissociate into two ions, exactly the same formula 
would tie obtained. Tho equation is the alge- 
braic expression of what is known as Ostwald’s 
Dilution Law, and K is usually termed a dis- 
sociation constant or an wn nation constant : it is 
also called an affinity constant 

The determination of a is based on the 

relationship o = , where a is the equivalent 

conductivity of the electrolyte at tho dilution V, 
and A a is the limiting maximum value of the 
equivalent conductivity. Tho application of 
tho law of mass action to the equilibrium 
between acetic acid and its ions and to other 
similar cases is justified by the fact that tho 

value of ^__ a )v i 8 independent, of the dilution 
at a given temperature. In support of this 


statement, the following figures for acetic acid 
may be quoted : — 

V Kxtn« 

Ifi 1*7!) 

.12 I -82 

U 1 -7 9 

12S 1- 79 

2m 1 -80 

r>12 1-80 


An equally satisfactory constancy of the 
expression ^ has been observed in the cose 

of all acids and bases which are dissociated to a 
comparatively small extent, and for these tho 
validity of Ostwald’s Dilution Law may be re- 
garded as established For some reason, how- 
ever, winch has not yet been adequately ex- 
plained, highly dissociated electrolytes, such as 
strong neids and bases and neutral salts, do not 
obey OHtwald’s Dilution Law, although in the 
case of potassium chloride Welland (J. Araer 
CJhem Soe Mil 8, 40, 111) seems to have 
established the validity of the law for this 
compound at extreme dilutions. 

Jveepmir m view this limitation to the 
a a 

validity of the formula K- ^ we may 

ask . What is the significance of the constant K ? 


The answer will he plain if two feebly dis- 
sociated acids, HA, and HA.„ are compared at 
the same dilution V. Since the acids are feebly 
dissociated, it, is a very clone approximation to 
the truth to put 1 — u, = I ami 1 -«,=], so that 


y and Kj= a ^ . A comparison of the 

equations shows that tho relative value of 
the dissociation const ants rs closely related to the 
degree of dissociation ; to put it generally, the 
dissociation constant is a measure of the ability 
of an acid to yield hydrogen ions, which, accord- 
ing to the modern view, are responsible for the 
eliaractei istie properties of acids. The value 
of K for an acidjs. therefore, a measure of its 
strength, of its power to manifest thoso pro- 
perties which are associated with acids. Ono 
set of circumstances in which tho relative 
strength of two acids is an important factor is 
realised when one gram equivalent of a base, 
such as sodium hydroxide, is added to a solution 
containing one gram equivalent of each of the 
two acids The hose is insufficient to neutralise 
both acids, and the result is a competition 
between the two acids, each securing a fraction 
of the base. A theoretical discussion of this 
problem shows that if x is the fraction of the 
base appropriated by the first acid HA,, and 
1 - .r accordingly tho fraction appropriated by 
the other acid HA 2 , then, provided the dilu- 


x / TC 

tion is not too great, ~ ]£• 

therefore, the values of K, and K 2 have been 
determined in the way already described, it is 
possible to calculate the distribution of the 


available base between the two competing acids. 
That this can be done in good agreement with 
experiment is shown by the following figures : — 


HA, 

ha* 

a Calc. 

a found 

Dichloracetic acid 

Lactic acid 

04)5 

091 

Formio acid 

Acetic acid 

0 75 

0'76 

Acetic acid 

Butyric acid 

0-54 

053 
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It is evident, then, that a knowledge of the 
dissociation constant of an acid enables us to 
calculate relatively the affinity or avidity of this 
acid for a base. There are other methods for 
ascertaining the relative aflimty or avidity of an 
acid, methods available in the ease of strong 
acids which do not obey the dilution law, and to 
which, therefore, no definite value of K can be 
assigned. Among these methods arc the deter- 
mination of the heat effects accompanying 
neutralisation (Thomsen), the measurement of 
the density changes (Ostwald), and the st udy of 
the influence of acids in accelerating the in- 
version of sucrose 01 the hydrolysis of methyl 
acetate. The order of magnitude of the values 
obtained by these and other methods for the 
relative aflimty of acids is the same, as will be 
seen by an inspection of the following table . — 

lk-lullve aflimty 
deduced hum 

Acid K x 100 Sucrose Density 

inversion changes 

HOI — 100 J00 

1IKO, — 100 100 


calculate accurately the effect produced by 
adding any given quantity of the neutral salt. 

The cases of equilibrium so far discussed 
havo beon those which occur in homogeneous 
systems, but there are numerous cases also of 
noil-homogeneous or heterogeneous equilibrium. 
The beanng of the law of mass action on re- 
versible reactions of this character will be most 
readily appreciated by considering one or two 
examples. The dissociation of calcium car- 
bonate may be taken in the lust place. If tins 
substance is heated to 750° in a closed space, it 
breaks up to some extent into calcium oxide and 
carbon dioxide : if, on the other hand, carbon 
dioxide at atmospheric pressure is passed over 
calcium oxide, heated to the afore-mentioned 
temperature, tho reveiso action takes placo and 
calcium carbonate is formed. That is to say, 
an equilibrium is established which may be 
represented thus: Ca( 1 Q 3 ^ CaO-j-CO... In 
applying the law of mass actum to this ease, we 
are confronted with the question : What is the 
concentration or ‘ active mass ’ of a solid taking 


001, COOIL «*J0 (appiox ) 75 SO 

CHOI. COOK 5 M 27 23 

CH.dl'OOH 0155 4*8 7 

H-< 7 <)Oll 0 021 15 3 

CH, ,-COO If 0 00 IS 0-4 I 

The manner in which a dissociation cqui- 
libinmi is affected by exiess of one ol the pio- 
duets of dissociation has uheady been icfened 
to in connection with the sulphiuic acid contact 
process. Jt was them shown that as the equi- 
librium concentration of the oxygen is increased, 
so the extent to which the sulphur dioxide is 
°onvoitod into tuoxule is increased also In 
other words, the dissociation of sulphur trioxide 
into sulphur dioxide and oxygen is diminished 
in presence of excess of oxygen, one of the 
products of dissociation An analogous state- 
ment may be made in connection with the 
elec tioly tic dissociation of an electrolyte, such 
as aeotic acid. Jf to a solution of this acid a 
quantity of Cil 3 COO ions is added, tho dis- 
sociation of the acid is diminished to a large 
extent, i.e. the concentration of the hydrogen 
ions is very much reduced, and the acid character 
of the solution almost disappears. It is true 
that CHy'COO ions cannot he added by them- 
selves, but a solution of the sodium salt of acetic 
acid serves the purpose, for such a salt, to judge 
from its conductivity, is highly dissociated into 
CHj’COO ions and sodium ions. That the 
effective acidity of an acetic acid solution almost 
disappears on the addition of a little sodium 
acetate solution is very clearly seen by com- 
paring the effects of (1) the acetic aenl solution, 
(2) the acetic acid solution -f sodium acetate, on 
the inversion of sucrose. It has been found that 
the velocity of inversion in presence of 

^CH. { ‘COOH-f ^(!H ;J -COONa 

in about ~ what it is in the presenco of — 
75 4 

CHgCOUH alone. Not only is this influence of 
a neutral salt on the effective acidity of a weak 
acid to be expeoted on the basis of the mass 
action law, but it has also been found possible, 
with the help of the equilibrium formula, to 


part in a reaction '/ An answer to tins question 
may be i cached by supposing that in tho gaseous 
phase of tho reaction system there is equilibrium 
between the calcium eafbonate, the calcium 
oxide, and tho carbon dioxide ; that is, each of 
the solid substances concerned in the reaction 
is supposed to have a definite, it minutely small, 
sublimation pressure at a given temperature, 
and therefore to he lepieseuied in the gaseous 
phase. On this basis, the equilibrium at u 
given temperature would he governed by tho 

formula , whole 0j, 0., and C uro tho 

equilibrium concentrations of calcium carbonate', 
calcium oxide, and cat bon dioxide m the 
gaseous phase, respectively If partial pres- 
sures are employed instead of concentrations, 

the formula would be K— 7r “ 7T . Now 7T X and i r it 
17 1 

being sublimation pressures, have fixed values 
at a given temperature, and are independent 
of the absolute amounts of calcium carbonate 
and calcium oxide present. Hence tt— const., 
and since tt x and 7 ^ are negligibly small, tt, 
tho partial pivssuie of the carbon dioxide, 
is practically equal to />, the total pressuro 
exerted by the system ; ho that we may write 
p- const. Tho application, therefore, of the 
law of mass action to the dissociation of calcium 
carbonate leads* to tho result that at each 
temperature tho reaction system exerts a 
definite pressure — the dissociation pressure, as 
it is termed. This statement is valid only on 
tho understanding that the substances involved 
m the reaction are kept in contact with each 
other; if provision is made for keeping the 
pressuro of tho carbon dioxide permanently 
bfclow or abovo the equilibrium value, then a 
reaction proceeds until the calcium carbonate 
(in the first case) or the calcium “oxide (in the 
second case) has disappeared. By artificial 
alteration of the pressure at constant tempera- 
ture, therefore, any reaction of the same type as 
CaCO^CaCH-CO.j may be made to proceed 
either from left to right, or rice rertd. The 
reaction 2Ba0 2 ^2Ba0-f0 2 is also a ease 
where two solids and a gas are in equilibrium 
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with each other, and it may be treated in the 
same way as the dissociation of calcium car- 
bonate. 

Perhaps the chief point that emerges from 
the foregoing is that the active mass of a solid 
taking part in a chemical reaction is constant. 
The correctness of tin's conclusion has been con- 
firmed by the investigation of various hetero- 
geneous reactions dillercnt in type from the dis- 
sociation of calcium carbonate. One of these 
may be considered here, viz. the equilibrium 
represented by 3Fe-f 4fl ,< > ^ Foj(> 4 + 4H 2 
(we Devi lie, Pompt. rend. 1870, 70, 1105, 1201; 
71, 30; Premier, Zeitsch. physikal. Cliem. 1004, 
47, 385). On the assumption that the active 
masses of the iron and the iron oxide are con- 
stant, the application of the law of mass action 

obviously leads to the result ^ Ua ° = const., 

Piijj 

PnjjO an d Pn a being the partial pressures of the 
water vapoui and the hydrogen when equilibrium 
has been established at a definite temperature. 
This relationship is verified by the experi- 
mental results, some of which are quoted m the 
following table. The experiments consisted m 
exposing iron m an “electrically heated closed 
system to the action of water vapour kept up to 
a constant pressure (p Jfa0 ). From the total 
pressure reached at equilibrium- p j{ Q -f p lh — 
the partial pressure of the hydrogen eould easily 
he deduced. Jt was further found that, starting 
with excess of hydrogen and iron oxide, the 
equilibrium could ho reached m the other 
direction. The results recorded m the table 
were obtained at a tempeiaturo ol 1)00"; the 
pressures are given in millimetres of mercury : — 




^n a O 

% 

8-8 

13 5 

0T>5 

12-7 

180 

0-71 

21T> 

30*6 

0*70 

35 0 

52*0 

0-07 

4!)-3 

718 

0-08 


When the diihcult nature of the experiments 
is taken into account, the; numbers in the last 
column may bo regarded as satisfactorily con- 
stant and as demonstrating the applicability of 
the mass action law to tins ease. Although m 
a closed system an equili bnum is reached in the 
way described, yet if provision is made for re- 
moving the hydrogen as fast as it is formed, and 
thereby keeping its partial pressure permanently 
below the equilibrium value, the reaction will 
proceed until the iron is all converted into oxide. 

There are many reversible reactions in- 
volving a solid substance and a liquid, or a solid 
and a dissolved substance. Here also the active 
mass of the solid is constunt at a given tempera- 
ture, solubility and sublimation pressure being 
analogous quantities. The equilibrium formula 
undergoes, therefore, a similar simplification to 
that illustrated in the foregoing paragraphs. 

Influence of Temperature . — In general, a re- 
action system which is in equilibrium at a given 
temperature is no longer in equilibrium when 
the temperature is altered. A measure of this 
influence of temperature on chemical equi- 
librium is found in the change of the equilibrium 


constant, and an illustration of the extent to 
which K may change with temperature has 
already been given in connection with the 
oxidation of sulphur dioxide to trioxide. The 
exact relationship between temperature and 
equilibrium is defined by a formula associated 
with the name of vun't Hoff, according to which 
d(lo ge K) q 

— = — itTn* r ^ ,c symbol K is the equi- 


librium constant, that is, the ratio between the 
product of the equilibrium concentrations of the 
substances on the light side of the equation and 
the product of the cquililmum concentrations of 
those on tho left side ; q is the heat evolved 
when tho reaction goes completely from left to 
right, T is absolute temperature, and R is the gas 
constant. The theoretical basis of van’t Hoff’s 
formula need not bo discussed here, but one or 
two points involved in it may be indicated. It 
is evident, m the first place, that when the heat 
effect of a levcrsible reaction is small, the 
variation m K is also small, i.e. the position of 
equilibrium is but slightly shifted on altering 
the temperatui e. An instance of this is f urmshed 
by the reversible reaction between ethyl alcohol 
, , , c/(log K) 

and acetic acid. Again, if q is positive, ^ 


in negative, so that K diminishes with rising 
temperature, eonespoiidmg to a shifting of the 
equilibrium in favour of the substance's on the 
left side of the equation. If, on the other hand, 
(f/log^K) 


q is negative 


UT 


is positive, and a rise of 


temperature, tlierefoie, involves a displacement 
of the equilibrium in ta\ our of the substances on 
the light- side of the equation. It will be ob- 
served that m both eases, whether q is positive 
or negative, a rise of temperature involves a 
shifting of the equilibrium in the direction which 
means absorption of heat. 

Ah an illustration of the applicability of 
van’t liolf’s formula in an individual ease, tho 
icaetion 280-, ^ 280,4-0,. may he taken. 
From the values of tho equilibrium constant 
obtained for tins reaction at different tempera- 
tures (sec j). l(il), the values of q over narrow 
intervals of tempeiaturc were calculated by the 
form ulu. It was found that q is a linear function 
of the temperature, and may, in fact, be repre- 
sented by the equation q— —47300+ 4T. If 
this expression for q is inserted in the formula 
(/(log«H.) q 

— and the equation is integrated, 
the following formula is obtained : — 


log l0 K= - 


10373 

T 


-2 222 log 10 T+ 14 685 


The relation between K and T expressed in this 
formula is almost exactly that observed in the 
experimental investigation : this appears from 
the following figures : — 


C. 

Jog K fouud 

log K calc. 

528 

- 4-809 

-4*817 

579 

- 4-126 

-4*099 

627 

-3-500 

-3*502 

680 

-2914 

-2*893 

727 

-2-451 

-2*453 

789 

-1*900 

-1*922 

832 

-1 553 

-1*573 

897 

-1-089 

-1083 



CHEMICAL AFFINITY. 


1<S7 


Catalysis. No discussion of reaction velocity 
or chemical equilibrium would be complete 
without a reference to the phenomenon of 
catalysis. It very frequently happens that a 
chemical reaction, which of itself is extremely 
sluggish, proceeds with comparative rapidity in 
presence of some foreign substance — a catalyst , 
as it is called. Cases of such an acceleration of 
a chemical reaction have long been known, and 
in both laboratory and technical processes 
catalysts an? in common use. 

A rational quantitative study of catalysis is 
possible only on the basis of the law of mass 
action. In tho velocity coclUcient, as ah cad y 
explained, wo have a definite measure of the rate 
of a chemical change under given conditions. 
For a given reaction, therefore, winch is catalyti- 
cally accelerated, tho value of the velocity 
coelliciont at a given temperature is a measure 
of the eflicioncy of the catalyst, and by com- 
paring the values obtained fm the velocity co- 
efficient in dillerent experiments, one can iind 
out how ti e efficiency of a catalyst varies with 
the conditions under which it woiks, and how 
the efficiency of one catalyst compares with that 
of another working under the same conditions. 

General ( Uianutrnstics t f Catalysts . — One very 
common and striking feature of catalysis is that 
the quantity of the catalyst is so small compared 
with the quantities of the main reacting sub- 
stances. As a rule, too, the activity of the 
catalyst at the end of the reaction which it has 
accelerated is unimpaired. An illustration of 
these features of catalysis is furnished by the 
influence of eolloulal platinum in promoting the 
union of hydrogen and oxygen at the ordinary 
temperature. In some experiments made by 
Bredig, 2 5 e.e. of colloidal platinum solution 
(containing 0*17 milligram of platinum) were 
shaken with electrolytic gas, with the following 


results : — 

Time in 

Decrease in tho 

Decrease per 

minutes 

. volume of gus 

minute 

10 

17 ‘8 e.e. 

1*78 

20 

35 8 „ 

1 80 

30 

54 8 „ 

1-90 

40 

72*4 „ 

1-70 

50 

00-2 „ 

1 78 


The average of tho figures in tho last column 
is a measure of the catalytic efficiency of the 
colloidal platinum in the early stages of its 
activity. The same colloidal platinum was 
then shaken intermittently during 14 days 
with tho mixture of hydrogen and oxygen, 
about 10 litres of which disappeared in this 
time. Not only is the contrast between the 
minute quantity of the catalyst and the extent 
of the induced change sufficiently striking, but 
a determination of the actual rato of disappear- 
ance of the gas at. the end of the 14 days showed 
that the rate of decrease, measured ovor succes- 
sive 10-minute intervals, was 2’02, 1’87, 1’95, 
1*97, and 2 01 c.c. per minute. From these 
figures it is obvious that the catalytic efficiency 
of the colloidal platinum is unimpaired, in 
•connection with this case, however, the objec- 
tion might bo raised that hydrogen and oxygen 
•do not combine at the ordinary temperature, 
and that the platinum ought to lie regarded, not 
as accelerating a change which would take place 
in its absence, but as actually initiating the re- 


action. The answer is that at 500° hydrogen 
and oxygen combine with appreciable rapidity 
in the absenco of a catalyst, but that, in view of 
tho large temperature coefficient of reaction 
velocity, tho rate of union naturally becomes 
insignificant even at 400°, whilst at ordinary 
temperatures the two gases appear not to react 
at all. There is, however, no reason to suppose 
that there is a definite temperature below which 
absolutely no combination takes place. 

Tho more faet that the amount of a catalyst 
may ho almost infinitely smull compared with 
tho amounts of the substances changed under 
its influence, shows that the final state of tho 
reactive system must be independent of the 
catalyst ; m particular, if the accelerated re- 
action is icversible, tho state of equilibrium 
finally at (.aims l must be the same as when no 
catalyst is present. The catalyst, that is, 
influences only the rate at which the condition of 
equilibrium is reached, not the position of equili- 
brium itself. Experimental evidence in favour 
of this proposition is supplied by Turbaba’s 
investigation of the relationship between uide- 
hydo and paraldehyde. The conversion of 
paraldehyde mto the equilibrium mixture, 
which at 50*5° contains 33 '9 p.c. aldehyde, iB 
accompanied by an expansion, and the course 
of the change may therefore be followed by 
means of a dilatometer. Various substances 
accelerate the change, but the difference between 
the initial and final volumes, as shown by the 
following figures, is independent of the nature 
and the amount of the catalyst : — 


Catalyst 

Por cent, of 
catalyst 

Percentage incri 
of volume 

Sulphur dioxide 

0-08 

8 20 

,, ,, 

0 07 

8 ’34 

tt ,, 

0'002 

8 19 

Zinc sulphate 

27 

8’13 

Hydrochloric acid 

0-13 

813 

Oxalic acid 

0*52 

8’27 

Phosphoric acid 

0 54 

810 


If the position of equilibrium in a reversible 
reaction is independent of the catalyst, then K, 
the equilibrium constant, must be similarly 

independent. Further, since K— , where 

k x and k,. are tho velocity coefficients of the 
forward and back reactions, it follows that the 
catalyst must accelerate the forward and tho 
back reaction m tho same proportion. This has 
been demonstrated in connection with tho 
catalytic offect of acids on the action between 
an acid and an alcohol and the rovorse change. 
It should further be pointed out that the 
amount of energy transformed during a chemical 
change, being dependent only on the initial and 
final states of the system, is independent of the 
Lcatalvst. The latter may be compared to the 
oil which facilitates the sliding of a weight down 
an inclined plane, without affecting tho total 
energy derivable from the fall of tho weight. 

Another point of great interest is the relation- 
ship betwoen the value of the velocity co- 
efficient for a given reaction at a given tempera- 
ture and tho concentration of the catalyBt, 
In many eases tho relationship is a linear one. 
The rate of inversion of sucrose by acids, for 
instance, is proportional to the concentration of 
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the hydrogen ions, providod that this concen- 
tration is low ; on tho basis of this proportion- 
ality, in fact, it is possible to calculate the 
velocity of inversion by dilute acetic acid from 
the velocity observed with dilute hydrochloric 
acid. In other eases, however, the relationship 
between reaction velocity and concentration of 
catalyst is not a linear one. The decomposition 
of hydrogen peio\ide under the influence of 
colloidal platinum is an illustration of this. 
The course of the decomposition can be followed 
by extracting a definite vulume of the reaction 
mixture from time to time and titrating with 
potassium permanganate The course of the 
change is in harmony with the formula foi a 
uuimoleeular reaction, and for such coneentia- 1 
fcion of platinum a definite value of L, the 
velocity coefficient, can be obtained The 
following table, contains the values of /.- cone- 
s ponding to various concentrations of platinum : — 


Platinum concontiatiou k 

210,. 10-“ 0-072 

10 5 a JO- 0 0 024 

6 2 X 10—° 0 00S4 

2*0x10-“ 0 0027 


Frurn these figures it appears that when the 
concentration of the catalyst is doubted, the 
velocity of decomposition is trebled 

Catalysis and the lair of man* ad am — -The 
general characteristics of catalysts have been 
discussed in the foregoing paiagiaphs, but it 
must be admitted that the phenomena associated 
with catalysis aie frequently more complex than 
has been suggested. 1 1 a ppears that tbe i atulyst 
often works in such a way as to mask the opera- 
tion of the law of mass action altogether 
Although a detailed discussion of these peculi- 
arities of eatalylically acceleiated reactions is 
not possible here, a brief considciation of some 
typical cases will be found useful 

An investigation has been made of tbe rate 
at which sulphur dioxide and oxygon unite in 
presence of platinum (.svv Boden, stein, Zeitseh. 
physikaJ Cheni. 1907, (10, I), and the results 
bIiow that the velocity of union is independent 
of the oxygen concentration (except when it. is 
extremely small), proportional to the concen- 
tration of sulphur dioxide, and inversely pro- 
portional to the square root of the trioxide con- 
centration. This behaviour is obviously quite 
different from what would be expected under 
the law of mass action. The explanation 
adopted by Bodenstein is that the factor which 
really determines the velocity of reaction is the 
rate of passage of the sulphur dioxide through a 
layor of sulphur trioxide, absorbed at tbe surface 
of the platinum From tins point of view, what 
is measured is a diffusion velocity, not a reaction 
velocity, for it is supposed that the sulphur 
dioxide and the oxygen, when they have reached 
the platinum, react with great rapidity Boden 
stein has further shown that the rate of union of 
the two gasee under the influence of other 
catalysts is governed by the same factors. Not 
only so, but it has been found that the rate of 
change m many other heterogeneous catalytic 
reactions is, in all probability, determined by 
the physical process of diffusion. This is the 
ease with the union of hydrogen and oxygen in 
contaot with heated porous porcelain [see. Bone 
and Wheeler, Phil. Trans. 1906, 206, 1) ; in this 


instance, the rate of union of the gases appears 
to bo determined to a large extent by the rate 
of occlusion of hydrogen. 

Additional support of the view that the 
volocity of a heterogeneous catalytic reaction 
may be determined mainly by a diffusion process, 
is furnished by the relatively low value of the 
temperature coefficient in these eases. As 
al toady indicated, the velocity of a homogeneous 
chemical reaction is doubled or trebled for every 

1 rise of 10°, but the value of — — for a lietero- 

geneoiis reaction i,s frequently not much greater 
tlmn tiie value (about 1\'J) we should expect if 
the rate of reaction weie determined by a 
diffusion velocity alone 

Among the most important catalytic re- 
actions are those whi< h take place under the 
influence of enzymes. These catalysts are able 
to piomote changes in organic matter winch, in 
their absence, ean be* effected only with great 
difficulty. There is a close analogy between 
enzymes and oidmaiy inorganic catalysts, but 
it is frequently lound that, owing to the opera- 
tion of vaiious laetois, the course of a reaction 
which takes place under the influence of an 
enzyme, deviates eonsideiably from what we 
should expect on the basis oi the Jaw of mass 
action In the inversion of sucrose by mvertase, 
foi example, the velocity coefficient, calculated 
by the formula tot a uni molecular reaction, 
increases with the time (Brown, (diem. Boo. 
Trans 1902, 1176) This is shown by the 
following table, which refeis to the inversion of 
a 9 48 p c sucrose solution at 60° ; the symbol 
i stands for the fraction of the total sucrose 


inverted by time t 

-- 

r 108 ! 1 * 

t nun. 

X 

30 

0*266 

0 00446 

04 

0 609 

0 00483 

120 

0 794 

0-00671 

180 

0-946 

0 00698 

240 

0*983 

0-00737 


The depaituie fiorn the law of mass action 
becomes still clearer when experiments are 
made in which a constant amount of mvertase 
is allowed to act for a given time on varying 
amounts of sucrose in a constant volume of 
solution »Sueb experiments show that the 
enzyme, instead of inverting a constant fraction , 
as required by the law of mass action, has in- 
verted a constant urnjht of sucrose m the given 
time ; only when the quantity of sucrose is very 
small is the law of mass action obeyed. 
In the hydrolysis of starch by diastase, and of 
milk sugar by lactase, it is similarly found that 
the amount of change induced by the enzyme is, 
for the initial portion of the change, a linear 
function of the time (see Brown and Glcn- 
dinning, Chem. Sue. Trans. 1902, 81, 388 ; E. F. 
Armstrong, iToe. Rov. Boo. 1904, 73, 600); the 
later portion of the change, when tho amount of 
catalyst is larger relatively to the amount of 
carbohydrate, conforms to the law of mass action. 

Another peculiarity about enzyme action, 
which is frequently observed, is that the activity 
of the enzyme does not remain constant through- 
out the whole course of the change which it 
induces. In tho hydrolysis of amygdalin by 
emulsin, and of milk sugar by lactase, the 
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products of reaction seem to exert a specific 
influence in putting the enzyme out of action 
(see Tammann, Zcitseh. physikal. Ciiern. 1892, 
10, 271 ; Armstrong, Froc. Roy. Soc. 1904, 73, 
500). This is indicated by the regular falling 

olf in the value of ^ log j~— - as the reaction pro 

ceeils, that is, as the products of the reaction, 
accumulate. 

HecJuinwni of catalysts. — Many theories have 
been advanced as to the way in which a catalyst 
exerts its influence. According to one very 
commonly accepted view', a catalyst is effective 
because it combines with the substrate, and this 
intermediate compound then breaks up into the 
final products ol change, the catalyst being 
liberated. Obviously, if this account of cata- 
lytic change is to give an adequate inteipreta- l 
tion of the phenomena, it must be supposed that 
the formation and decomposition of the intei - 
mediate compound together require a shorter 
time for their occurrence than the dnect change 
itself. There is a good deal of evidence, largely 
of an indirect kind, m favour of the view that 
combination takes place between catalyst and 
substrate. The increased stability of inverLase 
in presence ol suciose, the specificity ol enzymes, 
and the occurrence of a linear portion in the 
time curve for the hjdiolysis of sugars, are facts 
winch contribute to this evidence. In the case 
of the catalytic influence of luolybdic acid on 
the reaction between hydrogen peroxide and 
hydrogen iodide, it has been definitely slrown 
that combination takes place between the 
molybdio acid and the hydrogen peroxide. 
Aluminium chloride also, well known as a 
catalytic agent, forms definite compounds with 
the substances the reactivity of whuli it 
promotes. But although we may frequently 
assume tho very probable formation of inter 
mediate compounds in enzyme action and cata- 
lysis generally, it is quite impossible, in many 
cases, to specify the nature of these compounds. 

There are, moreover, many eases in winch 
the efficiency of a catalyst depends almost 
certainly on something else than the formation 
of intermediate compounds. The investigation 
of non-homogeneous catalytic inactions, such as 
the combination of sulphur dioxide and oxygen 
under the influence of platinum, or the union of 
hydrogen and oxygen under tho influence of 
porous porcelain, has led to the conviction that 
in these cases occlusion or adsorption of the re- 
acting substances occurs at tiro surface of the 
catalyst, and that the higher concentration of 
the reagents thus secured is responsible for the 
greater velocity of reaction. It is possible to 
interpret enzyme action also on this basis, for 
the solution of an enzyme is, strictly speaking, a 
non-homogeneous system. 

Bibliography. — Chemical Statics and 
Dynamics, J. W. Mellor; Thermodynamics 
of Technical Gas Reactions, F. Haber ; 
Nature of Enzyme Action, W. M. Bayliss ; ' 
Cantor Leotures (Royal Society of Arts), 1918. 

j.c. Philip. j. c. p. : 

Catalysis in Industeial Chkmistey. 

Within tho last two decades the applications of 
catalysis in industrial chemistry have undergone 
remarkable developments. Many oatalytio pro- 1 


i cesses are now in operation on the largo scale 
for the production of both inorganio and organic 
substances, and the steadily increasing amount 
of research work done in this field of investiga- 
tion will, without doubt, lead to the introduc- 
tion of many other methods of manufacture 
based upon the influence of catalytic agents. 

Methods of preparation of inorganic sub- 
stances m which catalysts are employed are as 
, yet comparatively few, but amongst them are 
, included processes for the production of such 
indispensable materials as hydrogen, chlorine, 
sulpliuiic acid, amiuoma, and nitric acid. In 
order to meet the growing demand for pure 
hydrogen various methods for the production 
of that element from water have been worked 
out, and several of these aie based upon the 
fact that in presence of smtablo catalystB steam 
and carbon monoxide interact at moderately 
high tompciatu res with tlie formation of hydrogen 
and carbon dioxide, which, of course, can be 
easily separated. Iron or oilier metals of the 
iron group serve as catalysts ; when the former 
is employed its activity is increased by the 
addition of small quantities of ‘ activators,’ such 
as potassium hydroxide, or by using it m tlie 
form of an iron-copper couple. Tlie reaction 
between steam and carbon monoxide may also 
be dice ted in presence of heated lime, pre- 
ferably containing a small admixture of iron, 
or ol a mixture of lime and I’liareoal. 

ChUrrme may be prepared eatalytically by 
the well-known Deaton process, in which hydro- 
chloric acid is oxidised by atmospheric oxygen 
in pioscncc of cupric chloride at a tempera- 
ture of about 400° ; and also by the method duo 
to Hargieuves and Robinson, in which the re- 
action between sodium chloride, sulphur dioxide, 
and oxygen, which results in the formation of 
sodium sulphate and chlorine, is promoted by 
the piesenec of a catalyst- such as cupric oxide. 

In tho contact process for the manufacture 
of sulphuuc acid the primary reaction, viz. the 
formation of sulphuric anhydride by combination 
| of sulphur dioxide with oxygen, is eifeeted 
through the agency of platinum, although 
ferric oxide is also used as a catalyst. In the 
former ease very complete preliminary purifica- 
tion of the gases is essential, since various im- 
purities, and especially arsenic, even in minute • 
quantities, quickly ‘ poison ’ the catalyst and 
impair or destiny its activity. 

The synthesis of ammonia is now carried out 
on a very large scale, since it has been dis- 
covered that when a highly compressed mixture 
of mt-rogen and hydrogen is passed over a 
catalyst maintained at a temperature of 500°- 
600° the proportion of ammonia produced is 
sufficiently great to make the process remunera- 
tive. Even under the most favourable condi- 
tions most of the mtrogen and hydrogen remain 
uftcombined, hence it is necessary to adopt a 
continuous process in which tho residual gases 
are again passed over tho catalyst*aftor removal 
of the ammonia. Many different metals and 
other substances, e.y. metallic nitrides, have the 
power of catalysing this reaction, but it is 
understood that iron is employed in practice ; 
the metal iB in a fine state of division and 
rendered active by the addition of a promoter. 

When a mixture of nitrogen with oxygen 
or air is passed over a suitable catalyst at 
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temperatures of 500° and upwards nitric oxide is 
formed; exoess of oxygen converts this compound 
into nitric peroxide, which, when dissolved in 
water, yields nitric acid and nitric oxide. The 
catalytic method of manufacturing nitric acid 
from ammonia is based upon these reactions. 
Originally platinum was used aH the catalyst, but 
it has been found that iron activated with small 
quantities of bismuth or other substances is 
also very efficient. The mixed gases are passed 
over the heated catalyst with high velocity, 
hence a relatively small contact chamber 
suffices for the oxidation of comparatively large 
quantities of ammonia. So far as expenditure of 
power is concerned, this process is much more 
economical than the arc process, in which 
nitrogen and oxygen are caused to combine 
directly at a very high temperature. 

Catalysts are also utilised m the manufacture 
of graphite from charcoal or coke in the electric 
furnace ; in the preparation of carbon tetra- 
chloride ; in the elimination of carbon disulphide 
from coal gas ; in the production of sulphur by 
limited combustion of sulphuretted hydrogen 
in the Claus kiln ; in the preparation of sulphur yl 
chloride, of hydrazine, and of aluminium nitride ; 
and in the electrolytic processes for the pre- 
paration of h/UMjehlorilcs, chlorates , and per sul- 
phates, and for the regeneration of clnomic acid. 
Moreover, it is claimed that they may be used 
with advantage in makuig sodamide, and in the 
manufacture of alkali cyanides by the action of 
nitrogen on heated mixtures of alkali carbonates 
and charcoal. 

Largely as a result of the pioneer work of 
Sabatier and Senderens catalytic methods are 
likely to become of great importance in the 
domain of organic chemistry. Tlius, for instance, 
hydrogen has been found avadablo for many 
operations of reduction and of hydrogenation 
when used along with various catalysts, in 
the former class of reactions nickel is in general 
very effective, but as it is sensitive to * poisoiiH,’ 
particularly the halogens, care must he taken 
that both the hydrogen and the substance to 
bo attacked must be freed from such impurities. 
Palladium and platinum, especially when in the 
colloidal state, are very active catalysts of such 
reactions. The operations may bo carried out 
either at the ordinary or at increased pressuro, 
and either at such temperatures tliat the 
reactmg substances are vaporised, or at the 
ordinary temperature with the substances in 
tbe liquid state or in solution. ‘ Among reducing 
actions of importance carried out at high tem- 
peratures may bo mentioned the production of 
methane from carbon monoxide or dioxide, the 
preparation of aromatic amines from nitro 
compounds, and the reduction of aldehydes and 
ketones to alcohols. In the reduction of nitro 
compounds copper, either alone or with the 
addition of an activator, is an effective catalyst, 
but may be replaced by iron, nickel, silver, or gold. 
The hydrogeit may be used by itself or mixed 
with steam, and in place of hydrogen mixtures 
of carbon monoxide and steam may be employed. 

The preparation of indigo white may bo 
quoted as an example of reduction at the 
ordinary temperature. Indigotin, suspended 
in a solution of sodium hydroxide, is rapidly re- 
duced by hydrogen at 60°-80° in presence of 
active nickel; the catalyst is easily removed 
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by filtration, and the solution of indigo white 
thus pioduced has the advantage of being free 
from any excess of the reducing agent. The 
process is applicable to the preparation of leuoo 
derivatives of other vat dyes. 

With nickel as catalyst the addition of 
hydrogen to unsaturated compounds, when in 
the state of vapour, is easily effected. Ethylene, 
for example, is readily converted into ethane 
at 200°, and the preparation of hoxahydro 
derivatives of benzene and other aromatic 
compounds is carried out witli little difficulty. 
In solution, and especially in presence of 
colloidal platinum or palladium, various alkaloids 
have been converted into hydio derivatives, 
which may prove of value medicinally, and a 
most useful application of the process of hydro- 
genation is the ‘ hardening of fats,' i.c. the con- 
version of oils or liquid fats into solid fats. 
This hardening process depends essentially upon 
the production of the solid glyceride tristearm 
by addition of hydrogen to the liquid glyceride 
triolein. Nickel is usually employed as the 
catalyst, but the oxide of nickel has also been 
leeomnicmled, and the use of a number of other 
I metals (particularly those of the platinum group) 
and of their compounds bus been patented. 

A number of processes, in which reduction is 
effected by agents other than hydrogen, arc 
also promoted by various catalystH. For 
example, m the reduction of azobenzene with 
sulphurous acid, the presence of a trace of 
hydnodie acid has a most beneficial effect, and 
the remarkable discovery lias been made that 
the reduction of certain dyes with hydrosulphites 
or formaldehyde-sulphoxy lates is greatly pro- 
moted by the addition of small quantities of 
certain other dyes. Moreover, in a number of 
electrolytic reduction processes, the presence of 
catalysts is advantageous ; thus the electrolytic 
reduction of nitro-, mtroso-, or azo- compounds 
is facilitated by the addition of titanous salts, 
in very small quantity, to the liquid. 

' Many processes of oxidation are also induced 
or accelerated by catalysts. A well-known 
example of direct oxidation is the production 
of foimuldehyde by passing a mixture of the 
vapour of methyl alcohol and air through a tube 
containing heated copper or platinum. Acelal- 
de.hydc is rapidly and smoothly converted into 
acetic acid by the action of a current of air if 
a little manganous acetate is dissolved in the 
aldehyde. Anlhraquinone may be obtained by 
heating anthracene with oxygen, under pressure, 
if some cupric oxide or other catalyst is also 
present. In oxidations with sulphuric acid, as, 
tor instance, the preparation of pMhalic acid 
from naphthalene:, the velocity of the reaction 
is in many cases greatly increased by the 
addition of small quantities of mercury or 
copper. If catalysts are present solutions of 
alkali chlorates readily act as oxidising agents 
in many cases where otherwise the reaction 
takes plaee slowly or not at all ; thus a trace of 
vanadium pontoxide haB a most advantageous 
effect in the preparation of aniline black by 
oxidising aniline with these reagents. Hydrogen 
peroxide is a. most valuable oxidising agent for 
many hydroxy compounds if traces of ferrous 
Halts are also present, and some processes in 
which oxidation is effected through the agency 
of nitrobenzene, e.g. the manufacture of magenta, 
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are promoted by the addition of ferrous salts 
whion aot catalytically as oxygen carriers. 
Moreover, eleotrolytio oxidation is frequently 
accelerated by catalysts; for example, in this 
method of preparing anthraquinone, a little ceric 
sulphate or chromic acid is addod to the sul- 
phuric acid in which the anthracene is suspended. 

Catalysts are capable of promoting processes 
of dehydrogenation as well as of hydrogenation. 
For instance, an excellent method of obtaining 
acetaldehyde consists in passing the vapour of 
ethyl alcohol over copper heated to about 800°, 
and in a simdar manner ketones may bo pre- 
pared from secondary alcohols, e.g. camphor 
from bomeol, with satisfactory results. Hydro - 
carltoits also are dehydrogenated at compara- 
tively low temperatures m presence of metals 
such as copper, nickel, or iron, and in this 
connection it Bhould be noted that a number of 
patents have been taken out which cover the 
employment of those and other catalysts in 
the ‘ cracking ’ of petroleum for the production 
of motor spirit, benzene, &c., from heavier oils. 

Other reactions in which catalysts are 
effective include the hydration and the dehydra- 
tion of organic compounds. An example of 
hydration is the preparation of acetaldehyde by 
inducing the combination of acetyleno with 
water, which is earned out by passing a current 
of the gas into an aqueous solution of an acid in. 
presence of a mercury salt which acts as the 
catalyst. The hydrolysis of csterH, which may 
also be included in this category, finds practical 
illustration in the hydrolysis of fats into free 
fatty acids and glycerol by the action of water 
containing a small quantity of a catalyst, c.g. 
sulphophonyl, stearic acid. Dehydration is exem- 
plified by the catalytic preparation of ethylene 
and other unsaturated hydrocarbons. Ethyl 
alcohol breaks down into ethylene and water 
when its vapour is passed over alumina healed 
to a temperature of 300°, and lsoprene and other 
hydrocarbons of the same series can be obtained 
by a similar dehydration of dibydric alcohols. 
The catalytic influence of mineral acids in 
accelerating the formation of esters by the 
interaction of organic acids and alcohols is 
well known, and it lias been found that acetalde- 
hyde and ethyl alcohol readily react with forma- 
tion of acetal m presence of calcium cldoridc and 
a trace of hydrochloric acid. Moreover, in 
many of the procosscs grouped under the heading 
‘ condensation,’ which find such extended 
application, there is no doubt that the con- 
densing agent plays the part of a catalyst. 

Much spaco would be required if an attempt 
were made to illustrate all the other kinds of 
reactions of organic compounds which are 
favourably influenced by catalysts, and it must 
suffice merely to indicate the employment of 
these agents in connection with the following 
operations : Tho preparation of aromatic 
hydrocarbons, e.g. of toluene by the action of 
methyl chloride on benzene in presence of 
aluminium chloride ; the preparation of halogen 


derivatives of both arom&tie and fatty com- 

E ounds, when various catalysts known as 
alogen carriers are of the greatest service ; 
the preparation of sulphonio acids derived 
from benzene and other hydrocarbons, from 
pyridine, &c. ; the preparation of derivatives 
of amines or of amino- compounds, particularly 
of those m which aromatic radicals are intro- 
duced into the amino- group, e.g. the production 
of phenylanthranilic acid, which is easily 
effected by tho addition of a small quantity of 
coppor powder to a boiling solution of o-chloro- 
bonzoio acid in aniline j the preparation of 
certain diazo- compounds, and the replacement 
of the diazo- group by tho chlorine, bromine, or 
cyanogen radical ; the preparation of aldehydes 
and ketones, of bcnzaldehydefrombenzykdone 

chloride or directly from benzene, and of acetone 
from acetic acid ; the preparation of certain 
sulphur compounds, in which category the 
important methods of vulcanising rubber may 
be included. Moreover, in many cases, intra- 
molecular 1 carrangements and polymerisations 
are accelerated by catalysts. The transforma- 
tion of hydra/.obenzene into benzidine under the 
influence of a strong acid, is a familiar example 
of the former class of change, whilst the latter 
is exemplified in tho synthesis of various kinds 
of rubber by the polymerisation of butadiene 
and its homologues, which is promoted by the 
presence of sodium, acetic acid, and otlior 
catalysts, and in the conversion of acetaldehyde 
into para-acetaldchyde, ethyl acetate, or aldol. 

Finally, it must be noted that a number of 
very important operations, for example, the 
manufacture of etliyl alcohol, are carried out 
through the agency of that group of catalysts 
produced by living organisms which are known 
as enzymes. In many respects the action of 
enzymes is similar to that of inorganic catalysts, 
and especially to that of colloidal platinum or 
palladium, but is specific in the sense that a 
definite enzyme is required to bring about a 
particular transformation. G. G. H. 

CHERRY. Tho fruit of Pranas avium (sweet 
cherry) or P. cetasus (Morelia cherry). There 
are many varieties. Konig gives, os the com- 
position of ordinary cherries : 

Other 

Free J avert Satvli- carbo- 

Water Protein acid sugar arose hydrates Fibre Ash 

800 1*2 07 8-9 0-5 1‘8 5 ‘8 0‘5 

Included in tho carbohydrates is O'O-l’O p.c. 
of pentosans ‘(Wittreaun, 1901). A more 
detailed examination by Koim (Zeitsch, anal. 
Chem. 1891, 30, 401) showed that in tho unripe 
fruit of P. cerasus, citric, malic, and succinic 
acids were present ; that cane sugar was present, 
but diminished greatly as the fruit ripened The 
ripo fruit contained no succinic acid, but malic 
and citric acid equal to 0 46 p.c. expressed as 
malic acid, were present, and the sugars were 
dextrose, lcvulose, and traces of inositol. Shaw 
(Expt. Station Record, 1899) found, as the mean 
of the analyses of 13 varieties of cherries : 


Average 

weight 

•Whole fruit 

Flesh 


In the flesh 


Flesh 

Stone 

Julco 

j Residue 

Water 

Protein 

Sugar 

Ash 

5 ‘29 grains . 

93‘9 

G‘l 

86‘4 

130 

81‘3 

0, 

11-2 

j 0*5 l 
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Koujg gives, as the moan of many analyses 
of cherry juioe : Sp.gr. 1*0737; total solids, 
19*4; BUgar, 12‘8; protein, 0 '42; free acid, 0 ‘76 ; 
tannin, 0*09 ; ash, 9 *55, grammes per 100 c.c. 

Kiinig gives, as the composition of the ash : 

„ 7 . , ©. % o © °«. o « o | 

Whole w m tw cj S 

fruit . .74 -8 4 4 5*8 5 4 1 *5 15 (i 5 4 5 0 1 <> 8 0 
Flesh only 50 J — 7 0 5 2 — 12 !) 

The kernels ol cherry stones contain . 

Niti ogon- 

Water Protein Put lire estuu t Filur Ash 

4 1 -0 t>*9 1 i 1 33 4 3’5 1 0 

The kernels contain about 0*82 p e. ol 

amygdulm. 

Dried i hemes contain, moulding to analyses 
by Komg and Kiaucb (Hcsli only) 

Otliei 
inu-it <arbo- 

Wutei* sugar hydrates Pi olein Pal Film* Mi 

49-9 31 2 14 il 2 1 Oil Oh 1 (* 

Willhtutler and Zollinger (Annalen, 1910, 
412, 104) foul that the colouring matter of the 
skins of cherries is kua< i/anin, the ehloiide oi 
which can be obtained m crystals containing 
either 4 mols. of water (red slender needles) 
or 31I a O (stout blown ]>nsnis) The ehloiide 
has the composition t J 2 7 l-| ;i] 0 1 6 < '1, and is icadily 
hydrolysed by boiling with hydrochloric acid, 
yieldmg eyanidiu, dextiose, and llianmose. 
Koraeyamn is thus a diglutoside ol eyamdin 
C 16 H 10 O b , a frequent constituent, of the 
colouring matter of Howei.s and irmts (e 
AtJTlCO<n ANINS. II I 

CHERRY BARK TANNIN u Tannins. 

CHERRY-LAUREL LEAVES. Laurocoiwjo 
L‘«(B.P ); leaves of l J i anus Linnoccrasus (Lum ). 

CHERRY, LAUREL OIL v Oils, Essential. 

CHERRY TREE GUM v. (in jus. 

CHERT. (Peuctftkui, Hornstcm, (Jcr.) A 
silicious mineral allied to chalcedony amt Hint. 
Similar terms are applied to hornstone and to 
any impure Unity rock, including the jaspers 
It is worked extensively fiom carboniferous 
limestone quarries in Flintshire, especially at 
Halkin and Talacre m Denbighshire, Derbyshire, 
and at Reetli m Yorkshire, it is used in 
potteries for paving the mills in which Hints aro 
ground. The following is an analysis of a 
sample from Vizzin, Sicily, given by Rieeiardi 
((Jazz chim. ital. 11, 319) : — 

Interior • 

HK) t AljjOa Pel) Cul) H a O Sp.gt. at. 22" 
06 31 oyo 0 25 0 47 2 81 - 100 * 1 4 2*572 

White ciust metamorphosed by heat 
HiO, Al a O a PeO Cal) H a <) Sp gr at 22" 
97 02 0 52 3 39 0*55 1*08-102 96 2 520 

CHESSYLITE or CHESSY COPPER. {Kup 
ferlasur, tier.) A blue oxyearbonate of copper, 
2CuC0 8 *Cu(0H) 2 , found native at Chessy near 
Lyons ( v . Coppek). # 

CHESTNUT. The sweet chestnut is the seed 
of Costarica vgsea, the horse-chestnut that of 
Maculm hippocastanum. 

Average composition : 


Pro- Carbo- 

Wutcr tern Fat hydrates Fibre Ash 
Sweet chestnuts : , 


Fresh kernels . 

28*5 

6 9 

8*0 

44*9 

1*7 

Dried kernels . 

6*8 

10*0 

10*0 

70*9 

2*7 

Spanish . 

10*0 

9*3 

7*6 

68*1 2*4 

2*7 

Horse chestnuts 

88*9 

4*8 

4*6 

46*2 8*7 

1*8 

„ (air-dried) 

14*8 

6*8 

5*1 

08*3 2*7 

2*2 


Sweet chestnuts are largely used as human 
food ; the horse-chestnut has been tried as 
cattle food, with success (Day, Ann. Agron. 1896, 
22, 401 ; Auld, J. Soc. Chora. Ind. 1913, 32, 173). 

The kernels of an aquatic plant, Trapa 
bispinosa, are extensively used as food under 
the name of water-chostnut, in the North West 
Provinces of India, being roasted and pounded 
to a Hour. Hooper (Pharrn. J. Trans. 1894, 
53, 22) found this Hour to contain : 

Sugar 

Water Protein Fat and gum Starch Cellulose Ash 
4 2 8*4 10 14*4 63*8 3*6 4*7 

The ash of the Horn contained a little man- 
ganese, which, liowevei, was abundant in other 
pai ts of the plant. 

The bark of the horse-chestnut, especially ui 
eaily spring, contains i esculm (‘ 16 H,„O a , the 
glucosiue of icseuletm C„H e U 4 . Another glu- 
coside, anjr/i atsem O i7 H 12 O j2 , occurs in the 
seeds ol the hor^c-chestnut (Roelileder, J. pr. 
Chem. 1862, 87, 1). 

Fiom the iut-free cotyledons two acids aie 
obtained, viz a\s culiv acid, ime needles, m j>. 
214" 215 , insoluble in wafer, forming yellow 
amorphous salts; and owcuIiiik acid, golden- 
yellow needles, mji, 230 -231", l.evoiotatory, 
soluble in water, forming yellow salts (Masson, 
Bull Sei Pharmacol 1918, 25, 05). 

Sweet chestnuts contain small quantities of 
resins and tannin, and included m the carbohy- 
diates me sugai, dextrin, start h, and other 
substances Very diverse amounts of these have 
been found by different observers. In the 
Jioise-ehestnut, according to Laves (Zeitseh. 
angew (’liem. 1902, 1013), theie are about 50 p.c. 
sfaieh, 14 p e. cam* sugar, 13 pe glucose, and 
0*2 p.c. tannin. H. I. 

CHESTNUT EXTRACT. The wood of the 
Spanish chestnut, Casknica ms at, though it 
contains only .‘Mr p.c ol tannin, is the source 
of the much-valued chestnut extract The bark 
contains more tannin than the wood (17 p.c.), 
but is not much used The tree, which grows to 
from 60 to 80 feet in height, is abundant in Italy, 
the South of Fiance, ami Corsica, where it forms 
immense forests, and it is also very common in 
America. 

Trimble (The Tannins), who very carefully 
examined the tannin, obtained analytical data 
and reactions which mdicated that it was 
identical, or nearly so, with gallotanmn, but it 
is probable that this wood also contains traces of 
a catechol tannin, for a certain quantity of a red- 
eolounng matter is also present, which resembles 
m character a plilobophane. Some writers have 
suggested that chestnut tannin is a methyl ether 
of ordinary gallotanmn, but theie is apparently 
no definite evidence in support of this theory. 

Chestnut is employed almost entirely in tko 
form of extract, the strength of which varies, but 
usually contains from 26 to 32 p.c. of tannin. 
The extract is frequently decolourised, and some- 
times mixed with quebracho extract and other 
materials. Chestnut tannin is the tannin 
which is most largely employed for the dyeing 
of silk. Costarica vcsca appears to be frequently 
confused with the horse-cheBtnut, JCsculus 
hippocastanum. Tho tannin derived from this 
latter is, however, of little or no practical value 
(cf. Poliak, Collegium, 1913, 6, 291 ; J. Soc. 
Chem. Ind. 1913, 32, 706). A. G. P. 
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CHIAN TURPENTINE v. Olko-restxs. 

CHICA RED AND CARAJURA. These are rare 
pigments prepared by the Indians of Central 
Amorica from species of Bignonia which are very 
similar in appearance and may contain as a 
basis the same colouring matter. A red pig- 
ment of this character, evidently ‘ Ohiea reel,’ 
is referred to in The Travels and Researches of 
Baron Hum bolt (Macgilivray, Edinburgh, 1836, 
p. 229) : ‘ Red pamt is the ordinary decoration 
of these tribes. The most common kind is 
obtained from the seeds of tho Jiixa- orcllana 
and is called annotto, aehoute, or roueou. 
Another more expensive sjiecies is extracted 
from the loaves of the Bignonia chica.' Accord- 
ing to Crookes (Dyeing and Calico Printing, 
1874, 388) ehica is obtained from tho loaves of 
the B chica which the Indians boil with wator, 
and add some particles of tho baik known as 
‘ aryano ’ to the decanted liquid which causes 
tho precipitation of the colouring matter. 

An interesting uind of what is known of 
this subject is given by Jlolmos (Charm. J, 
1901). who states that preparations very 
similar to carapira are employed by the South 
American Indians in Brazil, Bolivia, and 
Cuiana Those include chica from the leaves 
of B. chica, from 1 ula ’ loaves derived from an 
unknown species of Bignonia m Bolivia, and a 
pigment prepared from the hoailwood of the 
/>* Urania m Minas (Brazil) The latter, accord- 
ing to Lee (Chem Soc Trans. 1901, 284), is 
prepared by mixing the dust and shavings of 
tins tree with slaked lime and heating the mass 
with water. From the B tecoma Lee isolated 
a considerable amount of a yellow crystalline 
compound, Iccomtn r Biononia tecoma. 

Carapira or Crapira was apparently first 
examined by Virey (dourn. do Pharmacie et 
Chimie. (3) 5, l. r )4). The sample experimented 
with, which came from Bara, was soluble in 
alkalis and was precipitated therefiom by acid, 
and is stall'd to have been prepared® by the 
Cali bis by boiling with water the stem and 
leaves of an unknown species of Bignonia when 
the latter m the autumn had acquired a purple 
colour. 

Crookes states (lor. cit.) that chica is soluble 
in 36 p.c. alcohol, in ether and m alkalis with 
a vinous red colour, and when I mated m a sealed 
tube with alkali and glucose gives a bluish-red 
liquid which becomes brown on exposure to air 
and then yields on acidification an orange-red 
precipitato. 

As the result of an examination of chica red 
or carajura said to be derived from the leaves 
of the Bignoma chica, Erdmann (Jalires. 1867, 
487) assigned to tho colouring matter which he 
isolated by extraction with alcohol tho formula 
C 8 H,0 3 . This substance was soluble in caustic 
alkali but not in alkali carbonate solutions, and 
when oxidised with chromic acid gavo anisic 
acid, whereas with nitric acid picric acid was 
produced. 

Perkin (Proc. Chem. Soc. 1914, 30, 212), who 
examined a sample of 1 carajura ’ obtained from 
Messrs. Wright, Layman, and Umney of London, 
and which is referred ’to in the paper of Holmes 
( loc . cit.), found this to contain a small quantity 
of the oaleium lako of two colouring matters 
which had either been precipitated on, or inter- 
mingled with a substance of the nature of ground 
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bark or peat. After treatment with hot dilute 
hydrochloric acid, alcohol removes the colouring 
matters in tho form of a resin, and from this, by 
means of boiling benzene, carajurin is isolated. 
This compound, to which the formula C 1S H 18 () 5 
has been provisionally assigned, separates in 
ruby needles, melting ‘at 204°-206°, is solublo 
m boiling dilute alkali with a rod colour, and is 
nearly devoid of dyeing properties. With 
mineral acids it very readily yields oxonium 
salts, crystallising in bright, orange needles, of 
which the sulphate, probably C 1R H 10 O B -H 2 8(V 
II 2 0 is the most stable, the h ydrobromid c and 
hydrochloride being decomposed at 100°. From 
the hydrochlondc a plat ini chloride can bo pre- 
pared. Cold acetic anhydride with a trace of 
pyridine, after two days, gives an almost 
colourless acetyl compound, crystallising in 
needles, whereas bromine gives an immediate 
precipitate with carapmn in acetic acid, which 
when boded with this solvent, separates in 
orange needles. Hydnodic acid converts cara- 
]urm with loss of 2 molecules of methyl iodide 
and probably also of a molecule of water into a 
subst ance provisionally termed carajnretin iodide, 
bright scarlet needles, stable in tho presence of 
cold water, and from this by moans of cold 
pyridine, emajmetiv C 18 H 12 0 B , scarlet needles, 
melting above 330°, and soluble in alkalis with 
a red dish -violet colour, is produced. By dry 
distillation carajurin evolves a trace of aromatic 
oil, resembling amsaldeliydc in odour, and when 
fused with alkali, p-hydroxyhcnzoic acid and a 
colourless substance , melting at 1 S5°— 187°, as 
yet unidentified, are obtained. Tn many 
respects carajurin resembles the anhydro- 
hydroxy benzopyranol compounds described by 
Bulow and Wagner (Bor. 1901, 34, 1199). 

That portion of the alcoholic extract insoluble 
m benzene yields to ether carajuronc, isolated 
as a scarlet powder, which readily assumes a 
beetle-green lustre, and possesses strong dyeing 
properties Analysis indicates tho presonco of 
more oxygen in this compound than in carajurin. 
A small amount of a similar, but brighter lake 
from British Guiana, and obtained from tho 
loaves of a ‘ bushrope,’ gavo a colouring matter 
dyoing ali/.arin-liko shados. This preparation, 
considered to be ‘ chica red,’ appeared to differ 
m somo respects from the ‘ carajura ’ above 
described. 

Bignonia Tecoma. Tecomln. (g.v.) 

A.G.P. 

CHICAGO BLUE, -ORANGE, v. Azo-colour- 

INO MATTERS. 

CHICKPEA. Cicer aridinvm, L. A legumi- 
nous annual, growing to a height of about 2 feet, 
largely cultivated in India, where its seeds are 
used as food for cattle and horses, and, after 
the removal of the husks, for man. 

In some cases tho young leaves, fried in oil, 
tyre also eaten. Church (The Food Grains of 
India, 1886) gives, as tho average composition 
of tho soeds : 

Soi.carbo- 

Wator Protein Pat hv<l f ates Fibre Ash 

With husk 11-2 ID S 4-6 63*8 7*8 31 

Husked . 11 *5 21 *7 4 2 69-0 DO 2*6 

Analyses of various parts of the fresh plant 
were made by Passcrini (Staz. Sper. Agrar. 21, 
20 ; Chem. Soc. Abstr. 1893, ii. 226). 

The fresh substance of the stems, leaves, and 
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entire podB contained 27*54 p.c., 24*39 p.c.,*and 
19*85 p.o. of dry matter respectively. 

The dry matter of the stems, leaves, and 
seeds contained : 





Cellu- 

Other carbo- 



Protein 

Fat 

lose 

hydrates 

Ash 

Nitrogen 

Stems 

6*35 

1*8 

35 0 

49*0 

7*81 

1*62 

Leaves 

14*21 

4*1 

13*9 

58*9 

8*83 

2*27 

Seeds 

26*20 

5*2 

1*7 

63*6 

3*30 

4*19 


The ash contained : 


g, «- ? n j °c c? o 

Stems 48*4 0*5 23*6 4*4 2*1 0*03 5 3 5*8 6*2 3*7 

Loaves 29*0 0*9 40*6 3*3 3 0 — (5 0 4*4 1 1 *3 1 *8 

Seeds 24 0 1 3 4 5 20*02*4 — 39*0 3*4 0*7 2*9 

Traces of boron, lithium, and copper were 
also present in the ash 

A detailed analysis of the dry matter of the 
seeds was made by Z Intaro ft (Zeitsh. Nahr. 
Genussm. 1910, 31, 180), who found — fat, 0*30 
p.c., starch 50*32 p c., fibre 3*02 p e., ash 2*87 p.e., 
total nitrogen 3*34 p.e., protein nitrogen 2*11 p.e., 
nuclein nitrogen 0*10 p.c., ammonia nitrogen 
0*10 p.c., amide nitrogen 0*01 pc., amino-acid 
nitrogen 0*12 p c. ; total phosphoric acid 0*998 
p.c., inorganic phosphoric acid 0*118 p.e,, 
organic soluble phosphoric acid 0*244 p.c , 
lecithin phosphoric acid 0*142 p c., protein 
phosphoric acid 0*480 p.c. Oxalic acid (0*007 p.c.), 
citric acid, betaine, choline (0*02 p.c.), adenine, 
inositol and a phytostorol were also present. 

H. I. 

CHICLE. A gum imported into the United 
States for the manufacture of chewing gum. 
A sample from Y ucatan contained : Acetone- 
soluble matter (resins) 40*0 ; gutta and carbo- 
hydrates 17*4 ; proteins 0*0 ; sand and foreign 
matter 2*3 ; water 35*0 ; ash 4*7 p.c. 

For analytical methods of determining its 
value, see Danncrth, J. lnd. Eng. Oliem. 1917, 9, 
679 ; «T. Soc. Chcm. Ind. 1917, 971. 

CHICORY or SUCCORY. C ichor ium Jniyhus 
(Linn.). A poronnial plant belonging to the 
Comyositcp, growing to a height of about 3 feet, 
bearing blue flowers and having a long tap root. 
It is sometimes grown as cattle food, the foliage 
being thus used, but moro generally it is culti- 
vated for the sake of its root, which, when driod, 
roasted, and ground, is largely uBed for mixing 
with coffee. The blanched loaves are also used 
as a salad. 


According to Letheby’s analysis (quoted by 
Wynter Blyth, Foods, 369, 1909), fresh chicory 
roots contains : 


- 


Bitter 

Cellulose, 



dummy 

extrac- 


inulin. 


Water 

matter Clucosc tlve 

Fat and fibre 

Ash 

77*0 

J7*5 1* 

1 4*0 

0*6 

9*0 

0*8 

Analyses by Mayor (Bied. 

Zentr. 

1885, 828) 

gave : 

Albu- 



Bitter 

, 

Water mlnoids Fat 

Inulin Fibre Sugar extract 

Ash 

72 

1*1 U*2 

12*0 1*4 

5*6 

0*5 

1*4 

to 


to to 

to 

to 

to 

77 


17*3 1*8 

6*0 

0*15 

1*9 


Wolff (Chem. Zentr. 1899, ii. 211) also found 
that chicory root contains from 13 to 15 p.c. of 
inulin, and an optically inaotive sugar, synan- 
throse. He states that drying the roots has 
little or no effect upon the sugars, but during 


roasting the reducing sugars are increased, a 
largeportion of the inulin is changed, and caramel 
and dextrin are formed. 

Even by storing a portion of the inulin is 
converted into inulide and some of the less 
readily fermented inulides undergo further de- 
gradation and are converted into the more 
readily fermented inulides. Wolff (Compt. rend. 
1916, 164, 514) finds a substance which he calls 
i'w ulo-coagulase in tbo root, which coagulates 
the inulin in the expressed juice. It is more 
abundant in the outer than in the central 
portions of the root and is destroyed by heating 
to about 00°. It docs not coagulate starch, 
milk or pectin. In a later paper, Wolff and 
Geslin (Compt. rend. 1917, 165, 651 ; 1918, 166, 
428) state that inulin breaks down, under the 
influence of an enzyme present in chicoiy root, 
to lovulose with intermediate formation of 
inulides. 

The bitter principle is believed to be a 
glucoside of lovulose and a pyrocatcohuie 
derivative, probably the aldehyde (Grafo, 
Biochem. Zoitsch. 1915, 68, 1). The determina- 
tion of cupric reducing power affords a means of 
detecting the present;!* of clneory in coffee. The 
extractives of roasted coffee contain from 1 *9 
to 2*6 p.c. of reducing sugars, whilst the ex- 
| traetives of roasted chicory contain from 26*2 
to 27*7 p.c. When tho extractives of a coffee 
decoction yield more than 3 p.c. of their weight 
of reducing sugars the presence of chicory is 
indicated. The addition of cane sugar to tho 
coffee does not affect the results and its prescnco 
may be detected by the polarimeter. 

The presence of beetroot in ground chicory 
may be detected by washing the suspected 
sample with sodium hypochlorite solution until 
all soluble colouring matter has been removed, 
when the particles are to bo examined under the 
microscope. If beetroot is present the particles 
will be seen to contain numerous black cells 
filled with crystals of calcium oxalate. The cells 
are oval or elongated and are moro numerous 
near the ligneous vessels of the woody portion 
of the root (Golhn. Ann. Falsif. 1916, 9, 271). 

Potermann (Bied. Zentr. 1883, 843) found 
pure roasted chicory to contain : 

Soluble in water , 74*2 p.c. 

Dextrin Colouring 

Water fllncose and Inulin Protein matter Ash 
16*3 20*1 9*6 3*2 16*4 2*0 


Insoluble in water, 25*8 p.c. 
Trotein Fat Cellulose Ash 

3*2 5*7 12*3 4*6 


The ash of chicory root and leaves, according 
to Wolff, contains : 



Leaves 60*0 0*7 3*2 14*3 — 9*0 9*0 1*0 1*7 


Wynter Blyth (Foods, 359, 1909) gives as 
the main differences between the ashes of coffee 
and chicory, the following : — 


Coffee ash 

Silica and sand . — 

Carbon dioxide . 14*9 

Ferric oxide . . 0*44-6*98 

Chlorine . . 0*26-1*1 

Phosphorus pentoxide 10*0-11*0 


Chicory ash 
10*7-36*9 p.o. 
1 *8-3*2 „ 

31-6*3 „ 

33-4*9 „ 

6*0-60 „ 



CHINA GRASS. 


The soluble ash of chicory may be taken as 
about 174 p.c., that of coffee as about 3*0 p.c. 

Chicory has about three times the tinctorial 
power of ordinary coffee, and this has been pro- 
posed as the basis for a rough estimation of the 
amount of chicory present in a mixture of coffee 
and chioory (Leebody, Chem. Nows, 30, 243). 

The sp.gr. at 15*5° of a solution, made by 
boiling a quantity of the substance with ten 
times its weight of water, affords a ready method 
of approximately determining the amount of 
adulteration. The following table gives the 
speoific gravities of infusions made in this wav 
from the various substances : — 


Spent tan 

. 1 00214 

Acorns 

. 1*00730 

Peas . 

. 1*00730 

Mocha coffee 

. 1*00800 

Coy Ion coffee 

. 1*00870 

Java coffee 

. 1 00870 

Costa Rica coffee . 

. 1 *00900 

Native Ceylon coffee 

. 1*00900 

Brown malt 

. 1*01000 

Black malt . 

. 1*02120 

Dandelion root 

. 1*02190 

Red boot 

. 1*02210 

Yorkshire chicory . 

. 1*01910 

Foreign chicory . 

. I *02200 

Guernsey chicory . 

. 1 *02320 

Maize . 

. 1*02530 

Bread raspings 

. 1*02030 

(quoted by Wynter Blyth, 

Foods, 300). 


Hehner and Skertehly propose a determina- 
tion of furfural (a measure of pentosans) as a 
means of examining susnected coffee, Coffoo 
gives about 5-5 5 p.c., cnicory about 2*5 p c. 
of pentosans (Analyst, 24, 1 78). H. 1 . 

CHILE SALTPETRE. Sodium nitrate ( v . 
Sodium). 

CHINA BLUE. Syn. Water Blue , Cotton Blue, 
Opal Blur v. Tkiphenylmethane colouring 

MATTERS. 

CHINA CLAY or KAOLIN v. Clay. 

CHINA GRASS. Rhea Ramie fibre. This 
substance is the fibre of two (or perhaps more) 
species or varieties of the genus Bochmeria, nat. 
ord. Urticacece, shrubs allied to the nettle 
( Ihtica ), but possessing no stings, namely, 
Boehmeria nivea (Hook and Arn.) with a white 
hairy under surface to the leaf, and B. utilis 
[B. tenacis8ima (Gaud.)] with a green (Blume) 
under surface (more or less hairy only on the 
nems) to the leaf. It is the Tchou-ma of China 
and the Rheea of Assam. The plants grow to 
a height of from throe to five feet, throwing up 
numerous straight shoots as thick as the little 
finger, and covered with short soft hairs. Its 
leaves grow upon long foot-stalks and are 
broadly heart-shaped, about six inches long 
by four broad. It is a native of China and 
Sumatra, where, as in India, it has long been 
cultivated. 

Its manufacture into mats used for making 
sails, foot-mats, &c., is carried on in Southern 
China, where three crops of Tchou-ma are taken 
each year, of which the second is the beBt. For 
this purpose the grass is sorted into bundles, 
whion are soaked in water for two or three days 
and then dried in the sun. If a red colour is 
desired, the grass is steeped in a decootion of 
sapan wood ; if yellow, in a decoction of the seeds 


and*flowers of the common Chinese plant mi-fa, 
or in one of Sophora japonica, to which a little 
alum is added as a mordant. Other vegetable 
dyes are also employed ; but of late years 
aniline colours have m a measure taken their 
place. 

By processes of manufacture an exceedingly 
fine fibre is produced on separating the filaments 
of the stalk — a fibre distinguished by its strength, 
which is nearly throe times that of Russian 
hemp ; by its length, which is greater than that 
of any bast product ; and by its lustrous, silky 
appearance. Great efforts have been made, with 
more or less success, to render tho use of the 
fibre in European textile manufactures commer- 
cially profitable. It will be seen from the fol- 
lowing remarks that there are difficulties in the 
way. In the first place, the method of separat- 
ing the bast by hand was tedious, and could only 
bo performed whilst tho stems wero quite frosli, 
thus limiting its production to the immediate 
neighbourhood of the plant’s growth. In China 
the bark is strippod from the h terns and the fibre 
scraped off with a knife, a process which removes 
the whole so-called grass if performed while the 
stem is still quite fresh, but leavos a largo por- 
tion if it has become at all dry. Even under 
the best conditions a very skilful operator can 
collect only two pounds of grass per day, the 
avorago quantity obtained being only half a 
pound to ono pound. It is further found that, 
owing to the large amount of pectinic substances 
contained m these Urticacece, the long steeping 
or retting processes used with flax and hemp 
cannot bo practised on account of the ensuing 
excessive fcnnontation, which injures tho fibre. 
Experiments made in India with unskilled 
workers gave about four ounces per day each as 
the result of their labour. Attention has conse- 
quently been given to mechanical processes for 
separating the fibres from the bark in the green 
and in the dry stato. With this in view, the 
India Office some years ago submitted samples 
of tho dried article to Dr. Forbes Watson, who 
reported that he did not find it at all difficult to 
obtain tho fibre from stems which were quite 
dry. The difficulty in the case of India is that 
tho bost crops are obtained during the rainy 
season, wlion it is all but impossible to dry the 
stems except by expensive artificial means ; 
while, as above pointed out, the liability of the 
plant to ferment resulted in the spoiling of the 
crops when its treatment was delayed. The 
Government of India has followed up Its in- 
quiries and encouraged inventors to competition 
in producing a machine capable of dealing with* 
tho green crop. It may bo said that this en- 
couragement has resulted in an approximation 
to sucoess ; thus, in one instance of a machine 
consisting of a cylinder with boaters revolving 
at a high speed against the stems upon which 
meanwhile a jet of water is poured, Dr. Watson 
estimated the cost of producing tho fibre to 
average 41. to 51. per ton. The yield from the 
machine was from 1 to 2 tons of’ green stalks 
per day, estimated to produce aboat 100 lbs. of 
cleaned fibre. 

In the treatment of green stalks by hand 
the Favier’s process consists in subjecting the 
plants to the action of steam for 15 to 30 
minutes, after which the bark is easily stripped. 
Those Btems also which have been standing 
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some time after being cut can also be treated 
without leaving any appreciable amount of fibre 
on the ntalks. 

The operation of scutching the dried stems 
presents no difficulty when steam power is 
applicable and when the quantity of material to 
be treated is siifbciently large. The next pro- 
cess, liowcvei, of 1 unguiimung 1 has given a little 
trouble. Since China grass contains from 22 to 
28 or, in some cases, up to 35 p.c. of gum, it is 
necessary to remove this constituent of the fibro 
before it can be spun into yarn For this pur- 
pose many partly mechanical and partly che- 
mical processes have been devised It. may 
sufficiently describe the lines winch those various 
systems take to say that they rosemble generally 
the processes adopted m the scouring and bleach- 
ing of cotton goods — that is to say, by subjecting 
the material to pressure under the application 
of steam, and to alternate treatment, ot alkaline 
and acid agents 

American, inventors have devised means by 
which the fibre can lie spun m ordinary cotton 
machinery. Rossi, of Naples, has patented a 
method by which China grass can be retied 
without chemical agents When chemically 
degummod laime is manufactured in com- 
bination with cotton and dyed and printed, the 
goods possess a silky bistro which enhances the 
colours on both fibres. 

China grass has little or no attraction for 
dyes, and consequently the methods adopted m 
the dyeing of cotton or of juto are applicable to 
it. It is found that mineral colours, such as 
chrome yellow and orange, destroy the peculiar 
lustre of China grass ; tho yellow dye obtained 
with cadmium sulphide, however, is not open to 
this objection Alizarin mordanted with Turkey- 
rod oil destroys the lustre, whilst, aniline colours 
fixed with the same mordant do not Rosainlme 
derivatives ami azo- colouring matters may be 
used satisfactorily It is recommended that tho 
grass should bo dyed immediately after retting 
and boforo spinning, to preserve tho charaetm- 
istic sheen. 

Tho textiles formerly associated with China 
grass were such articles as handkerchiefs and 
‘grass cloths,’ imported direct from China, but 
recent efforts to introduce the manufacture as 
well as the growth of China grass into Europe 
have led to other developments. Thus at the 
manufactory of Zittau m Saxony, the fibro has 
found application in tapestry and dress goods, 
table- f*lot, hs, damasks, lace, fanjy knitting yarns, 
&C. It is also used m the manufacture of in- 
- candescent gas-mantles. 

A number of other species of Borhmcna also 
supply bast, fibres 

CHINA INK v. Indian ink. 

CHINAPHENIN. Trade name for pheneti- 
dine-qumine carbonic ester. Form cm 1 by treat- 
ing p-phenetidine with phosgene and combining 
the product with quinine. * 

CHINA-STONE, A granitic rock, having its 
felspathic constituent more or less decomposed, 
but not completely kaolinised, and with an 
absence of coloured minerals, such as biotite 
and tourmaline. Ah the felspar still retains 
part of its alkali, and as some micaooous mineral 
is generally present, tho stone is fusible ; henco 
it is largely used in the manufacture of porce- 
lain, and when free felspar is not introduced 


it forms the only verifiable constituent of the 
paste. China-stone is sometimes known ns 
* Cornish stone ’ in consequence of its being 
largely quarried in Cornwall, whero it was dis- 
covered by W. Cook worthy, of Plymouth, about 
1750. He first noticed it at Tregonning Hill, 
near Breage, and described it under the local 
name of ‘ growan ’ or ‘ moor-stone.’ It is now 
obtained principally from the neighbourhood 
of St. Stephens, near St Austell. In this area 
it oecurB as a local modification of the granite, 
and is sharply marked off from the normal 
granite and from the china-clay rock. It is 
too hard to he worked like the china-clay rock, 
and has to be blasted and quarried like ordinary 
granite, m fact it, has been used locally as a 
building stone. The rock requires no pre- 
paration, but is sent direct from tho quarry 
t,o tho pot, tones (For an account of the occur- 
rence of ehina-stouo m Cornwall, sre Mem. Geol. 
Survey, Bodmin and St Austell District, 1901); 
and the J land book by <T. A Howe, quoted below ) 

Tho following commercial varieties arc 
recognised — 

I ‘ Hard pur] do,’ a hard, white rock with a 
faint, purplish tinge duo to the presence of 
fluor-spar. 

2.* Soft,’ or ‘Mild purple,’ similar to tho 
last, but softer 

3 ‘ Dry white stone,’ a soft, white variety. 

4 1 Bull stone,’ similar to tho last, hut iron 
stained 

Tho following analyses by W. Pollard and 
E G Radley are given by J. A. Howe, A Hand- 
book to tho Collection of Kaolin, China-clay 
and China-sl one m the Museum of Practical 
Geology, London, 1914. I. ‘Hard purple’ 
cluna-stone from Goonvoan, near St. Stephens; 
rr 4 Bull ’ china-stone from the same locality ; 
[II. China-stone from Jersey (‘ Jersey stone ’). 



T 

II. 

ITT. 

Sio- 

72-28 

7318 

77-00 

Ti( )", . 

0 05 

0 Oti 

0 08 

AU), . 

14-90 

10 13 

12-22 

KeJ), . 

0 50 

0 52 

0-47 

MnO 

0 01 

0-02 

019 

Cat) 

1 -tit) 

001 

o-io 

MgO 

0 15 

0-14 

019 

K a (> . 

5-25 

4-41 

5-07 

Na>0 . 

3-01 

218 

3-23 

LijO 

0 02 

0-02 

trace ? 

I1. 2 0 (at 105°) 

013 

0-20 

0-39 

H,0 (over 105 

) 0-68 

1-81 

0-37 

P a O, . 

0-53 

0*45 

0-25 

F . 

0-88 

0-23 FeS, 0-30 

Cl . 

0-09 

— CO 

0-04 


10007 

99-90 

100-02 


Jersey stone is a decomposed partly kaolinised 
j granite quarried in Jersey. Granite-pegmatite 
i in France ; granite-aplite at Meldon, near Oke- 
j hampton, Devonshire ; porphyrite in Saxony ; 
j lipante in Japan ; and felsite in China are all 
i rocks that are applied for the same purpose. 

It has been proposed by J. H. Collins (Hens- 
barrow Granite District, Truro, 1878) to dis- 
tinguish eliina-stone undor the name pelunzite, 
a word suggested by the Chinese pe-tun-tse. In 
the early part of the 18th century a, Jesuit 
missionary named D’Entrecolles, residing at 
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King-te-chin, sent to R6aumur, in Paris, samples 
of the raw materials used in China. These were 
the first specimens of their kind that had ever 
reached Europe, and they led to the foundation 
of the manufacture of porcelain at Sevres. The 
china-stone was described by D’Entrecolles as 
pe-tun-tse, and the china-clay as kaolin ; but it 
appears that the former name, if not both, must 
have been erroneously applied. According to 
the Chinese scholar, Stanislas Julien (Hist, et 
Fabric, de la Porcel. Chin. Paris, 1856, preface 
xx.), pc-tun signifies ‘ white paste,’ while Use is 
merely a diminutive applied to the material 
when worked up into small cakes. Hence, pe- 
tun-so is really the name of small blocks of 
white clay or prepared paste, and not of the gra- 
nitic rock. Nevertheless, custom in this country 
has justified the use of the term pe-tun-Uc as 
synonymous with chma-stone. L. J. 8. 

CHINEONAL. Trade name for a com- 
pound of quinine and veronal Used as a 
hypnotic. 

CHINESE BLUE. ( Porzdlanblau , Ger ) 
Several compounds are sold under this name, of 
which the following are examples : ultramarine 
and flake white ; cobalt blue and white lead ; 
and a double cyanide of non (Prussian blue) 
(i>. Prime nts). 

CHINESE GREEN or LOKAO v. Lokao. 

CHINESE LAKE or SCARLET LAKE v. 

PlUMENTS. 

CHINESE VEGETABLE TALLOW is the 

hard fat which coats the seeds of the Chinese 
tallow treo, Hidluujui 6cbifeta ( Willd. ), Mtillinytu 
ninensin, (Jroton sebifcruvi,, Supium «s cbifeiurn, 
(Itoxb.), Excaxaria schijcm (F Mull), Carumbivm 
scbifcrum), a tree growing wild m China, and 
largely cultivated theie, as also in Jndo-Cluna and 
the North of India, wheio the tree thrives luxu- 
riantly. In China the stillingia treo is exploited 
for both its leaves and seeds In Tonkin the 
tree is only cultivated for the sake of its leaves, 
a decoction of which furnishes a eolourmg 
matter used for dyeing silk. In China the fat is 
only a by-product. The treo commences to 

E roduce at the age of 4-5 years? and when it 
as reached its full development it yields about 
24-80 kilos, of seeds a year. The fruit yields 
about 30 p.e. of a mixture of vegetable tallow 
and of stillingia oil , half of this quantity consists 
of vegetable tallow alone, and the othoi half of 
stillingia oil, the yield of the latter fiom the 
kernels being about 02 p.c. The fruit consists 
of three oval seeds surrounded by a thick tallow- 
like mass, the true vegetable tallow. This is 
recovered by placmg the seeds in perforated 
cylinders and steaming them, so that the fat I 
melts and runs off. Another method is to pass ' 
the seeds between iluted rollers, which scrape 
oil the outer fat coating without breaking tho 
seed proper. The scraped-off mass is pressed 
in the hot primitive wedge presses, and sold 
under tho Chinese name of 1 pi-ieou ’ or ‘ pi-yu ’ ; 
it is known in Europe as ‘ prima ’ vegetable 
tallow. The seeds which have been bared from 
their fat ooating, are then crushed separately 
and yield the stillingia oil, a drying oil known in 
China as ‘ ts6-ti6ou ’ or ‘ ting-vu/ In another 
process, the seeds, together with their coating of 
fat, are crushed, and thus a fhixture of vegetable 
tallow and stillingia oil is obtained. The product 
Vol II.— 2’. 


thus prepared is naturally much softer than the 
true vegetable tallow, and has therefore a lower 
melting-point and a much higher iodine value. 
This second quality is sold in Europe as ‘ seounda’ 
vegetable tallow, and represents a mixture of 
‘ pi-yu ’ and ‘ ting-yu.’ It is sold in China under 
the namo ‘ mou-ieou.’ 

The saponification value of commercial 
samples of vegetable fat varies, therefore, accord- 
ing to the mode of preparation, from 179 to 207. 
Similarly, tho iodine value varies considerably, 
and numbers ranging from 19 to 32 have 
j been recorded. The composition of vegetablo 
[ tallow lias not yet been definitely ascertained. 
Stearic acid is absent (Heliner and Mitchell), and 
it is probable that the fat consists in the main of 
palimtin and olcm. 

Tho oil lias an iodine value of about 155, and 
| yields 20 p c. of an insoluble bromide (m.p. 147°), 

; whereas the fat docs not form an insoluble com- 
pound with bromine. 

Vegetablo tallow plays, in China, an impor- 
tant idle as an article of commerce ; it is largely 
used m the manufacture of candles. During 
recent years considerable quantities have been 
exported. The bulk of the vegetable tallow is 
used in tho candle and soap industries. Accord- 
ing to Diodrichs (Zcitscb. Nalir. Gcnussm. 1914, 
27, 132) the fat, if properly purified, can be used 
for food, but soon acquires a bitter taste and 
unpleasant odour. It is frequently adulterated 
by the Chinese. J. L. 

CHINESE WAX or INSECT WAX v. Waxes. 

CHINESE YELLOW (King's* yellow) v. Via- 

MEJNTS. 

CHINOCOL. Trade name for a compound 
j of liydroxyquinolnie and potassium sulphate ; 

' used as an antiseptic and disinfectant, v. 

1 ClIlNOSOL. 

CHINOFORM. Trade namo for quinine 
j formate 

CHINOLINE e. Quieoline. 

CHINOSOL. Tradename for the potassium 
salt of 8-liydroxyqimiohrie-5-sulj)honic acid 
C # H h N0S0 3 K,Hj,(), a pale-yellow crystalline 
powder with a salTron-likc smell and a burning 
taste; m.p. 176‘’-177 - 5° ; leadily soluble in 
water, sparingly soluble in alcohol, insoluble in 
ether ; with ferric chloride gives an intense green 
colour, yellowish needles with copper salts, and 
a white precipitate with barium chloride. Used 
as an antiseptic. At a concentration of 1 in 
1000 its solutions possess as great a bactericidal 
action as mercuric chloride solutions of the same 
strength. 

CH1N0TR0PIN. Trade name for urotro- 

pmo quinate. 

CHINOVOSE v. Carbohydrates. 

CHIOLITE. A double fluoride of aluminium 
ami sodium 3AlFy’5NaF, closely akin to cryolite 
AlF 3 ‘3NaF, but crystallising in tho tetragonal 
sys'tcm. Found at tho Ilmen Mountains in the 
Southern Urals and with crystals m Greenland. 

" L J. S. 

CHIRETTA. Chirata, B.P. Is the plant 
Swertid chirata (Buch. Ham.) collected when in 
flower and dried/- Japanese chiretta is Swertia 
chinensw (Franchet). Holm (Archiv. d. Pharm. 
1869, 215) found two bitter constituents in Indian 
chiretta, viz. chiratin and ophelic acid. 

CHITENINE. An oxidation product ol 

V 
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quinine, found m the urine after the adminis- 
tration of quinine. Crystallises from dilute 
alcohol in prisms, rn.p. 281°— 282° 122 6°. 

CH1TIN, CHITOSE v . Cakhohvdkates. 

CHLOANTHITE. Nativo nickel arsenide, 
NiAsj, isomorphous with smaltite (CoA? 2 ) 
there being no sharp line of demarcation between 
tho two species. Found as cubic crystals and 
compact masses at Schneeberg in Saxony and 
Riocholsdorf m Hesse, where it was formerly 
mined as an ore ot nickel. L J. S. 

CHL0RACET1C ACIDS v. Haloukn acetic 
A ims. 

CHLORAL TnchlomuluMehiidr CCI.CHO. 

Chloral was Jirst preput cd by Liebig, who 
obtained it by the continuous chlorination of 
absolute alcohol (Annalen, J, 18b) It was 
further examined by Dumas (Ann Chilli Phys 
(2 1 .'ll), 125), who determined its composition, 
and by Stadeler (Annalen, 01, 101) Although a 
chlorinated aldehyde, it cannot be prepared by 
treating acetaldehyde with chlorine, unless water 
is present together with calcium carbonate to 
neutralise tho hydrogen chloride formed, since 
butyric chloral insults when dry materials are 
employed (Pinner, Her 4, 250). 

Industrial preparation. The process by 
which chloral is manufactured is divided into 
throe stages: the picpaiutum ol ehloial ulco- 
liolate ; eon version of this into ehloral , and tlie 
formation of chloral hydiatc 

In a largo glass balloon (>0 kilos, of alcohol, 
as completely dehydrated as possible, are 
subjected to the action of a cm lent, c>f chlorine, 
tho escaping hydrochlone acid being absoibed 
by water. The introduction of tlie chlorine 
lasts a considerable time, in some woiks 10 to 
14 days. At fiist the balloon must be cooled, 
for, if the temperature is not pi openly regulated, 
the yield is much l educed. Alter a time the 
reaction, becomes loss violent ; the mixture 
is then warmed to 00°, and finally to 100'. 
When the liquid is completely soluble m water, 
the eurieiit of chlorine is slopped, and oil 
cooling, a white mass of tho aleoholate is ob- 
tained. In this operation Npnngmuhl iciom- 
mends the use of iodine as a chlorine earner ; 
Page, tho addition of crystallised feme ehlonde 
(Annalen, 1884, 225, 200) ; and in either case 
tho ethyl halide is easily recovered. 

In the ordinury process the chloi mated 
liquid is not allowed to cool, and is trans- 
ferred* to an enamelled still ^holding 150-200 
kilos., where an equal volume of strong sulphuric 
acid is added in small quantities. Tho tempeia- 
ture is raised to boiling, the condensed vapours 
being returned to the still. .During tho ebulli- 
tion there is an evolution of hydrochloric acid 
gas, the cessation ot which indicates the termina- 
tion of tho decomposition of the aleoholate. 
Fractional distillation follows, this ceasing when 
the thermometer has reached 100°. The distil- 
late is again rectified, the portion coming over 
above 94° bemg pure chloral. In some works 
the final purification is earned out by distilling 
over chalk or sodium bicarbonate. Ethylene 
dichloride, ethylidene chloride, -and chlonnated 
ethylene dichloride (b.p. 115°) are also formed as 
by-products in this reaction (Kramer, Bcr. 3, 
257). 

The chloral is shaken with the theoretical 


quantity of water and the produot of the 
reaction at once poured over a smooth surface, 
when it solidifies ; in this state it is sent 
into commerce. To obtain crystals the warm 
mass (heat is disengaged in this reaction) is 
mixed with one-third of its volume of chloroform, 
and tho mixture allowed to cool in closed vessels ; 
crystallisation is complete in a week. The 
mother liquors serve for a second crystallisation, 
and the crystals are dried at the ordinary 
temperature. Fluckiger (Zeitseh. Chem. 
[2] 0, 432) recommends crystallisation from 
warm carbon disulphide or turpentine, and 
Martins from benzene. Other methods, which 
have been described, differ from the preceding 
m that the chlonnated mixture, after solidifica- 
tion and pressure, is sublimed or distilled with 
calcium ciilonde (Detsenyi, lhngl. poly. J. 209, 
224 ; Tidlat, J. rharm. Chini 5, 218). 

Tho following method has been devised lor 
the continuous production of ehloral. Chloral 
and its hydrate are tho most volatile products 
of the action of chlorine on alcohol, and may 
therefore be removed by continuous distillation. 
A special apparatus is described ; chlorine and 
chlorinated alcohol are introduced into a vessel 
heated in a water- bath, from which tho vapours 
pass into a second and then into a third heated 
vessel. Tho residual chloimo is absoibed in a 
ey Under provided with battle platCB. The 
reetibor, which also a< t-s continuously, ib provided 
with battle plates ; it is fed at the middle with 
chloral, aiid at the top with sulphuric acid 
(OIF H.). The final rectification is carried out 
as already described. The same apparatus may 
be used for converting ihloral into chloroform 
(Besson, Eng. Fat. 17202; U.S. Fat. 774161 ; 
J. Soc. Cliem. lnd 1901, 1 139) 

Chloral is formed when ethyl alcohol is 
allowed to drop into the anode compartment 
of a cell in which an alkaline chloride is being 
electro l\ sed. 

Theories to explain the action of cldonne on 
alcohol anil the subsequent production of chloral 
have been proposed by Lichen (Her. 3, 910) ; 
Wurtz and Vogt (Compt. rend. 74, 777) ; Jacob- 
sen (Her 15, 001) ; and Brocket (Bull. Hoc. clnm. 
17,|31228). 

Chloral is a colourless pungent liquid, which 
solidities at— 75"(Bertlielot,Ann. Chun. Fhys.[5], 

! 12, 530), at - 57 ‘5° (Van Kossem. Zeitseh. physi- 
kal. Chem. 1908, 02, 081 ); and is readily soluble in 
water, alcohol, and ether. Its b.p. is 97 ‘7° (corr.) 
and sp gr. 1 ‘54175 at 0° (Passavant, Chem. Soc. 
Trans. 39, 55 ; Thorpe, ihtd 37, 191); b.p. 90°-97° 
at 750 mm., and sp.gr. 1 5121 at 20 r ’/4° (Briihl, 
j Annalen, 203, 11); b.p. 97° at 740 mm. (Van 
| Kossem, l.c.). Three hydrates exist : (1) a semi- 
hydrate 2C a HCl 3 0,H 2 0 ; true m.p. is about 49°, 

: the highest observed 80° ; (2) the ordinary mono- 
I hydrate existuig m two pseudo-symmetrical 
i modifications ; true m.p. 47 ’4°, highest obsorved 
54° ; (3) a hoptahydrate, m p. — 14° (Pope, 

! Chem. Soc. Froe. J890, 142 ; and Van Kossem, 
j l.c.). According to Wolf (J. Phys. Chem. 4, 21 ) ; 

I there is only one modification, the difference in 
melting-points bemg due to dissociation. Nas- 
; cent hydrogen reduces it to aldehyde (Per- 
J sonne, Annalen, 167, 113), which it closely 
resembles in reducing ammoniaoal silver nitrate 
j solution (Stadeler, Annalen, 106, 263), and in 
forming crystalline compounds with sodium 
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disulphite (ibid ). ; with ammonia (y. chloral 
ammonium) ; with hydrogen cyanide (Bischoff 
and Burner, Ber. 5, 113; Annalen, 179, 77); 
with amides (Wallach, Bor. 5, 251 ; Sul/ berg, 
1XR.P. 198716 ; J. Soc. ('hem. lnd. 1908, 958) ; 
and with amines (Wallach, lx . ; Riigheimer, 
Ber. 190(5, 1(153; Wheelor, Amor. (.mem. J. 
1902, 1003, 1908, 13(5; 1909, 937) 

When heated with aqueous alkalis it decom- 
poses into chloroform and an alkaline formate, 
and a similar reaction occurs when alcoholic 
potash or soda is employed (Kokule, Annalen, 
119, 188). Chlorine, bromine, or iodine and 
aluminium chloride eon veil chloral into hexa- 
chlorethaiio (Mouncyrat, Bull. Soc chnn 17, [3 1 
79(5). Burning nitric acid converts it into trichlor- 
acetic a<‘id, and, according to (Jrabowski (Bet 
(5, 225), fuming sulphuric acid combines with it 
in the cold, but on beating eonveits it into 
chloral ide C 6 ll ,Cl a (), (eompaie (Jrabowski, Bci. 
8, 1433; Stadclcr, Annalen, 0 I, 114, Wallach, 
ibid. 193, I) Chloral condenses with succinic 
acid by me .us of acetic anhydride, to form 
triehloromethylnaraeome acid (Fittig and Miller, 
ibid. 255, 43). 

Derivative. Chloral ammonium (\H 4 C1 3 N<) 

is prepared by the action of ammonia oil a 
soluti m of chloial in chloroform (Schilf, Ber. 
10, 1(57). It is a wluto crystalline solid, resem- 
bling chloral hydiate m task' and colour; it 
melts at 04“, and is slightly soluble m water, more 
readily soluble in alcohol (IVisonnc, Annalen, 
157, 113; C'ompt rend. 71, 228) Neslnt 
recommends the use of chloial ammonium 
instead of methane and chloial hydrate, since 
the action of chloial hydrate on the icspuation 
centres and the lieai t. is retarded by tliemtiodue 
lion into that compound of an amino- group 
(d. Soc CJiem lnd. 1889, ll>, 1890,889) By 
heating chloral ammonium on tho water-bath, 
chloroform and ammonia distil oil, and the 
icsidue consists ol formauude and i lilotalinudi 
CjH^Cl ,N, the latter of which is extracted with 
aleohol. /.socliloralmudo is also formed, and 
according to Schilf ((Jazz elirni. ital. 21, 490), 
d i molecular and tninoleeular -nnides exist 
Chloralitmdo can also be piepaicd by heating 
chloral and chloral ammonium until eliloioform 
is no longer evolved, and by the icaetion between 
chloral hydrate and ammonium acetate (SchifT, 
l.c. • Pinner and Kuclis, Ber 10, 10(58 ; Aretids, 
Chom. Ind. 1*5, 78 ; Behai and Choaz, Compt 
rend. 109, 817; 110, 1270). It has remarkable 
antipyretic and analgesic piopeitios. Other 
chloralmudo compounds have lieen desenbed 
by Moscholles (Ber. 24, 1803) 

Chloralamide or chloral formamide ( yf 4 ( 'l a NO;j 
is produced by gently heating chloial and foinia- 
mide in molecular proportions (J. F. von Meting, 
Fng. Pat. 7391 ; I) It. P. 50580 ; J. Soc. Chom. 
lnd. 1890, 413). When recrystullised, it forms 
colourless'crystals melting at JJ5°-I10°; it is 
aolublo in 9 parts of water, or in I.J parts of 
96 p.c. alcohol. It is without smell, and has 
a slightly bitter taste ; when heated above (50°, 
it is decomposed ; aqueous or alcoholic solutions 
are unaffected by weak acids or by silver nitrate, 
but are rapidly decomposed by alkali hydroxides, 
more slowly by alkali carbonates. As a hypnotic 
it has been proved superior to chloral hydrate, 
and is of most value in cases of nervous insomnia 
and similar disorders (Hagner and Hubner), 


I Weiner Mod. Presse, 1899, 1361), It has no 
j corroding aotion, does not affect the digestion, 
1 nor disturb the heart. It may be taken inter- 
nally as a powder, prepared by triturating 
1-3 grams of the amide with 1 gram of fennel- 
| oil sugar ( Ellucosaccharum, Famicult) (Merck’s 
j Bull. 1889, 85). 

Chloralose C 8 H U C1 3 0 6 is obtained by boating 
equal parts of chloral and glucose, both anhy- 
i drous, on tho water- bath. Tho vitreous mass 
i is boiled with water to remove the chloral, and 
I tho concentrated aqueous solution doposits a 
crystalline compound, from which chloralose is 
! extracted by alcohol. On treating the residue 
i with ether, a compound isomeric with chloralose, 
termed panic hlo t alone, is obtained. Chloralose 
melts at 187°, and is a powerful hypnotic ; whilst 
laiuehloialose melts at 227°, and possesses no 
lypnotic properties. By oxidising these com- 
pounds with nitric acid, followed by potassium 
permanganate, tho conesponding chloralic acids 
are obtained ; m.p. 212“ and 202“ respectively 
(Hannot and Ricliet, Bull. Soc. chim. [3] 11, 
37; 12, 303; Compt. rend. 11(5, 03'; 122, 

1127; 148, 12(55 ; Mourner, ibid. 122, 142 ; 

Petit and Polonovski, Bull. Soc. chim. 3, [3J 
801). 

Chloral acetonechloroform CjHaO/Jlg is 
prepaied by heating molecular quantities of 
chloral and acetonechloroform. It melts at 
05°, and lias a faint odour and taste resembling 
camphor (Hollmann-Larocho, U.S. Pat. 778277 ; 
J. Soc. Chom. lnd. 1905, 150). 

Chloral bromal carbamide is obtained by 
mixing urea with molecular quantities of chloral 
and brumal, or equivalent quantities of their 
hydrates in the presence of concentrated hydro- 
chloric or sulphuric acid (Kallo & Co. D. It. P. 
128402 ; Chom. Zentr 1902, i. 547). Chloral 
hydrate in saturated aqueous solution combines 
with urotropme and caffeine, forming m each 
case two compounds according to tho proportions 
of the reagents employed. 

eiystallismg in ihombohcdra, and dichloral - 
iiiotiopiuc, C fl ll, jN 4 ,(C 2 110C1,, 3 1-1 x ()) ,, crystal- 
lising in needles, resemble one another in their 
piopeilies. They are colourless and odourless, 
and very soluble in alcohol and water. They 
volatilise at about 100° without melting. They 
aie both neutral substances, which reduce copper 
solutions and ammomacal silver nitrate. With 
mineral acids they yield formaldehyde, aml.with 
alkalis the chloral’is attacked, giving chloroform 
in tho cold and carbylamino on heating. 

DiddoralcajJein c, 

C h H 10 ()..N 4 ,H.O,(C.HOC1 3 ,H 2 ) 2 , 

ni.]i. 72°-73°, slowly loses 1 mol. of chloral 
and passes into monochloral caff vine, (J ( .Ii 10 O 2 N 4 , 
li 2 0,C 2 I10Cl„H 8 0, m.p. 92“- 93°. The latter 
coyipound dissolves in water, and in solution 
slowly dissociates, the eaflome separating out. 
In hot alcoholic solution it is completely dis- 
sociated. When heated at 100“ all the chloral 
is driven off, leaving pure caffeine (Leulier, J. 
Pharm. Chim. 1912 [vii.] 0, 18). 

The following condensation products of 
chloral have been prepared : chloralacetone, 
chloralacetophenone, and chloraldol (Gigli, Gazz. 
chim. ital. 28, [2] 83 ; Konigs, Ber. 1892, 792 ; 
1893, 554 ; Wislicenus, Kircheisen, and Battler, 



180 CHLORAL.. 


i bid. 1893, 908) ; carbonylchloraldehydes (Farb. 
rorm. F. Bayer & Co. D. R. P. 121223, Chem. 
Zentr. 1901, ii. 09); chloral nitrite (Bertoni, 
Gazz. chim. ital. 24, ii. 20) ; the compounds with 
aminoazobenzeno (Betti, ibid. 28, 241) ; with 
amidodxy benzoic esters (Kalle & Co. 1). R. F. 
112210; Chem. Zentr. 1900, u. 791); with 
aromatic hydrocarbons (Blitz, Ber 1893, 1952; 
Dinosmann, Compt. rend. 1905. 141, 201) ; with 
hexamethylenetetramine (Loderor, Eng. Fat. 
17093; J. Sue. Chem. Ind 1897, 1039); with 
hydroveratmo (Frankfurter, Amer. Chem. J. 20, 
358) ; with methylpropanoldialkamuio- acids 
(Poulenc Frc-ros & Fourneau, Fr Pat. 382787 ; 
1) R. P. 203043 ; J. Noe Chem. Ind. 1908, 240) , 
with menthol and terpniol (Wagnitz, Eng. Fat. 
19103; J. Soc Chem Ind. 1899, 850 ; Schmitt, 
Compt. rend. Hoe. Biol. 1890, 078) ; and with 
resorcinol (Causse, Bull. Soc. chim. 3, [3] 801 ; 
Hewitt and Pope, Chem. Soc. Trans. 1890, 
1205). 

Polymerldes. Two polymendos of chloral 
are known, an insoluble and a soluble substance. 
When pure, chloral is perfectly stable, but traces 
of impurities, and particularly of sulphuric acid 
(Byasson, Compt. rend 91, 1071) convert it into 
mctachloi al , a white amorphous solid It may bo 
prepared by leaving chloral hydrate m contact 
with half its weight of concentrated sulphuric 
acid for several hours, until a pasty mass is 
formed. After pouring off the acid, the residue 
is introduced into a well-cooled solution of 
hydrochloric acid, and the product, which now 
becomes solid, is washed and dried over sul- 
phurio acid. Chloral aleoholate may be sub- 
stituted foi chloral hydrate m this pioparation 
(Clartner, D. R. F. 17U534 ; Chem. Soc. Abstr. 
1900, i (128). Another method is to add 7 
parts of anhydrous aluminium chloride to 100 
parts of well-cooled anhydrous chloral, the 
temperature being kept below 40". In the 
course of an hour tho whole mass solidifies 
After 24 hours the hard mass is broken up, 
extracted with dilute hydrochloric acid, washed 
With alcohol, and dried at a moderate temperature 
(Erdmann, JJ R. F. 139392; Chem Zcit 27, 
[20 1 223). It is insol u Dio in alcohol, other, water, 
and acids, but soluble in sodium carbonate 
solution. On warming with alcohol, it yields 
chloroform, and on distillation at 1 80 r ’-250 ’ is 
reconverted into chloral (Koibe, Annulen, 54, 
183 [footnote]). It is tasteless, and can bo 
employed as an anaesthetic ; unlike chloral 
hydrate, it has no irritating elldfct on the mucous 
membrane of tho stomach. 

The soluble polymondo is obtained by 
treating chloral with pyridine or any other 
amine in the cold, and then acidifying. It is a 
slightly volatilo amesthotic substance, volatilis- 
ing without melting, converted by hot water or 
hot alcohol into chloral hydrate and chloral 
aleoholate respectively, and decomposed Uy 
alkalis into chloroform and formic acid. It is 
soluble in water (Gartner, 1). R. F. 105984 ; 
U.S. Eat. 768744; Chem Soc. Abstr 1906, i. 
481). 

Chloral hydrate CC1 3 -CH04-H,0 or CC1 3 * 
CH(OH),. 

Properties . — Chloral hydrate crystallises in 
monoclinie tables (Groth, Ber. 5, 676), and has 
a jieculiar odour and sharp taste. Its m.p. 
is 57° (Meyer and Dulk, Annalen, 171, 75), 


47*4° (Van Rossem, Zeitech. physikal. Chem. 
1908,62,681); b.p. 97*5°; anasp.gr. 1*818 (in 
powder) and 1*848 (crystallised) (Schroder, 
Ber. 12, 562). It dissolves readily in water, 

1 part of water dissolving 4*7 parte of chloral 
hydrate at 17*5° (Mauch, Arch. Fharm. 240, 113), 
alcohol, ether, chloroform, turpentine, and light 
petroleum ; and its solubility in carbon disulphide 
is given by Fluckiger (l.c.) as 1 in 45 at 15-18°, 
and 1 in 4*5 at the boilmg-point. Concentrated 
sulphuric acid decomposes it into chloral and 
water, and alkalis act upon it as upon chloral. 
A modification of tho hydrate, melting at 80°, 
is obtained by rapidly evaporating an acetic acid 
solution of anhydrous chloral over sulphuric 
acid (Meyer and l)ulk, l.c.) ; this is probably the 
somihydrato described by Vail Rossem (l.c.). 
Under the inlluenco of light and air, chloral 
hydrato is decomposed, the decomposition pro- 
ducts bemg hydrochloric acid and carbon dioxide 
or monoxide, or wator, chlorine, and carbon 
dioxide, tho amount of available oxygen deter- 
mining the products (School and Van den Berg. 
Fh Weckblad. 43, 42) 

Chloral hydrate should befrec from aleoholate, 
which has not the same physiological proper- 
ties , and when warmed with twice its volume of 
water it should give a clear solution, free from 
oily drops and not precipitated by silver nitrate. 
When carefully heated, it should volatilise com- 
pletely, and the vapours should not be inflam- 
mable ; when gently warmed with 3 vols. of 
strong sulphuric acid the mixturo should remain 
eloai. On warming chloral hydrate with potas- 
sium hydroxide, turbidity is caused through the 
separation of eliloroform , the clear portion is 
docanted, and lochne dissolved in potassium lodido 
added. So soon as the liquid begins to turn 
yellow, it is cooled, •when the presence of alcohol 
and consequently of chloral aleoholate, is 
indicated by tlw formation of a precipitate of 
iodoform (Trillat, J. Fharm. Chim. 5, 218). 
Chloral aleoholate may also be detected by the 
Zeisel mothod for tho estimation of othoxyl 
(Selmndinge, Mouateh 21,36). Chloral hydrato 
is converted into aleoholate when dissolved m 
alcohol, and similarly, chloral aleoholate is very 
slightly soluble in water, dissolving slowly to form 
chloral hydrate. Fotassium carbonate is a good 
antidote to chloral poisoning, if it has not reached 
tho blood (Klar, J. (Soc Chom. Ind. 1896, 555). 

Physiological Action. — Compare Liebreich 
( Bor. 2, 269) ; Fersonne (Compt. rend. 78, 129) ; 
Byasson (ibid. 78, 649) ; Toinaszowicz (ab- 
stracted, Chem. Soc. Trans. 1874, 814) ; Tanret 
(J Fharm Chim. [4 1 20, 356); and Trillat 
(l.c). Mcring, Zoitsch. physiol. Chem. 6, 1882, 
480. According to the last-named authority is 
reduced to trichlorethyl alcohol (CC] 3 *CH 2 ‘OH) 
m tho body and not into chloroform, as suggested 
by Liebreich, who first proposed its use as an 
hypnotic. 

Estimation. — 4 grams of the sample are 
treated with 30 c.c. of normal caustic soda in a 
stoppered bottle, and shaken vigorously for a 
few minutes without the application of heat. 
On titrating back with normal sulphuric acid, 
using litmus as an indicator, 5*8 c.c. should be 
required for complete neutralisation (Alcock and 
Thomas, Pharm. J. 63, 236 ; andSargeant, ibid.). 
Owing to the secondary reaction CHCl a -F3NaOH 
*=3NaOl4-CO-f 2H a O, this titration with aoid is 
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slightly inaccurate. Modifications of the method 
have been devised bv Trillat (i.c.) ; Hinrichs 
(Pharm. J. 70, 530) ; I)esgrez (Compt. rend. 125, 
780 ; Analyst, 23, 76) ; Self (Pharm. J. 79, 4) ; 
and Gamier ((’hem. Zentr. 1908, i. 1492). 
Another method is to heat 0 3 gram of the 
sample with 1 gram of aluminium powder, or 
2‘5 grams of zinc filings, 15 e.e. of glacial acetic 
acid, and 40 c.c. of water under a reflux con- 
denser for half an hour. The mixture iB filtered 
and washed, and the chlorine estimated volumo- 
trically or gravimetrically as silver chloride 
(Self, i.c.). Wallis (Pharm. J. 76, 162) treats the 
chloral hydrate with caustic soda in a bottle, and 
then estimates the chlorine as silver chloride. 
Jt may also bo determined iodometrically (Rupp, 
Arch/Pharm. 241, [5] 326). 

Chloral hydrate may be detected by means of 
the green colour formed on the addition of 
antimony trichloride to a solution in castor oil 
(Covelli, Ohem. Zeit. 31, 342) ; or by the colours 
formod when it reacts with resorcinol in the 
presenco of .sulphuric acid (Jaworowski, Zeitsch. 
anal, (’.hem 37, 60). Another method is to add 
a solution of ammonium sulphide, when a 
pinkish or yellow preoipitate is obtained, and 
an oil having tho odour of walnuts (Lesinsky and 
Gruudlieh, Amor Chom. J. 19, 603). It may 
also be detected by the reducing action of the 
formic acid into which it may be converted 
In presence of compounds containing the (’(!!, 
group, e.g. chloroform and trichloracetic acid, 
tho substance dissolved in water and slightly 
acidulated with sulphuric acid is treated with 
zinc in the cold When the evolution of hydro- 
gen has ceased, a strip of filter paper, soaked m 
a solution of sodium mtroprusside and 5 p.e 
piperidine solution is hung over the liquid, 
which is gently warmed, when the acetaldehyde 
formed colours tho paper blue. 1 part of 
chloral hydrate in 20,000 may thus bo detected 
(Jona, (Jiorn. Farm. Chom. 1912, 61, 57). 
Chloral hydrate is valuable for extracting alka- 
loids from plants containing much resin, essential 
oils, &c. (Schaer, Zeitsch. anal. (Ihem. 37, 469) ; 
it is used in rubber analysis (Weber, J. Hoc. 
Ohem. Ind. 1903, 576) ; in microchenneal in- 
vestigations (Schaer, Ohem Soc. Abst. 1908, i. 
62) ; and in qualitative analysis (Maueh, Arch. 
Pharm. 240, 166). 

Derivatives.— Chloral antlpyrine is obtained 
by the condensation of chloral hydrate with 
antipyrine (Bethal and Choaz, Ann. Chim. Phys. 
27, 319). 

Chloral caffeine is formed when chloral 
hydrate and caffeine aro brought together in 
aqueous or alcoholic solutions in molecular pro- 
portions. It is rocryHtallisod from warm water 
at 30°, and, owing to its easy solubility as opposed 
to the difficult solubility of caffeine, is of medici- 
nal value (Chem. Fab. auf Act. vorm E. Schering, 
I). R. P. 75847 ; J. Soc. Chem. Ind. 1895, 987). 

Chloral tannin is prepared by the condensa- 
tion of chloral hydrate with tannin in the presenco 
of sulphuric acid. It is a greyish-brown amor- 
phous powder, having valuable dermatological 

f roperties (Farb. vorm. Fried. Bayer & Co. 
>. R. P. 98273 ; Eng. Pat. 2882 ; J. 'Soc. Chem. 
Ind. 1899, 172). 

Chloraldoxlme is prepared by treating chloral 
hydrate (1 mol.) with hydroxylamine hydro- 
chloride (4 mols.) and a little water ; m.p. 


39°-40° (Meyer, Annalen, 264, 116; Tarugi, 
Gazz. chim. ital. 21, ii. 6). 

Chloral hydroxylamine is obtained by triturat- 
ing molecular quantities of chloral hydrate, 
sodium carbonate, and hydroxylamine hydro- 
chloride, dissolving the mass in a little water, 
and extracting with ether ; m.p. 98° (Hantzsch, 
Ber. 1892, 701). 

Compounds with formaldehyde aro described 
by Pinner (Ber. 1898, 1926). 

Chloral alcoholates. The preparation of 
chloral ethylalcoholale has already been described. 
Tt may also be obtained by the action of chloral 
on absolute alcohol (Marinis and Mendelssohn, 
Ber. 3, 444). It crystallises in needles, melts at 
44°-46° (Meyer and J)ulk, Annalen, 171, 78), 
at 46° (Lieben, Ber. 3, 907) ; boils at 115° ; is 
sparingly soluble in water, more soluble in 
absolute alcohol, 1 part of alcohol dissolving 
4*4 parts of chloral aleoholate at 17T>° (Mauch, 
Arch. Pharm. 240, 113). Sulphuric acid decom- 
poses it into chloral and alcohol ( Chloral propyl - 
aleoholate, bp. 120°- 122 , and chloral iwpropyl- 
aleoholate, m p. 47°, and b.p. 108°, have been 
described by (labutti (Gpz. chim. ital. 31, i. 
86), and Vitoria (Chem. Soc. Abst. 1905, i. 
110); chloral aniylalcoholate by Gadamer 
(Arch. Pharm. 243, 30), and Kallo & Co. 
(1). R. J‘. 115251 ; Chem. Zentr. 1900, ii. 1141). 
Other alcoholates have been prepared by 
Jacobsen (Annalen, 157, 224), and Kuntze 
(Arch. Pharm. 246, 91). 

Butyl chloral CHyCHCl CClrCHO ; more 
correctly, tri-chlor-butync-aldehyde ; b.p. 164°- 
165° at 750 mm. ; sp gr. 1 ’3956 at 20°/4° (Briihl, 
Annalen, 203, 20). It is a colourless oil, having 
a characteristic chloral odour, formed by tho 
action of chlorine upon ordinary aldehyde or 
paraldehyde (Kramer and Pinner, Bor. 3, 383). 
Chloracetaldehydo ChLCI CHO is first formed, 
and this condenses with another molecule of 
acetaldehyde, forming a - chi orcr otonnld eh y do 
CH,-CH : CCl’CHO and water, and this, by the 
action of more chlorine, forms tho butyl chloral. 

Preparation.— Chlorine is led through cooled 
paraldehyde (or aldehyde cooled by a freezing 
mixture) ; water is then added, and the liquid 
neutralised with calcium carbonate. The mix- 
ture is then distilled on the oil-bath in a current 
of 8 team, and the hydrate is thus obtained. 
This is then purified by recrystallisation from 
water, and decomposed by distillation in a stream 
of hydrochloric acid gas (Pinner, Annalen, 179, 
26).* • * 

Butyl chloral iB converted by fuming nitric 
acid into aa£-triehlorbutyrio acid. Phosphorus 
pontachloride converts it into a body C 4 H 4 01 4 , 
which boils at 200°. It combines with zinc- 
ethyl’to form a compound which is decomposed 
by water with formation of trichlorobuytl alco- 
hol. 

, Tho ammonia compound 

CH 3 CHC1CC1./CR(OH)NH b 
m.p. 62°, is formed by leading ammonia into e 
cooled mixture of 1 part of butylehloral, and 1 J 
parts of chloroform (Schiff and Tassinari,#Ber. 
10, 1783). It forms a solid mass, insoluble in 
water, soluble in ether, alcohol, and chloroform. 
Is readily decomposed on heating. 

Butyl chloral has a strong affinity for water, 
and readily forms 
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Butylohloral hydrate CH 3 -CHCPCCVCHO 
■fHjO. This compound, whioh is also known 
as butyl chloral, is prepared by passing chlor- 
ine into paracetaldehyde (Freundler, Compt. 
rend. 143, 682). It forms white crystalline 
trimetric platos of a peculiar odour, with 
difficulty soluble in cold, more readily in hot 
water ; very readdy soluble in alcohol ; m.p. 
78°, with partial dissociation, and sp.gr. ] ’094 
(Schroder, Ber. 12, 602). For some years after 
its discovery in 1870, it was regarded as croton- 
chloralhydrate. It is decomposed by distilla- 
tion into the chloral and water. Alcohol and 
potassium cyanide convert the hydrato into 
ethyl a-chlorcrotonato. Zinc and hydrochloric 
acid, or zinc-dust and water, produce mono-chlor- 
crotonaldohydo, and finally erotonaldehyde 
(Sarnow, Armalen, 104, 108). With acetic acid 
and iron filings, butyraldohyde, normal butyl 
alcohol, and crotonyl alcohol are produc'd (Lic- 
hen and Zeisel, Monatsh. 1,840) It is a valuable , 
anodyne in cases of neuralgia, facial rheuma- | 
tiRm, periostitis, &c. The following composition ! 
is recommended : butyl chloral hydrate, 2-6 ■ 
grams ; alcohol, 10 grams ; glycerol, 20 grams , ! 
and distilled water, 120 grams (J Soc (them I 
lnd. 1889, 476 ; 1890, 889). It is frequently I 
adulterated with tho cheaper chloral hydrate, I 
from which it may bo distinguished by the 
following reaction : A solution of pyrognilol in ■ 
pure 65 p.c. sulphuric acid gives, when gently 
and carefully warmed, a blue colour with chloral, 
a ruby colour with butyl chloral and a more or 
less violet-to blue colour with mixtures of the 
two compounds. On addition of a large 
quantity of water, the blue colour obtained with 
chloral changes to yellowish-brown, and tho 
ruby colour obtained with butyl chloral to a 
more or less deep-violet colour (dalbutti, J Soc. 
Chom. Ind. 1894, 273). 

Derivative#. — Butylchloralantipyrine, yellow 
crystals, m.p 70°-71° (Culderato, Ohom Zentr 
1902, ii. 1387) ; butylchloraldoxime (Tarugi, 
Cazz. chim ital. 21, n. 6). 

CHLORALAMIDE. Syn for chloral form- 
amide CC1 , -CH\NR ’C HO used as a hypnotic 

(')H 

and sedative. 

CHLORALUM v. Disinfectants. 

CHLORAMINE BLUE, -GREEN, v. Azo- 

COLOUKINO WATTERS. 

CHLORAMINE-T. (Sodium -p toluonosul- 
phochioramide CH 3 C # H 4 S0 2 N.NaCl), first ob- 
tained by Chattaway (Chem. Soc Trans. 1905, 
87, 153), has been shown by Dakin to be a 
valuable antiseptic in military surgery for the 
treatment of infected wounds, and has been 
employed in cases of cerebrospinal meningitis ; 
diphtheria, &c. It may be obtained from 
p-tolueno sulphonic chloride, a by-product in 
the manufacture of saccharin ‘ (q.v.) ; 05, 

directly, from toluene by sulplionation and trails 
formation of the sodium salt into the sulphonic 
chloride by the action of phosphorus penta- 
chloride or a mixture of the pentaehloride and 
photphoryl chloride, and conversion of the 
sulphonic chloride into sulphonamide by treat- 
ment with ammonia or ammonium carbonate. 
To convert the amide to chloramine, one mole- 
cular proportion is dissolved in a warm strongly 
alkaline solution of sodium hypochlorite (1’3 to 


2-0 N strength), when on cooling the greater 
part of the chloramine separates out, and the 
remainder can be obtained by evaporation. 
It is important to have an excess of caustio 
Boda : for each mol. of amide about 105 to 11 
mols. of hypochlorite and 1 mol. of sodium 
hydroxide. Known also aB chlorazene and 
tolamine. 

Dicliloramine T, tolueno-p-sulphodichlora- 
amide CII 3 C 9 II 4 SO a NCl 2 , is also employod as an 
antiseptic, it is prepared by dissolving p- 
toluenesulphonainide in bleaching powder solu- 
tion or by acting on chloramine T by hypo- 
chlorous acid. Insoluble in water bub dissolves 
in chlorinated paraffin or chlorinated eucalyptol 
which is then diluted with paraffin oil. 

The persistent odour which clings to the 
hands after immersion in hypochlorite solutions 
appears to be due to protein chloramine com- 
binations (Briggs). 

CHLORAMINE YELLOW Pwmuline and 

ITS DERIVATIVES 

CHLORANIL v Quinones. 

CHLORATE OF POTASH, SODA v ( Jiilohin e. 

CHLORAZENE. Syn. I or < 'hloramine T. 
{q.v ). 

CHL0R AZIDE. N..CI A gas obtained by 
mixing solutions of sodium azide N 3 Na, and 
sodium hvpoohloritc, and muddying with acetic 
acid Cldorazide is highly explosive, slightly 
soluble m water, ami insoluble in caustic! alkalis 
(Rase lug, Ber. 1908,4194). 

CHLORAZOL BROWN, DEEP BROWN, 

BLUE, -VIOLET V Azo COTjOURINU WATTERS. 

CHLORENE C 4M H iB A green hydrocarbon 
obtained together with decacylene and fluoro- 
cyclone by beating aeenapbthene with lead 
oxide at 350" and extracting with benzene and 
light petroleum ir» the cold. It crystallises in 
small dark given scales Dilute solutions are 
pure deep gieen m colnm but become brownish- 
red oil exposuio to* suuhgld ( loncentrated 
solutions appear purple-red by a bright trans- 
mitted light (Dziewonski and Nuknarowski, 
Ber. 1918,61,457). 

CHLORETONE v Acetonechlorofouw. 

CHLORIDE OF LIME, POTASH, SODA v. 

Chlorine. 

CHLORINE. Symbol Cl. At. wt. 35‘46. 
Historical Chlorine was first obtained by 
Sehoele m 1774 by the action of hydrochloric 
acid upon manganese dioxide, and was termed 
by him * dephlogistieated marino acid air.’ 
In 1785 Berthoilet suggested its ilso for bleaching 
vegetable fibres, and tins application continued 
until 1789, when this very objectionable gas, 
and its equally objectionable aqucouH solution, 
wore replaced by an unobjectionable solution 
prepared by dissolving the gas m an alkali ; 
the hypochlorites so prepared have been used 
for bleaching from then to this day. 

The idea that it was a compound substance 
jire vailed until 1809, when Cuy-Lussac and 
Thenard suggested that it was probably an 
elementary body, a supposition confirmed by 
the investigations of Davy in 1810 (Phil. Trans. 
1811, I, 32). Davy gave it its present name, 
from xA«/«L, greenish-yellow, in allusion to its 
characteristic colour. 

Occurrence. Chlorine is never found free 
in nature ; it always ooours combined with 
metallic elements. Sodium chloride occurs to 
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the extent of 3 p.o. in sea-water, and as rock 
wit in large quantities in Galicia, Tyrol, Tran- 
sylvania, Spain, and in England (particularly 
in Cheshire) (v. Sodium Chloride , art. Sodium). 
Potassium chloride is found as sylvine (q.v.), 
and in association with magnosium chloride as 
camallite KCl*MgCl 2 ,6H 2 0 (q.v.) m the salt- 
beds of Stassfurt, and in a few parts of North 
France, and in sea-wator. Other naturally 
occurring chlorides are matlockite PbCL'PbO, 
horn silver AgOl, alacamilc Cu 2 C1(OH) s , calomel 
HgCl, &c. Ferric chlondo Fo 2 Cl fl and sal 
ammoniac are occasionally found native as 
products of volcanic action. Magnesium chlor- 
ide ir found in considerable quantity m sea- 
water and m many natural waters. Calcium 
chloride is found in certain brines. 

Sodium and potassium chlorides are present 
in most animal secretions, and free hydrochloric 
acid is met with in tin 1 gastric juice. Many 
plants, growing in proximity to the sea, and 
many inland plants contain notable quantities 
of chlorides 

Preparation Foil Laboratory Purposes 
The oldost mode of preparing chlorine for labo- 
ratory purposes consists m heating manganese 
dioxide with hydrochloric acid, or by heating 
a mixture of manganese dioxide, common 
salt, and sulphuric acid : 

Mn0>+4HC1 = C1„-| MnCl„ | 211.0 

2Na(Jl + Mn(M 311., S0 4 

“=CI a 1 2Na!iS0 4 + MnK0 4 +2H 2 0 

It is readily prepared by slowly dropping a 
clear strong solution of bleaching powder into 
concentrated hydrochloric acid Pleaching 
powder made commercially into small cubes 
may be used m a Kipps’ gas generator containing 
strong hydrochloric acid If required in rather 
large quantity it is most easily obtained from 
liquid chlorine supplied commercially in steel 
cylinders. 

Properties of Chlorine. • At ordinary tom- i 
poratures and pressures chlorine is a greenish- [ 
yellow gas, which becomes darker in colour as i 
it is warmed ; under strong pressures the colour 
becomes orange-yellow ; its absorption spectrum 
shows numerous dark lines in addition to com- 
plete absorption in the blue and violet. Even 
when largely diluted with air, the gas possesses 
a characteristic pungent and irritating smell ; 
if rapidly attacks t he nasal and lung membranes, 
and in such cases the best relief is obtained by 
breathing alcohol vapour or a little chloroform 
vapour and keeping in a warm room. 

The sp.gr. of chlorine gas shows a gradual 
diminution up to 240", when its density 
becomes normal, viz. 2 ‘4502 (.lahns, Bcr. 15, 
1242). 

40 ° 80 ° 120 ° 100 " 200 ° 240 ° 

2-4844 2*4770 2*4708 2*4041 2*4572 2*4504 

By the application of either suitably in- 
creased pressure, or of a suitable low tempera- 
ture, chlorine gas is readily liquefied to a dark 
greenish-yellow liquid of sp.gr. 1*33, b.p. 
— 34*5°. The critical temperature is 1 44*0°, 
the critical pressure 70*1 atm., and the critical 
density 0*573. The density of liqujd chlorine 
may be represented by the formula : 

^=0*687014+0*0002379(144—0 
+0*0622109 \/ 144—/ 


The ratio of the critioal density, to that 
calculated from the simple gas laws is 3*635, 
and the value of Trouton’s constant, that is the 
quotient of molecular heat of evaporation and 
the absolute temperature of the boiling-point, 
is 20*07, indicating that chlorine behaves as a 
normal substance. The specilic heat between 
0° and 24° is 0*2202, and the heat of evapora- 
tion at 8 f> is 02*7. The vapour tension is in 
atmospheres : 

at -40° . . . 0*74 

-20° . . .1*84 

0° . 3*60 

+ 20 ° . . . 0*02 

40° . . • . 11*50 

! Tt can bo solidified at a low temperature. 

Liquid chlorine is not miscible with water; 

1 its refractive index is lower than that of water, 

! and it is a non-conductor of electricity. 

I Chlorine gas is readily soluble m water, its 
I absorption coefficient bet ween 10° and 41*5°, 

: Recording to Schonfeld (Annalen, 93, 26 ; 96, 8), 
is 

3*0361 — 0 0161 96/ +0 0001 107/ 2 
i by means of which the following table showing 
i flic volume of chlorine at 0° and 760 mm. ab- 
1 sorbed by 1 vol of water at varying tempera- 
! tures from pure chlorine gas having a pressure of 
I 760 mm is calculated : 

! io * jf»" 20 ° 2 . r /’ :io° :tr. r 

| 2 5852 2*3681 2 1565 1*9504 1*7499 1*5050 

(e also Pickering, ('hem. Sot*. Trans. 1880, 
139). 

The volume of chlorine absorbed from a 
mixture of that gas with an indifferent gas, as 
hydrogen or carbon dioxide, is greater than that 
calculated from the law of partial pressures 
(Roseoe, Chora. Soe. Trans. 8, 14). 

Ohlorine-imter has the characteristic smell 
and colour of the gas ; in daylight, and especially 
when exposed to sunshine, it gradually loses 
its colour owing to the action of the chlorine 
on the water, the main reaction being 
II. O j-Cli“2IICl+0 

Chlorine Hydrate A solution of chlorine 
in water below 9° deposits crystals of so-called 
chlorine hydrate of a light-yellow colour, 
which become almost whito when cooled to 

50°. By gently heating the crystals in a 
sealed tube, they are readily resolved into 
water and freo chlorine, which may be thus 
obtained as a liquid. 

General Chemical Properties. — Chlorine 
is an active chemical agent, and combines 
with many of the elements even at the ordinary 
temperature. Phosphorus ignites spontanc- 
i ously in the gas, forming phosphorus trichloride. 
Finely divided arsenic, antimony, copper, tin, 
lead, and iron burn in chlorine, forming the 
Respective chlorides, but most of these metals, 
when presented in bulk, behave quite differently, 
as the traco of solid chloride fprmed acts as 
an impervious layer and the reaction can pro- 
; need no further ; but motallie tin forming a 
1 liquid chloride ftnCl 4 is ontirely converted into 
that chlorido. Chlorine and hydrogen may be 
mixod together m tho dark without combining, 
j but such mixtures explode violently in bright 
j daylight or when heated. During any of the 
I above acts of combination much heat is evolved. 
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Certain of these reactions are modified if the 
chlorine is absolutely free from moisture. 
Wanklyn (Chem. News, 20, 271) found that 
sodium might be melted in dry chlorine without 
action, although the metal readily burns in 
chlorine as ordinarily prepared. Cowper (Cliem. 
Soc. Trans. 43, 153) found that Dutch metal, 
zinc, and magnesium we.ro unacted upon by 
dry chlorine ; silver and bismuth were only 
slowly attacked. The indifference of dry 
chlorine to steel and brass enables liquid chlorine 
to bo manufactured and shipped in vessels 
made of those metals. 

With many inorganic chemical compounds 
chlorine also combines directly, thus it. unites 
with sulphur dioxide, carbon monoxide, phos- 
phorus trichloride, ferrous chloride, stannous 
chloride. 

With very many organic non -saturated 
compounds chlorine also combines directly, 
e.g with ethylene, acetylene, and benzene 
(under certain circumstances), and additive 
compounds are formed ; in the case of acetylene 
the reaction is so energetic that it. becomes 
explosive ; lignocellulo.se also readily combines 
with chlorine. 

With saturated organic compounds as 
maish gas and the paraffins, acetic and, alcohol, 
&c., chlorine forms one or mo** substitution 
products, and the eliminated hydrogen is 
simultaneously converted into hydrochloric 
acid. 

With such organic compounds as benzene 
and toluene, chlorine may react either to form 
addition or substitution products, or both 
simultaneously, and such reactions are largely 
influenced by the temperature and by the 
presenco of other substances as ferrous chloride, 
iodine, &c. 

With turpentine chlorine reacts so readily 
that the oil inflames spontaneously, and much 
of it is totally destroyed with tho production 
of free carbon and hydrochloric acid 

In presence of water chlorine acts on many 
substances, both inorganic and organic, as a 
powerful oxidising agent, and these reactions 
may be explained by the assumption that tho 
mixture reacts to a small extent to form hypo- 
chlorous acid, that is IlOlf f (!l 2 =H()(fl-f H(J1 ; 
hypochlorous acid is an intensely active sub- 
stanoe, capable of converting manganous oxide 
into pormanganic acid, chromium tnoxido into 
ehromio acid. The oxidising action of chlorine 
and water often becomes more* energetic in tho 
presence of bases. In this way monoxide of 
lead may be converted into dioxide, manganous 
oxide into manganese dioxide, sulphur into 
sulphuric acid, forrocyanides into fcrricyanides, 
manganates into permanganates, and many 
organic substances and colouring matters may 
be more or less completely oxidised. 

Industrial Preparation of Chlorine. 

Chlorine gas has boon prepared on the Hmall 
industrial scale by the addition of strong sul- 
phuric acid to a mixture of sodium chloride and 
manganese ore (which is essentially manganese 
peroxide) and heating. 

The commercial processes of preparing 
chlorine to-day are described in the following 
account in detail, in the order of their develop- 
ment : — 


(а) The action of an aqueous solution of 
hydroehlorio acid on one or other of the higher 
oxides of manganeflo, or their compounds at 
temperatures below 100° : 

4 H Cl ( solu tion) + MnO 2 = Cl 2 + MnCl , -f 2H 2 0 

(б) The action of hydrochloric acid gas on 
atmospheric oxygen in the presenco of catalysts 
(as copper compounds) at temperatures just 
below a red beat : 4H(.ll-f-0 2 =201 2 -f 2H 2 0. 

(c) The electrolysis of metallic chloride (as 
sodium chloride, potassium chloride, zinc 
chloride), which arc occasionally anhydrous 
and fused, but are much more generally em- 
ployed in aqueous solution , 2NaCl=Cl 2 4-2Na ; 
and ZnCl 2 =CI,+Zn ; the energy absorbed in 
these reactions is supplied electrically. 

A number of proposals or non-important 
methods aro briefly enumerated. 

(a) The Aquams Hydrochloric, And and 
Manganese Oxide Method — The solution of hydro- 
chloric acid used is obtained in the manufacture 
of sodium sulphate that is salt cake ; it is 
known as ‘Commercial Hydrochloric Acid,’ or 
as ‘Muriatic Acid.’ The solution used should 
be as strong as possible, because complete 
exhaustion of the a^id by manganese peroxide 
is impracticable, and a residual liquor containing 
a considerable amount of unavailable acid is 
always loft The stronger the hydrochloric 
acid solution to start, with the smaller the 
percentage of the total Hdl which is lost (for 
actual figures, see below) 

The manganese ore used for the generation 
of chlorine should contain a high percentage of 
Mn0 2 . The two next lower oxides of manganese 
also liberate chlorine, but only a smaller pro- 
portion of the total chlorine employed as shown 
by the following equations : — 

Mn().+4HCJ1=C1.,-| MnCl,+2H/> 

Mn s (VI <»H(!l-Ci;+2Mn(i+3H 2 <> 

Mn 3 0 4 +8 HC1 ~C,l 2 -b 3Mn< U 2 d 411 *0 
Pyrolusite is the manganese ore generally 
used ; it usually occurs in distinctly crystalline 
masses of a fibrous structure ; its sp.gr. is 
4'7-5, and it.H colour iron-black to dark stool- 
grey with a metallic lustre ; it, also occurs as 
amorphous friable masses that soil the fingers. 
It has been mined in North Wales, and occurs 
in quantity in (lorm any, Bohemia, Transyl- 
vania, Russia, India, Australia, Japan, and the 
United States of America. 

The chief source of the industrial pyrolusite 
used in this country is Southern Russia. The 
ore varies usually from 75 p.c. to 85 p.c. MnO a . 
An average analysis of tho Russian ore is : 
80 p.c. Mn0 2 ; 1 p.c. MnO ; 3 p.c. H._>0. 

It is customary to buy and sell manganese 
oro on tho percentage of Mn0 2 only. 

The higher the percentage of Mn0 2 , the more 
valuable the ore, as the purities, oven if sub- 
stances such as BftSO„ and Si0 2 , do harm by 
coating tho particles of MnO a and preventing the 
action of the II (II, and aho by adding to the 
amount of waste material to bo handled. If 
the impurities are carbonates (CaC0 8 , BaCO a * 
&c.), they not only waste hydrochloric acid, 
but the CO a evolved during their solution harms 
tho bleaching powder into whioh the bulk of 
industrial chlorino is madei 

The physical condition of the manganese ore 
is also important, the softer ores being preferable 
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to the harder ones, which are more slowly acted 
on by the hydrochloric acid. 

For generating somewhat small quantities 
of chlorine the generating vessel, or still, may 
be made of stoneware. Fig. 1 shows one of the 


best- known forms of 
stoneware stills, in- 
tended for heating from 
the outside in a water- 
or steam-bath, made of 
wood or masonry. The 
manganese is placed in 
the perforated cylinder, 
which holds about 1 
ewt., and is put in and 
out by means of spool - 
J?jG. 1, ally shaped tongs, 

through the large open- 
ing. Tho small necks serve for introducing the 
acid and taking away the gas At the end of 
the operation the still liquor is drawn off by a 
siphon, or by a discharge pipe passing through 
the steam-jacket Such small stillH permit of 
careful and economical working so far as mate- 
rials aro concerned, since tho acid is not diluted 
by condensed steam. 

Fig. 2 shows a contrivance which allows the 
chlorine pipes and the mam pipe to be instantly 
connected or disconnected. There is a Y- 
shaped load pipe a, the upper arms of which aro 
converted into hydraulic lutes by 1 burning ’ 
an outer pipe, bb, on to them. The ends of 
the gas pipes, both that leading from the stills 
r, and that leading to the gas main d, aro 
widened out into cups dipping into the water 
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which til Is theannularspaco 
at b The rubber pipe c 
and its attached cup eon- 
tain sufficient water to fill 
and thus stop the gas- way 
a whenever the pipe and 
cup are raised. 

• For generating large 
quantities of chlorine the 
stills are made of silicious 


sandstone or other stone 


not acted upon by acids, not pervious to them, 
and not liable to crack by rapid changes of 
temperature. Such stone is found at Southow- 
ram, and is known as ‘ Yorkshire hag.’ 

A small old-fashioned stone still is shown in 


Fig. 8, which represents it cut through in the 1 
middle. The bottom is formed by a stone, ; 
10 to 12 inches thick, with grooves for tho sides i 
to fit in. The sides are stone slabs, 5 to 6, or 
even 8 inches thick, and joined at tho comers 
on the ‘ feather and groove ’ principle. The 
end stones project both ways over the sides, 
which fit into grooves cut in the end stones. 
Tho joints are made tight by dressing a small 
groove into the two adjoining facos, and placing 
a | -inch india-rubber cord in the channel tlius 
formed. The lid consists of one or more stones 
laid in a rebate, and tho joint is made gas- 
tight by partly filling tho rebate with a putty 
of linseed oil and china-clay. The diagram 
shows how the still is fitted .with the following 
parts. A false bottom a; a pipe b, for tho 
introduction of hydrochloric acid, sealed at 
the bottom by the acid in a small earthenware 
bowl ; a leaden steam pipe, c, connected at tho 
bottom with a stone or stoneware steam column 


d, which is provided with side holes (not shown 
in the figure) situated a short distance above 
tho bottom slab, for tho issue of the steam into 
the acid, and at the top by the loop e with a 
tap / (the loop protecting the tap to some 
extent against the action of the chlorine) ; the 
earthenware or leaden gas pipe g, tho connection 
of which with the gas main h can be opened or 
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shut off at will by putting moro or less water 
into the pot t. The man hole for charging the 
still and the discharging hole must bo nssumed 
to be provided in that half of the still not 
shown m the diagram These stills are made 
7 yf»x3 feet, inside measurement, and upwards. 

Fig. 4 shows a still of tho bcvol-joint type, 
seen from above, with the cover removed ; -a 
are the Hags forming the false bottom, ono of 
which, a', is made to stand up ; c is the steam 
stone, but the long central hole and tho radial 
short holes for tho passage of the steam are not 
shown ; a, n, r, pare the rods binding the stones 
together by means of the cast-iron corner 



pieces 6, b. Tho joints are made by the com- 
pression of the stonoa on to round rubber cords 
shown as black dots in each comer joint in the 
figure. The cord for tho bottom joint may be 
one inch diameter, that for the upright joints 
may be J inch diameter; the junctions of the 
several cords with each othor are made liquor- 
tight by boring wiiji a cork borer a comparatively 
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small hole in one cord, and then inserting the 
end of the other cord into the broad end of 
a hollow conical steel neodle, which is smeared 
with glycerin, the second cord may bo passed 
through the hole m the first cord and the small 
projecting end neatly cut off. 

The Process . — In order to work the stills, 
those of smaller sizes, Fig. I, where the manga- 
nese is contained in a sieve, are usually first 
charged with the requisite quantity of acid. 
The Biovo containing the manganese (about 
1 cwt.) is then put in, the cover is at once put 
on and made tight by water-luting or cementing, 
and the evolution of chlorine bogins forthwith. 
When it slackens, heat is gradually supplied 
by turning on the steam till the acid is exhausted. 
The stills are then allowed to cool down, usually 
till the next morning. They are then opened, 
the sievo is lifted out, the manganese remaining 
in it is washed and replenished by more ore, the 
liquor is siphoned or run out of the still, fresh 
acid is run in, and a new start can 1 m* made at 
once. 

'I 1 he large stone stills aro charged with from 
I) to 10 ewts of manganese broken up into 
pieces, which must lie smaller in the ease of 
hard ores, but should not he too small, lest too 
much is washed down below the false bottom. 
The manhole is then closed and acid is run in, 
at first quickly, afterwards gradually, so that 
it takes sovoral hours to run in the full charge 
All this time chlorine is given ofl, much heat 
being generated in the process, of course much 
more with concentrated than with somewhat, 
dilute acid. When the ovolution of gas becomes 
slow, steam is injected into the still, but very 
cautiously, as otherwise the water might be 
thrown out of the lutes, and only at intervals, 
for instance for 10 minutes every hour. Too 
much steaming causes too rapid an evolution 
of chlorine, and the volatilisation of much acid 
and water. The temperature of tlio stills ought 
never to got, above 00°. It is preferable not to 
steam all the stills of a set at the same tunc, 
but in regular rotation, to produce a more 
continuous current, of chlorine. Chlorine stills 
ought to be kept going at. least 24 hours, but 
large stills are better kept going for 48 hours, 
as more of the acid will then be utilised. 

When tho waste liquid, ‘ still liquor,’ is run 
off it emits an intolerable stench of chlorine, so 
that this operation is most irksome, both for 
the workmen and those people who live near the 
works. Tho * still liquor, Avon after lieing 
freed from its muddy constituents by settling, 
is, mi account of its acidity, one of tho worst 
nuisances for any watercourse into which it 
may bo run. Tiie.se nuisances have been com- 
pletely overcome by the introduction of tlio 
Weldon process, where the still liquor from tho 
fresh manganese ore is run into the Weldon stills, 
as described a little later on, and at wonks 
where chlorine is made on too small a scale to 
permit of applying the Weldon process, tho 
still liquor now has to be run into a closod 
tank, and neutralised by chalk or limestone dust 
before running it away, even in a very diluted 
form. 

The chlorine evolved in the stills is always 
contaminated with hydrochloric acid gas, and 
a considerable amount of aqueous vapour *bn 
account of its high temperature. To remove 


these impurities the gas is passed through a 
long string of earthenware or lead pipes, exter- 
nally cooled by air (or, if needful, by water), 
so that, the water vapour condenses, and the 
water produced dissolves the hydrochloric 
acid gaS, and both are then drained away by 
trapped escape pipes. 

The Chemistry of the Process . — Tho first 
reaction taking place in the chlorine stills is : 
Mn() o -|-4HC!l=Mn01 4 -l-2H 2 0 or (more probably) 
2MnO 2 + 8HCI = M n 2 ( 51 6 -\ 4H 2 0 + C1 2 . (There 
is some discrepancy of opinion as to which 
of those two chlorides of manganoso is formed. 
Compare W. W. Fischor, Chem. News, 37, 250 ; 
U. iS. Pickering, ibid. 30, 225 ; Borthelot, 
Compt. rend. 01, 251.) 

These chlorides, MnCl 4 and Mn 2 Cl # , form a 
dark-brown solution which quickly decomposes 
even at the ordinary temperature into MnCl 2 and 
free chlorine, so that the ultimate result is : 
Mn0 2 ( 4HCI=MnCl 2 4 2H 2 0-FCF ; but this 
reaction is only completed at about. 100° and 
with a certain excess of hydrochlouc acid. 
Theoretically for 100 parts by weight of Mn0 2 , 
or an equivalent quantity of manganeRo ore, 
almost exactly 170 dry JH(!1 or 530 acid of 
32° Tw., ought to be consumed ; practically, 
at least., 10 p.c more ir used, and with low- 
strength acid, hard manganese, direct steaming, 
&.c. t twice the theoretical quantity of acid may 
be required to be present. 

The still liquor contains chiefly manganous 
chloride, free hydrochloric acid, the chlorides of 
other metals present m the ore, and a little 
chlorine. 

Black’s analysis of still liquor, in a well- 
conducted works, showed how incompletely the 


acid ib utilised : 


Mn(!l„ . 

. 100 

H( !1 “ . 

. fl-6 

ai 2 ci 6 . 

0 0 

Fe 2 (!J B . 

0-5 

Cl 2 

not determined 

Tf.,0 (by diff ) 

. 81*7 


100 0 


On the assumptions that all tho manganoso 
in the ore was in the form of MnO>, and that no 
hydrochloric acid gas was carried away by tho 
oiilorinc, it follows that out of every 100 parts 
of HC1 added 33 ’0 parts had been loft untouched. 

The free acid is tested for in daily practice by 
an easy but approximate method, namely to 
a measured volume of still liquor, standardised 
caustic soda liquor is run in from a burette 
till the formation of flakes of Fe,(()H) e , which 
do not dissolve on shaking, indicates tho satura- 
tion of the free acid. 

Treatment of Sttll Liquor for Recovery 
of the Manganese and the Method of 
using the Recovered Manganese. Many 
suggestions have been made and tried with this 
objeot. but one process has proved superiof to 
all others, and is now universally adopted 
Tho lirst foundations of this process were laid 
in 1837, when (lossagc precipitated the still 
liquor with lime, ran off the supernatant liquor, 
and agitated the precipitate with air ; the 
oxidation was, however, very Blow, and was 
never so much as half complete. In 1866 
Walter Weldon made his first attempts, and 
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by 1869 his new process was in commercial use 1 poured on to ground ohalk. When the free acid 
at Messrs. Gamble & Oo.’s works at St. Holons, lias been neutralised the ferric chloride, and 
and bv 1871-1873 had beon so improved as to | aluminium chlorides shown in the preceding 
be adopted by all English and continental analysis are also converted into calcium 
alkali works. The apparatus employed has chloride and ferric and aluminium hydroxides, 
received but few modifications, but the con- and these last carry down, as ferrio arsenate 
duotion of process, which in the critical part is j any arsenious acid originally present in the 
complicated, and still not thoroughly explained, | muriatic acid. During this treatment any sul- 
has been more modified. In the following tho | phuric acid present in the muriatic acid is con- 
apparatus and process arc dosoribed together, verted, as already mentioned, into 0aSO 4 ,2H 2 (). 
and in the sequence of events occurring when ! Comploto neutralisation is necossary to remove* 
starting up a new plant. all the impurities named, and also to prevent 

Fig. 5 shows the plant, in elevation. j corrosion of the settling tanks a, a, into which 

The process is commenced in the stone still tho liquor is noxt pumped, but the excess of 
e, which has been already described in con- | OatJO, employed should bo the smallest possible 
struction and process by Figs. 3 and 4 and tho i to reduce the cost of the subsequent settling 
accompanying text. The only changes de- ; and filtering operations and tlioir loss of 
manded by the Weldon process are: (1) That i manganese liquor. 

tho acid employed should he as free as possible 1 As soon as tho neutralised liquor in xmo of 
from sulphuric acid, because when subsequently ( tho wells u is ready a swivel pipe is lowerod 
the liquor is treated with calcium eaibonato . from above into the liquid, as shown in Fig. fi, 
the voluminous crystalline noodles of (!a,S0 4 2JI 2 0 in the left-hand well, and the turbid liquor is 
that are formed entail extra labour and expense, [ then piped to the force pump shown in the 
in filter pressing and removing the filter cakes, figure in front of the third tank j> from the left, 
and thore is an accompanying loss of manganese The internal working parts of this pump are 
chloride solution. (2) That, the run-off pipo for made of gun metal Tho figure shows the 
the still liquor, instead of leading into a neutralis- delivery pipo rising to the top of the plant, 
ing well, leads into a mud still T), which is shown then running horizontally and discharging 
in section m Kig. 5. The utility of this last through control cocks into one or other of tho 
change does not arise until a later stage in the four chlondeof manganese settlers a, a, a, a. As 
process, and the spocial construction of this soon as the well « is emptied and the pump 
largo mud still n will therefore not be now stopped, a small valve is opened at the base of 
described tho pump delivery pipe, and the pipes thus 

The still liquor may be at once run from j> drainod back into the well ; the swivol pipe 
into one or other of the two neutralising wells taking the liquor from tho well is also with- 
o, o by means of pipes or covered channels drawn ; these things are done to prevent 
.'ot> shown in the figure, and charge aftej* charge corrosion of the pipes. The well is then ready 
of native manganese ore is dissolved in E in to receive it-s noxt charge, and so on. 
the same way, filling the wells G, a alternately Tho chloride of manganese settlors are made 
and repeatedly for the next operation. of jj-mcli thick boiler plates, and are 18 feet by 

The neutralising wells a, a arc sunk in tho 12 feet, and (i feet deep, and thoroforo are carried 
ground on a bed of puddled clay, and after by a very strong timber framework that rests 
being built are surrounded by puddled clay to upon tho strong brick walls that carry the 
prevent possibility of leakage ; they are built, settlers <i,r, c. As thestoek of liquor m a does 
of large stone slabs of acid-proof Yorkshire flag, not fill the tank, and is moreover not sufficient 
as already described for the still e, except that for the next operation, tho processes already 
it, is much larger anil is octagonal in shape ; dosoribed must be repeated until at least, one 
thoir dimensions are, depth (i feet, diameter settling tank a is quito full. After making 
feet. On tho top of the wells two largo the last addition a few hours’ settling should 
timber beams are soon supporting the agitators allow tho liquid to settle quite clear; it is 
composed of wooden gates driven by short important that tho liquor going forward 
vortical shafts (situated above the liquor level), to the next operation should be quito cloar, 
and largo crown wheels and pinions situated otherwise tho charge in tho noxt operation is 
above the timber beams ; the pinions are driven apt to froth oVer, and also the recovered 
by one horizontal shaft and the small steam manganese will consume an undue amount of 
engine situated between tho two left-hand mud acid. 

stills d, r>. The liquor, while continuously As the correct proportioning of the manganese 
agitated, is slowly treated with crushed chalk chloride liquor and the milk of limo in the 
or powderod limestone, which is preferably following process are admittedly the key to the 
very finely ground. The free HCI is first acted rapidity of the subsequent absorption of oxygen, 
upon, yielding calcium chloride, which is an and as no practical method of regulating this 
essential component for the remaining processes, proportion is dosenbed in Lunge’s standard 
and. carbonic acid gas, which in escaping carries work, “ Sulphuric Acid and Alkali,” and as it is 
away the small quantity of dissolved chlorine admitted that milk of limo differs very eonsider- 
gas ; these two objectionable gases are pro- ably in its initial action on manganese chloride 
vented from escaping freely into the air by liquor, according to the source of tho lime and 
oovering the wells with strong planks well the manner of making it into milk, the usual 
tarred and by connecting them to the suotion of description is here slightly modified so as to 
the nearest chimney by an earthenware pipe, contain a means of ascertaining and controlling 
Towards the end of the operation the additions theproportions of MnCl a and CaO used, 
are made slowly, and with frequent testing of ^Having correctly measured the length and 
samples, by seeing if they effervesce when width of the settler a and the position of the 
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surface of the liquor, and recorded these measure- 
ments, and having also taken a sample of the 
liquor for analysis as shortly described, the 
clear liquor may be drawn off from the settler 
by lowering a swivel pipe just under the surface 
of the liquor, where the open end of tlio pipe 
can bo inspected and the liquor above it can 
be seen to bo quite dear. The bottom end of 
the swivel pipe is attached to the sido of the 
tank about a foot above the bottom of the 
tank, so as to leave plenty of room for the mud 
to collect and to be stored pending its removal. 
Outside the tank the flow of the cleai liquor is 
controlled by a cock, and cocks control itB 
entrance into the oxidising tower n, shown in 
Pig. ft, or into a second similar tower situate 
just behind it. The treatment of the mud left 
in the tank will bo described later, as it is lirst 
allowed to accumulate. 

The oxidising towers u are made of $-inch 
thick boiler plates, and they may be 8 feet 
diameter and 28 feet high, the bottom is Hat, 
and the top is cjuito upon. The pipe bringing 
the manganese chloride liquor enters the tower 
about 0 foet from the top of the tower, and as 
the tower shakes considerably during the 
subsequent operations, the connection botween 
the tower and the clear liquor mam is made 
through a short piece of mdiaiubber pipe. The 
diameter and height of the tower being caiofully 
measured, its capacity when half full is calcu- 
lated, and a furthor reckoning gives the new 
position the surface of the liquid will occupy 
in the settlor a When the tower has been huif 
tilled, and as the liquor approaches this level 
the top of the swivel pipe may be set to give 
exactly the desired amount of liquor. When 
the liquor ceases to run the cocks are closed, 
and the residual liquor m the settlor is reserved 
for the finishing of tho charge as explained 
later 

Tho manganese chloride liquor should bo 
tested for MnCl 2 by dilutmg a measurod sample 
with boilmg water, adding zmo oxide until the 
mixture is white as milk, and, lastly, adding 
standard potassium permanganate with occa- 
sional boilings, until tho supernatant clear 
liquor shows a pink flush ; the reaction yields a 
mangamte exactly like the Weldon process under 
consideration ZnO+MnO+0=ZnO*MnO i!t and 
tho necessary oxygen is obtained from the 
permanganate similarly 

3Zn0+2KMn0 4 

=K,0-ZnO+2(Zn0-MnO 1 )+3O 

The percentage of manganese chloride having 
been calculated from the analysis, tho lbs. of 
manganese chloride in the batch is then easily 
reckoned. 

The temperature of the manganese liquor 
in the tower will be above atmospheric tempera- 
ture, and in subsequent operations will lie still 
more so, but experience has shown that if it is 
below 5f>° C., it should bo heated to this point 
by blowing in steam The steam pipe is not 
shown in the figure, and because of tho shaking 
bf the tower it must pass over the top of the 
tower, and terminates at tho bottom of the 
tower in several branches containing perfora- 
tions. The temperature is ascertained by drawing 
a sample from a sampling cock situated in the 
testing cabin, shown in the figure, from which 
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cabin there is easy access to all other parts of 
the plant. 

The manganeso chloride liquor during the 
above heating may be agitated, and for the 
subsequent operation must be well agitated. 
This agitation is effected by a blast of air. 
Tho blowing engine-house is shown on the left 
hand of Fig. 5. The right-hand cylinder and 
fly-wheel constitute the steam engine, tho steam 
supply pipe being shown descending to the 
centre of the cylinder. The left-hand cylinder 
is tho blower ; the air is taken in on the ends 
of the oylmdor through numerous valves of tho 
flap type, laced with rubber, and is dohvored 
through the pipe shown leading to the air 
pressure regulating vessel w , and thence by tho 
7- inch diameter pipe d over the top of the 
tower n, because of tho considerable shaking 
of the towei during the subsequent operations, 
and thence to the bottom of tho tower, where 
it ends m a cross or a gridiron of pipes, marked 
n in Fig.* 5, that, contain a multiplicity of 
perforations on their underside, so that tho 
pipes keep themselves clear from the liquor 
and mud treated in the tower. When used for 
agitating purposes alone the blast of air roqunod 
is not great, but the blast can be regulated as 
desued, and as described later, can be increased 
very considerably. 

Milk of lime is required for the next opera- 
tion, and it is prepared m th<J upper of tho two 
tan Its, j, j, shown in Fig. ft. Each of these 
tanks is made of boiler plate, and is provided 
with an agitator, tho drive being effected by a 
small steam engine affixed to the right-hand side 
of the upper tank j, and transmitted by a 
sbalt and two small bevel pinion wheels to 
either or both of the bevel crown wheels seen 
on tho tops of the two agitator shafts. The 
upper tank only contains a hme cage, the bottom 
of winch is indicated by a horizontal lmo above 
the third ugitator blade ; the cage is built of 
iron rods or poifoiated metal plates on the 
bottom and sides , the top of the cage is quite 
open. The tank is filled with water while 
steam is being also blown in, until the hot 
water stands well above the level of tho bottom 
of tho cage. Quicklime is selected so as to con- 
tain less than 1 p.c. of magnesia ; it should be 
well burnt, but not over- burnt. Tho magnesia 
is very objoctionable, because it accumulates 
during the repetition of the following processes, 
and in the generation of the chlorine it neutralises 
acid to no purpose ; the method of removing 
it is described later. Well-burnt limo does not 
contain moie than 2 p.c. carbonic acid, and it 
slakes quickly and completely, giving a milk 
that is particularly free from grit. Over-burnt 
lime slakes exceedingly slowly, and the resultant 
milk contains large quantities of minuto grains 
of unslaked lime, that react only exceedingly 
altfwly with water or the manganese calcium 
chloride liquor, and so remain inert until the 
chlorine is generated, when they neutralise 
acid to no purpose. The selected qu.t khme in 
the form of largo lumps is put into the cage, 
it soon slakes, generating thereby much heat, 
and this addition is continued until he milk 
registers fiO° on Twaddell’s hydrometer, the 
test jar being gently rotated the while ; the 
mule Men contains 20 lbs. OaO per cubic 
j foot, and is as strong as can be conveniently 
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either native or recovered Mn() r Rome pro- 
cesses patented after theirs (Hend0raon^lH71 ; 
Weldon, 1871 ; Wigg, 1873, &c.) proceed on the 
same linos, -but liavo not been practically 
successful. 

The Deacon process starts from the well- 
known fact that a mixture of hydrochloric acid 
gas and oxygen at a temperature just below a 
red heat, especially in contact with porous 
substances, partially changes into chlorine and 
water: 2HCI \-i)~ HLO 1-Cl 2 . This decom- 
position is very much assisted by the employ- 
ment of substances winch serve as oxygen- 
carriers, and of these the salts of copper (pre- 
viously employed by Vogel, 1855; (bitty and 
Laurent, 1860 , Mallet, i860), have been found 
most useful. 1’iobably m all cases cupric 
chloride is formed, winch at once splits up into 
cuprous chloride and tree chlorine The ( -l a 
combines with oxygon to form oxychloride 
OuO’CuCljj, and this acts again upon lldl, 
yielding water and rolomnng cupric chloride, 
so that the reactions can begin over again-: 

(1) 20uCl i =-Cu.,Cl J +Cl, 

(2) (JujjCl., + 0 = Cl— Cu — ()— Cu — (11 

(3) Cu J 0Cl,+2HCl=H J 0-| 20uCl, 

Theoretically, all the MCI would thus be con- 
verted into chloune, but in practice, undei the 
best conditions, about two-thuds ol this decom- 
position is effected. The undecomposed MCI is, 
however, not lbst, but is recovered and can be 
utilised for othor purposes, c <j. for the Weldon 
process 

From a diagram constructed by H inter, 
showing the allimty of technically available 
elements for oxygen, chlorine, and hydrogen, it 
appears that no other metal than coppei forms 
two oxides and two chlorides, m which the com- 
bination is of so loose a character it is there- 
fore almost a certainty that a cheaper and 
equally efficient catalyst cannot be found, and 
that the Deacon process is the best foi the 
direct conversion of gaseous lit *1 into free 
chlorine. 


HC1. An excess of air is less injurious than a 
deficiency of it, m which case there is a poor 
decomposition. 

The gases leaving the pot are first oooled by 
a long string of pipes and a scrubber; thus 
much of the water and about J or £ of the HOI 
is removed. A patent by Deacon and Hurter 
(Eng. Pat. 2104, 1888) provides for pooling the 
gas and drying it in a sulphuric- acid tower 
before it enters the decomposer, such complete 
drying being very advantageous for the pro- 
cess. The gases now enter the heating apparatus. 
This is a furnace, 10 feet x 10 feet, in which 
twenty-six vertical pipes, 12 inches wide and 
9 foot high, aio arranged m two sets of twelve 
each, connected like the 1 breeches pipes ’ in the 
blast-heating stoves, formerly used in ironworks 
and now replaced by brick heaters. 

TJio gases aio hoio boated up to 000° ; the 
waste heat of the furnace is sufficient for heating 
the decomposer, which does not possess a;iy fire 
of its own. 

The gases now pass into the decomposer 
(Fig. (>) This is an uptight cast-iron eylmdor, 
12 to 15 feet wide. 

It contains a 
cylindrical ring 
of broken bricks 
D, u, supported 
by two cylindrical 
east- iron rings of 
shutters placed 
concentrically one 
within the other. 

The gases enter at Flo. 0, 

the circu influence 

at a, pass radially across the decomposing mass 
l) into the inner space, and are led away through 
the pipe on. The annular space between 
the shutters is 3 feet wide, and is divided into 
six compartments, one of winch is emptied 
every fortnight. Tins is done by means of tlie 
' discharging doors c, c below the eylindeis. 

1 Kresli decomposing material is then thrown in 
! from above through E, e ; this material consists 



Deacon’s process deals with the gaseous , of burnt clay broken up into lumps, or ordinary 
hydrochloric acid, as it is evolved m docom- bricks broken, freed from dust, and dipped into 
posing common salt by sulphuric acid without ; a solution of cupric chloride. The mass eon- 
condensmg it into liquid acid. Tins is evi- tains about 0 0-0*7 p.c. of metallic copper, 
dontly a great advantage in one way, but when After the active substance has served once, 


the salt cake is made in the ordinary band- 
worked pot and furnace, it lias the drawback 
that jn the beginnmg of each operation much 
more MCI, and lienee more Cl ,*is got than after- 
wards. In practice, only tho gases from the 
decomposing pots, say 08-70 p.c. of the total 
HCl, are used for the Deacon process, those 
coming from the roasters being too dilute and 
containing too much sulphuric acul. In order 
to equalise the operation to a certain extent, 
the gases from two salt-cake pots can be mixed 
and tho pots worked alternately, so that the 
strong gas from the oariy part of one charge is 
mixed with** the weak gas from tho latter part 
of the other charge. % 

The quantity of air necessary to form chlorine 
enters through the joints of tho doors and 
dampers. It is regulated by the speed of the 
aspirator (a Root^s blower) or cast-iron fan, 
which is placed at the end of the whole apparatus 
and produces the movement of the gases through j 
it. Usually there are 4 vols. of air to 1 vol. of ' 


that is, for 10 to 12 weeks, it is thrown away. 
Each cwt. of clay produces about 10 to 12 cwts. 
of bleach. It has been found useless to attempt 
utilising the contact substance by redipping 
it. in the copper solution or in any other way. 
The cost of copper for tho contact substance 
docs not exceed Is. por ton of bleach produced. 

The temperature, both in tho heating appa- 
ratus and in the decomposer, must he most 
carefully rogulated, for which purpose special 
pyrometers have been constructed (<:/. Hurter 
on Pyrometers, J. Roc. Chem. Ind. 1886, 625). 
In the decomposer, it ought to range from 480° 
to 500°. 

Whon tho gases leavo tho decomposer, they 
consist of a mixture of HCl, free Cl a and steam. 
In the best case, two-thirds of the HCl iB con- 
verted into chlorine, but sometimes only one half. 
The hot exit gases are now cooled by passing 
through a long string of earthenware or glass 
pipes, and are then freed from HCl by washing 
with water in the ordinary acid condensers, 
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consisting of stone towers filled with coke, 
combined or not combined with acid cisterns, 
WoUlff’s jars, &o. By properly managing this 
process, all the acid can be obtained in the 
strong state, as required for the Weldon procoss 
and other purposes. 

The gases oan now bo employed directly for 
making bleach liquor or chlorate liquor from 
milk of lime. If, however, bleaching powder is 
to be made, they must bo frood from water 
because the ratio of water to chlorine is so great 
that strong bleaching powder could not bo 
made ; the amount of wator depends on the 
temporaturo, und can bo found from tables of 
the tension of aqueous vapour ; tho amount 
of chlorine is at most 10 p.c. by volume. The 
water is removed by passing the gaRos through 
a lead tower packed with eoko, down which 
sulphuric acid of not less than 140‘Tw. is kept 
flowing. 

As will bo soon from tho description, there 
is theoretically no loss of 1 1 < -I in tho Deacon 
process, tho whole of the acid evolved from 
tho salt being either converted into chlorine 
or recovered by condensation as liquid hydro- 
chloric acid. In practice, of course, some losses 
occur, but they are not necessarily largo, and 
their amount depends principally on the officioncy 
of the draughting arrangements and the avoid- 
ance of low-lovol escapes at the salt-cake pots 
and furnaces. The fuel used per ton of bleaching 
powder to heat, the decomposing apparatus 
depends naturally on tho officioncy of working 
of the process, and varios from 0 to 10 cwts. por 
ton of bleaching powder 

During the early years of its existence, tho 
Deacon procoss had many dilliculties to contend 
with, and the working results were disappointing 
and unsatisfactory. 

The fact that the impurities accompanying 
the gaseous HOI wore sufficient to seriously affect 
the procoss was not realised. The impurities 
are sulphuric and sulphurous acid, arsenious 
acid, water, and carbon dioxide. 

The sulphuric acid and sulphurous acid 
carried along with the gaseous HOI, especially 
when attempts were made as they frequently 
were in the early days, to utilise the roaster or 
furnace gas as well as the pot gas, converted tho 
OuClj into CuS0 4 , which requires a higher 
temperature and gives a lower decomposition 
than OuCl 2 . 

The arsenious acid derived from the As 4 0 6 
in the sulphuric acid used forms arsenate of 
copper, which is even less roactivo than tho 
CuS0 4 . The presence of those impurities 
necessitated' tho frequent renewal of the de- 
composing material. Wator is one of tho 
products of the decomposition, and hence, 
when present in tho inlet gases, increases the 
partial pressure of the products of the reaction 
and lowers the maximum p.c. decomposition 
obtainable under the conditions of the process. 

Carbonic acid derived from the fuel gases, 
either of the salt-cake furnaces or of tho de- 
composing furnace itself, was a serious obstacle 
to, and frequently entirely prevented, the pro- 
duction of strong bleaching powder. This 
difficulty has been overcome by greater care in 
the oonstruotion of the apparatus and testing for 
leakage. 

It will be noted from the above description 
Vol. II, — T. 


that only the gaseous HC1 from the salt-cake pot 
is dealt with* by the Deacon procoss, and that, 
allowing for tho liquid acid collected after the 
decomposers, about 60 p.c. of the total acid is 
obtained in the liquid form, and has to be sold as 
such or used in some other way Buch as by the 
Weldon process. 

Hasont-lovcr, however (Eng. Pat. 3303, 1883), 
describes a process for gasifying tho HC1 in the 
liquid acid by mixing with strong hot sulphuric 
acid in a series of earthenware vossels through 
which air is blown. By this means, a steady 
continuous stream of gaseous HOI is evolved 
with an easily regulated supply of air. After 
passing through the senes of vessels, tho vitriol 
diluted with the water contained in the liquid 
hydrochloric acid has to bo reconeentrated to tho 
original sp.gr. Tho concentration is generally 
performed in long, lead brick-lined pans, heated 
by top heat., the fuel gases being in direct 
contact, with the sulphuric acid. This process 
is used to a considerable extent, but from the 
large quajitity of sulphuric acid to be concen- 
trated por ton of bleaching powder, a very 
material addition is made to the cost of manu- 
facture. 

Other contact .substance * — Many substances 
have been the objects of proposals, somo of 
which are inseparable from the manufacture 
of chlorine from metallic chlorides, that is, from 
HOI in tho naseont state A general investiga- 
tion on the mutual action of HOI and 0 in 
the presence of certain metallic compounds 
(of du, Fe, Mn, and dr) was made by Lamy 
(Bull. Soc. clnm. 1873, 20, 2). We must refer 
to the original, and will only mention that 
copper salts wore found to bo much more 
efficient than others, and that with these the 
decomposition is at its maximum at about 440°. 

The proposals to employ ferric chloride 
I (Thibiorgo, 1855, and others) or chromic oxide 
(Hargreaves and Robinson, 1872) have not had 
any practical success. 

Nickol oxide was proposed by L. Mond 
(Eng. Pat. 8308, 1880). He passes HC1 over 
boated NiO, when tho chlorine combines with 
the base. The product is then in the same 
apparatus exposed to dried and heated air, 
whereby NiO is reformed and Cl is given off. In 
order to increase the active surface, pumice 
stone is impregnated with the chloride, and 
after drying the mass is exposed to the action of 
the gases in cylinders made of earthenware or 
onamelled iron. The gaseous H01 and air being 
previously heated, the retorts do not require 
very much additional heat from without, and 
thorefore can be made of a largo diameter. It 
is claimed for this process that it converts the 
HOI completely into chlorino, and that impure 
HOI, which is unfit for the Deacon process, is 
here quite suitable. 

J.)e Wilde and Reychler proposed (Eng. Pat. 
17272 and 17659, 1889) to employ a mixture of 
magnesium and manganeso chlorides with 
magnesium sulphate. The reaction takes place 
in two stages. 


[1) Mn,O s Mg 3 +16HCl 

' h -=3MgCl,+3MnCl ! +8H,0+4Cl 

(2) 3MgCl a -t-3MnCl a +80=Mn a 0 a Mg a +12Cl 
The procoss is not, as far as is known, actually 
worked. 
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(c) The. electrolysis of metallic chloride# method. 
— Reeont years have soon a large development of 
electrolytic processes for the decomposition of 
metallic chlorides, chiefly those of sodium and 
potassium into chlorine and alkali. It was 
observed as early as 1800 by Ouikshank that 
on electrolysing a solution of common salt, 
caustic soda was formed at the negative pole. 
Berzelius, H isingor, and Davy all worked on 
the same subject, blit a long time elapsed before 
their observations woro utilised in actual manu- 
facture. 

The difficulties experienced in the electro- 
lytic decomposition of alkaline chlorides on a 
manufacturing scale have been first the cost of 
the eloctne current which was absolutely pro 
hibitive until the dynamo-electrical machine 
had been so far developed as to be a commercial 
reality, viz. in 1872 by Gramme, and when it 
became possible to conduct electrolytic experi- 
ments on the large scale over long periods of 
time, it was soon found that there were many 
and serious difficulties as the corrosion of the 
anodos, the evolution of gas from the cathode, 
the diaphragms were either excessively porous 
or not sufficiently porous, and they disintegrated 
rapidly, there were excessive resistances, volt- 
ages, and the generation of heat, and there were 
secondary reactions, so that, neither the 
chlorine nor the alkali metal product was 
obtained in the expected purity or quantity. 

Tho various eloctrical processes suggested or 
tried for the decomposition of alkaline chlorides 
are all attempts to overcomo economically these 
difficulties. 

Theoretically a current of 1 ampere liberal. as 
in l hour 1 '323(1 grams of chlorine. 

The number of patents taken out since the 
year 1885 in connection with electrolytic cells 
for the production of cklonno, is onormous, 
embodying every variety of shape, design, and 
method of work. We shall only deal with a few 
representative samples, illustrating the broad 
classes of design which have, up to the present, 
boon used industrially on a large scale. 

In describing these developments of the 
electrolytic, processes, and thoir effects upon 
Leblanc’s process, Lepsius in Berliner Berichte 
(1909, 2915) says, with German pride, that it is 
no wonder that the electrolytic process was 
first carried out in Germany, the richest country 
of the earth in salt and potash, and while he 
pities the fate of poor Leblanc, yet he concludes 
with characteristic German military imagination 
and arrogance, that tho bitter international 
struggle between the old process born in France 
and developed in England, and its two younger 
rivals, is now finished after tho crippling caused 
by the Belgian rival, The Rolvay Ammonia Soda 
ProoesB, because there appeared a German rival, 
the electrolysis of the alkali oliloridos, whose 
victorious conquest of the chlorine market ajid 
other successes caused such annihilating wounds 
that the hundred-year old process was no 
longer able to stand. 

Electrolysis of Potassium and Sodium Chlorides. 

The cells may be roughly divided into four 
classes. 

T. The cells in which the electrolyte consists 
of the fusod salt. 

II. The cells in which the eloct.rolyte is a 


salt solution, and *in which the cathode and 
nnode are separated by a po^pus partition. 

III. The colLs in whhih the electrolyte is a 
salt solution, and in which a moving mercury 
cathode is used torooeiveand remove the sodium 
produced. 

IV. Tho cells in which the electrolyte is a 
salt solution, and in which the caustic soda 
solution produced is only kept from mixing 
with the brine undergoing electrolysis by reason 
of tho greater sp.gr. of the former. 

Glass I. The ('ell with the Fused Electrolyte . — 
The best known examples of this cell aro the 
Vautm and the Acker cell. 

The Vautm cell (Eng. Pat. 135(18 of 1893 and 
9878 of 1894) cloctrolysed fused NaCI or KG1, 
with or without, the addition of fluorides or other 
chlorides to lower the point, of fusion, over a 
cathode of molten lead or tin with which the 
sodium or potassium formed an alloy. (See 
paper by Vautm, J. Soo Ghem Jnd. 1894, 448.) 

The Acker cell is designed on the same 
principle as the Vautm cell and makes use of tho 
lead cathode (see Eng Pat. 0(i3(> and 0037 of 
1898). Below is a sketch (Fig. 7) of the Aker 
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cell, taken from a paper by J. B. Kershaw in 
Electrician, Oct. 25, 1901. The bottom of the 
cell v is trough-shaped and of cast iron. It 
serves as electrical connection between the main 
conductor and the mass of fused lead i, resting 
on it The upper part of the cell Q, is con- 
structed of any refractory basic material not 
attacked by chlorine gas or fused salt. The 
anode c is of carbon and dips into the fused 
salt. Th) channels and subsidiary vessel R are 
arrangements designed to remove and decom- 
pose the lead alloy as it becomes sufficiently 
saturated with sodium. Tho decomposition of 
the alloy is effected by blowing steam into it, and 
the heat generated by the conversion of the 
sodium into hydroxide is returned to the coll 
and assists in maintaining the necessary tempera- 
ture. The voltago actually taken by the Acker 
cell is (P75, and the current efficiency 54 p.c. 
(Report of Commission on Science and Arts, 
J. Franklin Inst. 1903, 150). The Acker cell 
was worked at Niagara Falls on an industrial 
scale, from about 1900 to 1907, when the works 
were completely burned down and have not 
been rebuilt. 
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Class II. The Porous Diaphragm Cells . — The 
best known of tho diaphragm cells is the Grio- 
sheim cell, which has been used on a very largo 
scale in Germany, and also in Spain, Franco, 
and Russia. 

Fig. 8 represents the coll in longitudinal 
sectional elevation, Fig. 9 represents it in plan, 



and Fig. 10 represents it in cross sectional 
elevation. The plate upon which the cell rests is 
shown by Pigs. 8 and 10 to be insulated from 



the ground by wooden bars, this is so that a 
number of such cells may bo run electrically m 
series. The containing bath kk, Fig. 8, kmk, 
Fig. 9, m, Fig. 10, 
is built of "sheet 
iron, and its two 
long sides are each 
covered with a 
steam jacket m, tho 
object of which is 
to increase tho 
tomporature of tho 
electrolytes and so 
to reduCe their elec- 
trical resistance. 
The negative elec- 
trical lead is at- 
tached to tho iron 
bath as indicated 
by tho binding 
screw, load and — 
sign on the right-hand side of Fig. 8. Tho bath 
is closed by a cover cut into segments and shaped 
so as to allow of the insertion of tho fi vo hanging 
iron cathode plates b, Fig. 10, and shown but 
not lettered in Figs. 8 and 10, and the six porous 
anode compartments a shown in each figure. 
Water is supplied to the tank k by a pipe (not 
shown), ana Dy the electrolysis of the brine in 
the anode compartment is converted into a 


caustic soda solution and hydrogen ; the caustic 
soda s#ution is drawn off by the pipe under the 
centre of the tank shown in all the figures ; the 
hydrogen gas is led away by a pipe not shown 
to gasholders for subsequent use. The anode 
compartments are composed of iron frames 
covered inside with cement, in the frames are 
set and cemented the porous diaphragms in 
largo flat sheets. These porous diaphragms 
were made by mixing cement, common salt and 
hydrochloric acid m due proportions into a 
paste, and then forming into the shape required ; 
when the salt subsequently dissolves the dia- 
phragm becomes very poi ous. The anode com- 
partments contain the anodes, which woro first 
the ordinary pressed carbons, then gas retort 
carbons, and then carbons prepared in a special 
anode works, where the large pressed plates 
were roasted at the highest temperature of a 
porcelain kiln These special anodes had a life 
of twelve months. Tho Figs. 8 and 10 show 
them passing through the covers of the anode 
compartments, and the external electrical 
connections c. Each covor also contains n 
long tubular earthenware basket z, Figs. 9 and 
10, for the addition of solid salt and a pipe l, 
Fig. 10, for the escape of the chlorine gas. The 
eovers on the bath, and on the anode compart- 
ments, having been made gas tight by cement, 
all the anode connections arc electrically con- 
nected as shown m Fig. 8, all the chlorine pipes 
are connected into a main ll, Fig. 9. and the 
electrical curront may then be forced through 
the cell. 

When the process has proceeded so far that 
the cathode liquor contains about 8 p.c. caustic 
potash or soda and about 14 p.c. of the corre- 
sponding chloride, it was found that the chlorine 
gas contained several per cent, of carbonic 
acid, and as this interferes with the use of the 
chlorine for making bleaching powder, and as 
the destruction of the anodes is too costly, the 
process is interrupted by stopping the current 
and running off the cathode liquor ; tho cathode 
compartment is thon refillod with fresh brine 
and the current restarted. Tho cathode liquor 
is thon ovaporated in large doublo or triple 
effect vacuum ovaporators until it contains 
50 p.c. caustic alkali, during which all but a 
small quantity of tho accompanying chloride 
crystallises out and is afterwards returned into 
tho procoss. 

The corrosion of carbon anodes led to their 
replacement by cist anodes of magnetic oxide 
of iron prepared by fusing ferric oxide in the 
electric aro furnace, whereby there is also a 
partial reduction. The anodes aro difficult to 
prepare, but they have a good conductivity, 
and they last indefinitely. With oxide of iron 
anodes there is no further trouble from carbonic 
acid, but the anode liquor then contains potas- 
sium cblorato which crystallises out and is 
removed periodically and utilised. This output 
of chlorate can bo increased at will by^increasing 
tho strength of the caustic alkali in the cathode 
compartment. 

Those magnetic anodes were exported by 
Gormany to America, but when war was declared 
the supply was stopped and a number of attempts 
were made to produce them in America. Their 
great drawbaok is their extreme brittleness, but 
it has been fopnd that this can be reduced to 
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one-half by suitable slow cooling or annoaling, 
and that it- can also bo reduced to one-third by 
the admixture of about 5 p.c. of copper oxide, 
and by combining both modifications rods of 
3'9 cm. when supported at 1 7*8 cm. apart 
require a weight of 110 kg. in the middle before 
they snap (Thompson and Atchison. Trans. 
American Electrochemical Hoc. 1917, 213.) 

These cells m (Iriesheim absorbed from 1884- 
1892 400 h p , after which it was increased to 
800 h.p., and soon after to 2000 h p ; by 1894 
installations began to be erected elsewhere, 
Bitterfeld in Saxony, Westoregeln, Ludwigs- 
hafen, Lam otto m Franco, Elix in Spain, and 
SlawjanBk in South Russia, by 1909 the total 
h.p. absorbed by this cell was 33,000 (Lepsius. 
Ber. 1909, 289. r >') 

The Hargreaves- Jhul Cell — The following 
illustration shows the Hargreaves- Bud cell (Eng 
Pat. 18871 of 1892; 5197 and 18173 of 1893). 
Tho peculiarity of this cell is that the diffusion 
of the cathode and the anode liquids into each 
other through the diaphragm, which takes place 
in ordinary diaphragm cells, is in this cell largely 
counterbalanced, m far as the diffusion of the 
cathode liquid is concerned, by employing a very 
considerable hydrostatic pressuro on the anode 
liquid. This electrostatic pressure is, however, 
not sufficient to force any noteworthy amount 
of anode liquid into the cathode compartment 
because the diaphragm is in the ordinary sense 
nearly liquor tight, but it is yet sufficiently 
porous to allow the cation, sodium, with its 
electrical charge to pass through under the 
driving force of the electric current. The 
Fig. 11 is a vertical and diagrammatic cross 
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section of tho coll. It shows two thick lines 
marked ‘Diaphragm and Cathode’; each of those 
consists of a sheet- of iron wire gauze on to One 
side only of which is plastered first a layer of 
asbestos pulp, and then a layer of Portland 
cement. The frame of the cell consists of a 
long base shown in the figure and two uprights 
not shown in the figure; turning the cement sidos 
of the two “diaphragm and cathode” plates 
towards each other they are so firmly pressed 
against either side of the base and uprights as to 
form a watertight cell marked ‘ anode chamber,’ 
at the same time electrical oontact is made 


between the iron wire gauzes and the negative 
eleotric conductor. Two other sheets of thin 
iron are then similarly pressed against corre- 
sponding lodges provided in the base and 
uprights, but not shown in the figure, so as to 
make with the two ‘ diaphragm and cathode ’ 
plates two chambers marked 1 cathode cham- 
ber ’ in the Fig. 1 nt-o the anode chamber is 
placed the anoiie built up of blocks of gas retort 
carbon on a central leaden core and also the 
brine to bo electrolysed. Into the cathode 
chamber no liquor as such is put, but steam is 
blown in, which by heating tho anode cell 
condenses as w r atei on the cathode and so 
continually converts the sodium deposited by 
tho electric current on the wire gauze cathodes 
and washes the solid ion of caustic soda formed 
down to the bottom of the cathode chamber 
from whence it Hows by tho trapped run-on 
pipos As it was found that a higher efficiency 
was obtained by passing also carbonic acid gas 
(the exhaust from gas engines) into the eathodo 
chamber, the manufacture of caustic soda was 
abandoned and replacod by the manufacture 
of sodium carbonate 

A papet on this cell, by Ilargroavos (J. Hoc. 
diem. lnd. 1895, p. 101 i), st-atos tho current 
density as 18*7 amperes per square foot of 
diaphragm ; the voltage required for the 
preceding current as 3*4 volts ; the current 
efficiency as 80 3 p c , and that tho resultant soda 
liquor contains per 100 molecules Na a CO ;l , only 
3 0 molecules Nad if ordinary care is exercised, 
but that- it is possible to reduce this amount to 
only 0‘03 molecule. The present working is 
understood to givo a current efficiency of about 
90 p.c., and to require 4 volts per cell. 

The Townsend Cell (Eng. Pat. 18403 of 1904) 
resembles the Hargroaves-Bird coll with this 
difference, that tho cathode compartment is 
filled with kerosene oil which squegoes the alkali 
as it is formed off tho cathode, and thus makes it, 
possible to produce chlorine and oauatio soda in 
this type of cell without groat loss of current 
efficiency. Kershaw (Electrician, April 24, 
1908) gives the current efficiency as 90 p.o., and 
the voltage per cell as 4*7. In the Seventh 
International Congress, 1909, 10, 30, Baekeland 
describes the result of 3J years’ work at Niagara 
with 1000 kilowatts ; tho old cells wore made 
for 2000 amperos, but new cells to consume 
four times this power will be capable of taking 
6000 amperes. The current density per square 
foot of anode surface has also been increased 
from 100 amperes to 144 amperes. The attack 
on tho carbon anodes requires the cleaning of 
the coll in about 30 days, which is a vory simple 
mattor, and tho graphite anodes are so arranged 
that they can be repaired, and arc ultimately 
entirely consumed. Aluminium conductors last 
longer than copper conductors in atmospheres 
where small amounts of chlorine are occasionally 
present. The hydrostatic pressure in the anode 
chamber is regulated so that with a cell using 
I 2500 amperes, the amount of liquor passing 
through the diaphragm is most advantageously 
24 litres per hour, which gives a soda liquor 
containing per litre ICO grm. NaOH and 200 grm. 
Nad, and under these conditions the anode 
liquor contains but little hypochlorite and 
chlorate and consequently the chlorine has a 
satisfactory degree of purity. 
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The Finley Cell (Eng. Pat. 1716 of 1906) has 
a double diaphragm dividing the anode and 
cathode compartments. The diaphragm is very 
open in texture, and the brine feed for the coll 
is run into tho centre compartment between 
the two diaphragms, from where it passes out- 
wards on either side to tho anode and eathodo 
compartments. In this way, an additional 
obstacle, depending for its strength on the 
speed of feed of the brine, is interposed to 
prevent intermixture of tho products of the 
electrolysis. 

The diaphragms are made of asbestos 2-3 
mm. thick, and the compartments are also only 
a few millimetres thick ; tho diaphragms and 
frames are bolted together in any number after 
the fashion of a iilter press. (Seventh Inter- 
national Congress of Applied Chemistry, 1909, 
x. 42 ) 

Class Li 1. The cells in which the ilediulyte 
tx a salt solution , and nt whnh a moving nmamj 
cathode is used to receive aful mnove the sodium 
produced. 

The moi( ..ry cathode for the preparation ol 
alkali metals was lust used by Davy, it was 
dose ii bed m an application for a patent (Eng 
Pat. 4349 of 1882) by Nolf It is mentioned 
again in Hormite’s patent, 3957 of 1 886. Furthci 
patents describing its use are llernnto and 
Dubose, Eng. Pat. 21959 of 1891 ; Creenwood, 
Eng. Pat. 5999 of 1891. 

The genoral principle of these cells is that the 
electrolysis takes plac o between an anode above 
and a cathode of mercury vertically below. The 
chlorine liberated naturally rises upwards and 
out of the solution, and the sodium or potassium 
freed combines with tho mercury to form an 
amalgam. Tho amalgam, when sufficiently 
highly saturated with the alkaline metal, is re- 
placed by fresh mercury and the amalgam itself 
decomposed by water, with the liboiation of ID 
and the formation of a caustic alkaline solution. 

The current efficiency of tho modem mercury 
cell is stated to he not less than 90 p.c , and the 
voltage required 4 3 volts 

Professor Lepsius (Per. 1909,2903) enume- 
rates tho following advantages and disadvan- 
tages of the mercury cell as compared with 
the diaphragm cell 

Tho advantage's of the mercury cell are : 
(1) the purity of both tho chlormo and the 
caustic alkali produced, which are very important 
advantages; (2) the comparatively high con- 
centration of the caustic solution ; (3) tho high 
current efficiency. 

The disadvantages of the mercury cell are : — 
(1) tho higher voltage, 4 3 volts as against 3 '5 
volts in the diaphragm cell ; (2) the cost of the 
mercury, of which 72 tons are required for a plant 
utilising 6000 h.p. ; (3) tho greater cost of 
installation apart from the question of the 
mercury. 

The various patents taken out and cells 
suggested differ chiefly in the method adopted 
for the movement of the mercury. To Castner, 
however, belongs the chief credit of making the 
mercury cell technically successful. 

Costner's Iiocking L'ett . — Castner (Eng. Pat. 
No. 16046 of 1892) employs a moving mass of 
mercury, connecting up the anode and cathode 
chamber. Patent No. 10584 of 1893 makes the 
movement of the mercury by a rocking motion 


of tho cell, see Fig. 12, which represents the 
original rocking cell, a is tho cell divided into 
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three compartments, and rosting on the right- 
hand sido on adjustable knife edges b. The left- 
hand side of tho coll rests on ail eccentric, c, re- 
volving on a shaft; this gives the rocking motion 
Tho two outer or anode compartments have 
carbon anodes and are Dlled with saturated brine; 
the centre compartment contains iron cathodes 
and is idled with NuOH solution. A layer of 
mercury, about J inch thick, lies on the bottom 
of the cell and alternately flows from first ono 
and then the other anodo compartment into and 
through the cathode compartment into tho 
othor anode compui Lmcnt. The chlorine libe- 
rated in the anode compartment is carried away 
by pipes di>. 

Castner, m the Chemical Trade Journal, 1894, 
211, stated that the results of 1 weok’s work on 
a unit of 28 working cells, arranged in two parallol 
series of 14, gave a yield of 930 lbs. chlorine and 
1120 lbs. NaOH per 24 hours ; tho amperes used 
averaging 571, and the volts 55T or 3 9 per cell. 

in 1895 tho Castner Kellner Alkali Co. was 
formed to work this cell. Works were erected 
in Runcorn with 1000 h.p , and other similar works 
were soon orectcd abroad, vi /.. at Ostemieuburg 
near Bornburg with 1500 h.p. by the Deutsche- 
fcJolvuy Werke, at Augsburg by Meistor Lucius 
& Pruning, at Jemappcs near Brussels with 
1000 h p , at Liulnmow ill Russia, at Jaico in 
Bosnia with 1300 h.p., and at Niagara Falls, 
N. America, by the Castnor Electrolytic Alkali Co. 
m 1901 with 6000 h.p. (Lepsius, Ber 1909. 2903.) 

Kellner Pressure-displacement Cell . — I n this 
cell the cklorino compartment is placed in the 
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centre of the cell and on either side of it is a 
caustic compartment, each of which is provided 
c*i its further sido with a recess, dd, which forms 
the alternative receptacle for the mercury. In 
these receptacles are immersed pressure vessels 
open at the bottom and connected at their tops 
to compressed air supplies which aro automati- 
cally so regulated that the mercury is forced to 
move continuously from side to side by -com- 
pressed air. 

Above (Fig. 13) is a Bketch which shows the 
construction and working of the cell, taken from 
the Chemiker Zeit^ng, Oct. 30, 1909. 
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The anodes are platinum gauze of which 
1 gram is made to oover four square inches, and 
are placed in a cement box which has proved 
more satisfactory than the stoneware jars 
formerly used. Each cell contains six olectrodo 
boxos, and each box holds 88 pieces of platinum 
gauze. The cathodes are cast iron, cast in grill 
shape, and the primary battery, sodium amal- 
gam— caustic solution — iron, acts independently 
of the main current through the chlorine coll, 
and also regulates itself. Thu curront used is 
4000 amperes per cell. 

The great advantage of this cell is the high- 
current density which has resulted in consider- 
able reduction of plant. 

The KfUnn-Suli'ay Scoop Wind Cell. — This 
cell consists of two slanting troughs commum- 
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eating with one another at each end, m which 
the mercury is Kept in constant circulation by 
a rotating scooped wheel placed between the 
two troughs at the one end This cell is built 
in very largo units, taking up to 10,000 amperes, 
and it is said that a 15.000-umperc cell is well 
within the hounds of possibility 

Fig. 14 is a diagrammatic sketch of the chlorine 
sido of the cell, n being the mercury inlet and j> 
the outlet for the amalgam ; the scooped wheel 
is, however, not shown, neither is the caustic 


Oxford Papor Co., Rumford, U.S.A., and iB de 
scribed in Trans. American Electrochem. Soc., 
17, 327 (1910). 

The new Costner- Kellner Cell differs essen- 
tially from the Kellner- Sol vay coll only in the 
method of conveyance of the mercury, which, 
in this case, is effected by means of an Archi- 
median screw. Taussig, Zeit. fiir Elektroehemie, 
1909,059. 

Class JV. The Specific Cravitij Cell. — The best 
known coll of this type is the so-called * Glocken 
Cell,’ patented by thcOcstemuehischer Verein fur 
Chomische und Mctallurgischo Produekto, and 
from 1901 working on a largo scale at Aussig ill 
Bohemia, Berlin, and Stassfurt. 

Fig. 1 0 is a diagrammatic sketch, in which a 
is the anode and k the cathode, soparated by 
the non-conducting and impervious walls d, e 
of the bell a. The bath w is Idled with salt 
solution, winch enters at i. and overflows at 
the pipe F. The i Idormo escapes at o. These 
walks are inquired to keep the ascending current 
of hydrogen gas arising fimu K quite distinct, 
and separate fiom the ascending curiont ol 
chlorine gas arising from a. The anode and 
cathode arc both situated m the upper parts 
of the electrolyte, and these parts aie greatly 
agitated by the ascending gas bubbles — but 
the lower portions of the elect! oly to are almost 
entirely stagnant and serve only as a means of 
conducting the electric current from the anode 
to the cathode. As the brine around the anode 
loses a portion of its chlorine l>v escape of the 
gas, and loses a corresponding portion of its 
sodium by electric migiation of the cation Na' 
towards tiio cathode, this layer of liquid becomes 
continually lowei in specific gravity and would 
ultimately lose all its dissolved salt wero it 


side of the cell. 

Whiting Cell — A cross sectional view of this 1 
cell is shown in Fig. 15. The right-hand side ’ 
shows in the upper portion the cement cover 
with its attached graphite anodes ami connections 
being lowered into the brine cell below, winch 
consists of a number (say live) of separate com- 
partments. From each of these in turn, and at 
intervals of two minutes, the mor- 
cury amalgam is entirely emptied _ ^ 

by the automatic lifting of poppet •' \ 
valves, winch are operated by the i {U-f — 0 - 
little shaft and cams shown above , ••:] 
the cells towards the left; and ’ [mmthgfnr? 
the liquid amalgam runs over the ^ ^ 
graphite plates lining the three- *- j'~ 
told zic-zac runway shown on the l n 

left of the ligure ; these plates I 

and the amalgam being immersed fl 

in water act as a primary eell fl 

and generate caustic soda solu- ll 

tion, hydrogen and pure mercury. [j 

The mercury next reaches the I * 

scoop wheel^and by arrangements 1 1 

not shown in the figure is lifted — fl 

and flows to the right side of the 
figure, Whence it enters eagh cell 
in rotation. The ebb and flow of the mercury i 
is used to admit fresh brine supplies to each 1 
compartment. This complicated arrangement is ] 
made to prevent the unequal flow of mercury j 
and the formation of sodium amalgam of execs- ] 
sive strength. The cell wqs operated at the i 
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not for the constant feed of fresh brine at L ; 
the quantity of this feed is such that it is only 
partly able to counterbalance the reduced 
gravity. On the other hand, the sodium 
liberated on the cathode forms with the adjacent 
brine an intensely strong film of caustio soda 
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solution, whioh falling by its high specific 
gravity into the lowest part of the cell forms a 



Fkj. 10 

heavy Ia\ei there winch is scarcely disturbed 
by the slow current of weak brine from the inside 
of the bell trickling past the edges ol the bell 
to be partially converted into eausln soda and 
hydrogen before 
p ’f r ^ it passes away by 
the. exit pipe K 
Figs 17, IK, 
and 1!) are dia 
grains ol the ac- 
tual ceils ; Fig 
17 being u cross 
Fni. 17 sectional eleva 

turn , Fig 1 8 a 
plan, and Fig lb on the left-hand side a 
longitudinal sectional elevation of the lull and 
its attachments, and on the right-hand side 
a cross sectional elevation ol the same. The 
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outor containing vessel is seen to contain two 
ledges to carry the bells, of which there are a 
great number in each cell. The junction of the 
anode with its conducting stem is badly shown 



Fig. 19 


in the figures. The brine supply is different 
from that shown in Fig. 10, for, to prevent the 
agitation of the electrolyte by the inflow of brino, 
the supply pipe is made to traverse the whole 


length of the anode, its two ends are closed and 
the brine escapes by a number of small holes 
along its upper side. The main portions of the 
cathode are neat seen on the right-hand portion 
‘ of Fig. 19 at x. The chlorine passes from bell 
to bell by the connecting arms shown in Fig. 18, 
and thou makes its exit from some particular 
bell by tho larger pipe shown in Figs. 17 and 19, 
but not shown in Fig. 18. The electrical con- 
nections arc indicated diagrammatically in 
Figs. 17. and 19 only. Each boll takes about 22 
amperes at 4 volts. (Lepsius, Bor. 1909, 2904.) 

Elecholysis of Zinc Chloride. — The waste 
calcium chloride from tho ammonia soda 
process has been utilised smeo 1897 by Brunner 
1 Mond and Co., of Wmnington, as a source of 
' chlorine. By floating the liquor with crude 
! /.inc oxide and carbon dioxide tho reaction 
CttOlj+ZnO+OO^ZnCla-t-CaCOj, takes place, 
or by treating it witli native zinc carbonate 
(calamine) the reaction CaCi 2 -t-ZnCl) 8 -“ZnCl„ 

| CaCOj. Tho filtered solution of zinc chloride 
is freed fioni its impurities (amongst which is a 
not inconsiderable amount of cadmium) and the 
resultant solution is electrolysed with carbon 
anodes and cneular revolving cathodes that are 
only partially immersed, to produce clilorine gas 
ami an exceedingly pure metallic zinc. Many 
of the details are duo to C. Hopfnor (Brit. Bat, 
11724 ol 189*1, and D. K. B. 85812 of 1895). 
Fuller details are givon in two volumes of 
Monograph ion ubor angowandte Eloktrochemio, 
namely — Die Darstellung dcs Zinks auf elektro- 
litisohom Wege, (Junther, 1904, 99-180 and 
Die oloktroehemisehe und elektrometallurgischo 
Industrie Crossbritanriiens, Kershaw, 1904, 
108 , and also in Applied Electro-Chemistry, 
Allmand, 1912, 280 

(d) Proposal# and non -important methods for the 
man it fad uie oj Chlorine — Many processes have 
been proposed and tried for utilising tho residual 
ammonium chloride, or tho residual calcium 
chloride of tho ammonia soda proeoss, but with 
the exception of Hopfnor ’ h zinc chloride method 
just previously described, none are now in use. 
Many other processes have also been triod for 
preparing chlorine from various sources and ui 
various ways, but have been abandoned. Some 
of these old methods are enumerated below ; 
fuller information may be obtained from Lunge’s 
Sulphuric Acid and Alkali. 

1. Chlorine from ammonium chloride. — The 
most persistent efforts for the direct manu- 
facture of chlorine from NH 4 C1 were made by 
Mond, who took out the English patents : Nos. 
05, 60, 1049, 3238, 8308, of 1880 ; 10955 and 
17273 of 1887 ; 2100 and 2575 of 1889. Articles 
dealing with the Mond process are found in 
J. Soc. Chem. lnd. 1892, 400; 1893, 10; and 
1893, 03. There was also a proposition from 
the Verein Chomischo Fabriken of Mainz (Eng. 
Pat. 3322 of 1880). 

2. Chlorine from CaCl 2 . — Bersistent efforts 
for tho direct recovery of tho clilonno in the 
CaClg produced in the ammonia stills of the 
ammonia-soda process wore made by Solvay ? 
Patents 77 and 171 of 1877 ; 838 of 1880 ; 7258 
and 7259 of 1884 ; 8724 of 1886; 13389 of 
1886 ; 18574 of 1888. Other patents «. Twy- 
nam’s process (Eng. Bat. 731 of 1885) ; Brom- 
ley’s process (Eng. Pat. 8289 of 1887) ; Lyhe 
and Steinhart (Egg. Pat, 21225 of 1890) 



CHLORINE. 


200 

Chlorine from, magnesium chloride. — Many 
efforts were made by Weldon to produce chlorine 
direct from MgCl 2 ; his patents are : Eng. 
Pt. 565 of 1868 ; 967, 968, of 1881 ; Weldon 
and Pechiney, 9305, 1 1035, of 1884 ; 14653, 
14654, of 1887. Detailed description of the 
Weldon- Peehmoy experimental plant at Salin- 
dro, is given by Dewar (.1. Soc. (-hem. Ind. 1887, 
775). Other patents are: Wilson (Eng. Pat. 
3098 of 1885) ; Camble (Eng. Pat. 11581 of 1888); 
Lyte and Tatters (Eng. Pat. 17217 of 1889); 
Schlosing (Eng. Pat. 11821 of 1887 ; 11469, 
11470 of 1891). (See also Eschellmann, J. Soc 
Chem. Ind. 1889,2; comp ibid. 100.) 

Chlorine produced by pissing 11 Cl gas over 
heated peroxide of iron or manganese is the 
subject of a patent by H Burns (No. 15448 of 
1886). 

Chlorine by permanganates has been the object 
of patents by Tilghman (1847), Pondy (i860), j 
Tossie du Motay (1871 and 1873). 

Chlorine from rhiomati s and HOI has been pro- 
posed by Macllougal and liawson (1848), Poligot 
(Ann. Cbnn Phys (2| 41 1, 267), Oentele (1861), 
Shanks (1858), Claus (1867), Aubertin (1873). 

Chlorine by heating metallic chlorides with 
Mn() 2 and 11 ,S( ) 4 was patented by Biliks m 
1853. 

Chlorine by the assistance of nitric and or 
mtiatrs. — Baggs and Simpson (1864) proposed 
making chlorine from aqua regia Dunlop 
(1847) patented the preparation of chlorine along 
with nitrous acid, by heating together common 
salt, sodium nitrate, and sulphuric acid , the 
uitrous acid is absorbed by vitriol and the 
chlorine is passed on to bleachmg-powder 
chambers. This process was working for many 
ears at St. Kollo v ; it. was patented again 
y Roberts and Dale in 1868 ; and a patent 
running on similar lines is that of J. Taylor (No. 
13025 of 1884) Other processes employing 
nitrates or nitric acid, which have not had any 
practical success, are those of Ranks (1839), 
Tessi6 du Motay (Bull. Sue. chim. 22, 48), 
Schlosing (Compt. rend. 55, 284). The later 
patonts are those of Donald, Eng. Pat. 62 of 

1887 ; and Just, Eng. Pat. 14857 and 14859 of 
1888; Davis, Eng. Pat. 6416, 6698, and 6831 
of 1890 ; Wallis, Eng. Pat. 13822 of 1892 ; and 
Krause, Eng. Pat. 16227 of 1894. 

Chlorine Liquid. — Liquid chlorine was lirst 
obtained in 1805 by Northmoro. The pure gas 
can be condensed to a liquid at atmospheric 
temperature, 15°, by a pressure of six atmo- 
spheres, or at atmospheric pressure by reducing 
its temperature to —34°. If the gas is not 
pure it requires higher pressures or lower 
temperatures to liquefy it. 

Tho first to prepare it commercially was 
Knietsch of the Badische Amlin und Soda 
Fabrik in 1888. The English Patent 13070 of 

1888 records that the ordinary metals withstand 
the action of chlorine gas provided the gas be 
dry, so tha f cast iron, wrought iron, steel, 
phosphor bronze, brass, copper, zinc and lead 
may be used for making apparatus for dealing 
with gaseous and liquid chlorine. The resist- 
ance of ordinary metals to attack was evidently 
not sufficient for tho manufacture of a pump 
with moving metallic piston or plunger, for the 
patent describes two pumps each with a moving 
piston of concentrated sulphuric acid to confine 


and compress the chlorine gas contained in one 
limb of a U-tube, while the upper part of the 
other limb contains another liquid like paraffin 
oil in which pressure is exerted oither by an 
external pump filled with the same liquid, 
Fig. 20, or an internal plunger a, Fig. 21. In 
tho first figure tho gas valves p and c are shown 



Fig. 20. 


external and aic actuated by hand In the latter 
figure the valves are internal and are actuated 
by their own weight and the pressures of the 
gas, the inlet, valve sits on the top of the pipe F, 
the outlet valve sits on the top of the pipe 
opening into the bottom of the chamber lx To 
ensure that, the whole of the gas is swept out 
of the compression chamber a small pipe with 
an external controlling valve is arranged be- 
tween the chamber d and the compression 
e lumber so 
that on oaeh 
suction stroke 
a portion of tho 
acid in i> enters 
the compres- 
sion chamber 
along with tho 
gas from f, and 
on each pres- 
sure stroke first 
chlorine gas 
E and then a little 
sulphuric acid 
q passes the auto- 

matic valve in 
the bottom of 
i>. To prevent 
intermingling 
of the paraffin 
and acid the 
Fig. 21. pump limb in 

Fig. 21 is en- 
larged in diameter at b. To prevent the possi- 
bility of gas being liquefied in the compres- 
sion chambers, these are heated by an external 
jacket, as around b in Fig. 20, and as e,g in 
Fig. 21. The compressed gas on leaving either 
form of pump is liquefied in a cooler, as G in 
Fig. 20, and then runs into tho collecting vessel H. 

in 1909-10 the manufacture was started in 
the United States of America. With minor 
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alterations Knietsch’s process is still used though 
it had its difficulties. The Metallurgical and 
Chemical Engineering of 1910, 1,215, states that 
liquid chlorine is now made almost entirely from 
electrolytic chlorine, and that J )eacon chlorine 
is no good for the purpose unless it is first 
strengthened, as by extracting the chlorine with 
stannic chloride as proposed by Goldschmidt. 
Starting with a gas supply of 97 to 98 p.c. 
purity tho uncondeiisahle blow-off gas still 
contams 55-55 p.c. chlorine, and this is absorbed 
in bleach chambers. * 

As already stated pure chlorine can bo 
liquefied at atmospheric pressure by reducing its 
temperature to 34°. The Linde (fa., of 
Germany, have introduced the process of simply 
cooling tho chlorino gas to - 45° without 
applying any pressure, but they are said not to 
liquefy so high a percentage of the gas as tho 
older process. In 1911 Blucher s Modem In- 
dustrial Chemistry states that it was becoming 
more and more general simply to cool the chlorine 
gas m refrigerators so that it liquefied atnoimal 
pressures. 

The liquid is supplied in steel oylmdois or in 
tank cars holding seveial tons The physical 
properties of the liquid were determined by 
Knietsch (Liebig’s Ann. 259, 100 ; the Eiftli 
International Chemical Congress , Zeit f Comp 
u. flussigo Gase, 1904, 71), and ccitain of 
them have been confirmed by Lange (Zeit. f 
Comprmnrte und flussigo Gase, 1901,39), who 
showed that the thermal coefficient of expansion 
rises steadily to 88 " when its value is 0 00300, 
that is tho same value as is given by ordinary 
gases, and that above that temperature the 
liquid expands more rapidly than the gases ; 
he also showed that whereas liquid chlorine 
does not act upon iron at any tempeiature up 
to 83°, yet at 90° there is a small action ; for 
these several reasons a cylinder of chlorine 
filled in the ordinary way begins to become 
unsafe when heated to 90°. 

Applications of Chlorine . — It is used for 
the extraction of gold from its ores, and much 
work has been done on its use for extracting 

3 or, lead, and zinc from mixod ores. Jt is 
for converting forrocyamde into forri- 
cyamdes ; munganato of soda into the per- 
manganate, ferrous chloride into ferric chlondo, 
and was used for converting alumina into 
aluminium sodium chloride ; converting tin 
into stannic chloride either from pure tin or 
from scrap tinned iron, after which the residual 
iron can be again smelted for metallic iron ; 
this Goldschmidt process of dotinning con- 
sumed large quantities of chlorine m Germany 
and led to the preparation of liquid chlorine in 
the United States of America when a plant in 
Chicago was installed in 1911 to treat 40,000 
tons of tin scrap per year. It is used along with 
electrolytic hydrogen for preparing hydroeliloric 
acid in Germany and America. It is largely 
used for purifying drinking water, the liquefied 
chlorine being extremely handy for this purpose 
as the supply can be automatically regulated in 
any proportion to the amount of water passing 
in the mains ; and a summary of the work done 
on gaseous chlorine as a disinfectant is given 
by Clayton (Joum. Soc. Chem. Ind., 1890, 320). 
When used tor bleaching it may be absorbed in 
caustic alkali to make tne corresponding hypo- 


chlorite, or it may be absorbed in sodium 
carbonate solution to make hypochlorous acid, 

Na 2 C0 3 +Gl i ,+H 2 0=H0Gl-fNaHC0 3 -l-NaCl 
which acts approximately twice as energetically 
as the corresponding amount of neutral hypo- 
chlorite. 

It is used for converting carbon disulphide 
into carbon tetrachloride and sulphur chloride, 
and for preparing the latter direct from sulphur ; 
for converting benzene mto monochlorbenzene, 
dichlor benzenes, and tnehlor benzenes, acotio 
acid into monochloracetic acid, toluene into 
bonzylchloii'le, benzylene dichloride, and ben- 
zonyl trichlomle, and alcohol into chloral. In 
all these reactions the hydroeliloric acid simul- 
taneously formed is condensed m water and a 
very pure muriatic acid is thus obtained. 

It is com limed with acetylene to form tetra- 
chlorothano, and from derivatives of this it is 
used to form pontachlorethane and tctrachlor- 
ethono ; with carbon monoxide it is combined 
to form carbonyl chloride, with sulphur dioxido 
it is combined to form Nulphuryl chloride 
(Ullmann, Ghonnschc Industrie, 1908, 405). 
Other uses of chlorine are for chlorinating 
anthracene, anthraquinone, the eresols, benzoic 
acid, tho xylenes, lsoaniylchlonde (Perkin, Joum. 
Hoc. Ohom Jnd 1912, 010), for the preparation 
of acetyl chloride, and of acetic anhydnde. 

Many of the above uses of clilonne have been 
developed because of the necessity of finding 
now outlets for the enormous quantities of 
chlorine produced in recent years by the electro- 
lytic processes for preparing caustic potash and 
caustic soda 

The poisonous properties of chlorine gaB were 
first used in warfare by the Germans. In April, 
1915, near Ypres, a German deserter in the 
Ypros salient gave warning of tho first attempt 
to use poison gas in modern warfare. No ono 
believed bun ; but a week later the enemy 
launched his first attack with chlorine gas 
against our unprepared and unprotected troops. 
Tho gas was liberated from cylinders containing 
40 lbs. of liquid chlorine. The German war of 
frightfulness wus made to include chemical 
frightfulness Protection against tho chlorine 
gas clouds was obtained by a helmet consisting 
of a flannel bag soaked in a solution of sodium 
thiosulphate and sodium carbonate, and con- 
taining a mica window (Bevan, Joum. Soc. Chem. 
Ind. 1910, 051 Self, Journ. Soc. Chem.. Ind. 
1915, 808). Since then the Germans have 
used a number of gaseous chlonno compounds 
as poison gases, as phosgene COCl a , chloro- 
picrin CCl 3 (NO„), tricliloromethylchloroformate 
CICOOCCI 3 , “mustard gas” dichlorodiethyl- 
sulphido (CH a Cl‘0H) 2 S, phenylcarbylamine 
chloride, diphenylclilornrsine, dichloromethyl- 
other, chloroacetone, chlorosulphonic acid, 
methylchlorosulphonate (Joum. Soc. Chem. 
Ind. 1918, 127 R ; and Tone, Metallurgical and 
Chemical Engineering, 1918 [2] 357)? Shame to 
thoir boasted Kultur ! 

In the following pagos are described in detail 
the applications for the manufacture of bleaching 
powder, liquid ohloride of lime, calcium hypo- 
chlorite crystal, potassium hypochlorite solution, 
sodium hypochlorite solution, sodium hypo- 
chlorite crystal, potassium chlorate, sodium* 
ohlorate and hydrochloric acid. 
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Chloride of lime or bleaching powder. By 

far the greater part of the chlorine produced 
on a manufacturing scale is converted into 
chloride of kmc or bleaching 'powder. 

In 1799 Charles Tennant took out a patent 
for absorbing chlorine by dry hydrate of lime, 
and the compound thus formed, ‘ bleaching 
powder,’ was sold by the St. Rollox Works, 
established in the same year, at 140/. per ton. 

Com post hou, of Bleaching Powder . — This 
substance being originally supposed to be a 
diroct compound of chlorine and lime received 
its original name of chloride of lime ; but m 
18115 Balard propounded the theory that 
bleaching powder was a compound or mixture 
of equivalent proportions of calcium hypochlorite 
and chloride 

Ca(001) 2 +CaCl, 

mixed mechanically with a residue of calcium 
hydroxide. 

In 1842 Gay-Lussac suppoited those views 
Subsequently (Idling, Lunge, Schuppi and 
Naef showed that CaCL as such does not 
exist in bleaching powder, as it cannot bo 
extracted by alcohol, etc , and they there- 
fore proposed the constitution ClCaOGI, and 
the full foi inula for bleaching powdoi may 

then Ik's written Ga Free lime is 

always present in commercial bleaching powder 
because it is only guaranteed to contain 115 p.c 
of available chloiinc, and stops are taken not 
to let the chlorine exceed tins amount essentially , 
bleaching powder can experimentally bo made 
much Htrongei than 35 p.c. No much so that 
any attempt to express the free lime as an 
essential component is evidently fallacious. 

Preparation of Lime for Bleaching Powder.— 
The lime required for the manufacture of bleach- 
ing powder must be from as pure a limestone as 
possible and must be well burned. Among the 
most suitable limes for bleaching powder is that 
used in Lancashire, and made by burning the 
Derbyshire limestone m the district round 
Buxton. The average composition of this lime- 
stone is : 


(JaCO, . 

. 98-9 

MgC0 3 . 

. 0-29 

Fe.jOg . 

017 

Insol. etc. 

. 0*35 

[1.0 . . . 

. f . 0*05 


99-7(1 


The burnt lime was until recently slaked by 
spreading it on a brick floor, sprinkling it with 
Water and turning it ovei with a spade till it 
hew completely fallen to powder, after winch 
it is allowed to remain in a heap for 10 hours, 
and the slaked lime is then passed through a 
wire sieve of 12-18 wires to the lmeal inch by 
the aid of rotating cylindrical sieves. Tlie 
operation of hand slaking gives rise to a con- 
siderable amount of heat, steam and dust which 
being unconfined are very trying to the workers, 
who protect themselves with muzzles and 
goggles. 

For this reason slaking apparatus have 
recently boon introduced whereby the operation 
is ontiroly mechanical and the apparatus is 
entirely enclosed and properly ventilated, so 


that not only are steam and dust prevented 
from escaping but labour is also Bavod. 

The slaked lime as used for bleaching-powder 
manufacture contains about 25 p.c. H 2 0, and 
should not contain more than 2 '5 p.c. CaC0 3 . 

The Bleaching -powder Chambers . — The appa- 
ratus m which tho chlorine is brought into 
contact with tho slaked lane varies with the 
concentration of the chlorine gas to be treated. 

With highly concentrated chlorine gas of 
85-90 p.c. chlorine chambers of large size are 
used, namely of about OJ feet in height, so 
that a man can work inside them, of a width 
of from 10 to 20 foot and more, and up to 100 
feet long. Their sides and top are usually 
made of about 5- or 0-lb. sheet lead, fastened by 
external lead straps on an oxternal timber 
framework, exactly like vitnol chambers. 

The floor is made of largo stone flags, or of 
coal-tar asphalt, the joint between the sides 
' and the edge of the floor being specially pro- 
tected by a skirting and asphalt poured behind it. 

The chambers are lil ted — with doors at each 
end, so as to ventilate the chamber when it, 
is being dunged oi discharged (generally made 
of non protected by paint) ; with glass panes 
in two opposite sides oi ends foi observing the 
colom of the gas, with ‘ lutes ’ for introducing 
the gas; with other lutes in the roof of tho 
chambers for the exit, of the unabsorbed gases ; 
and with some contrivance for removing the 
gas remaining at the end ot the operation 
(r ntfra). 

Sometimes the chambers are not erected 
on the ground- level, but upon pillars, like 
vitriol chain lioi s, leaving about 10 feet of clear 
space fiom the ground. In this case the packing 
of the finished bleach into casks can be done 
by means of trap-doors in the chamber floor, 
with wooden hoppers attached underneath, 
below which the casks aie placed, tho bleach 
being pushed down into them from above by 
means of wooden rakes. 

Nulhcicnt slakod lime is wheeled into the 
chamber to make a uniform layer of 3 to 4 
inches, and the piles of lime are then spread 
by shovel and a big wooden rake with a plain 
blade from which stick out below two long 
gauging spikes and with this the lime is very 
quickly spread into a porfeetly even layer of 
the desired thickness. In order to assist 
absorption the surface of the lime is drilled 
into furrows by a rake similar to that described 
except that the lowor edge is provided with 
deep notches about threo inches wide and the 
same m height ; the increased rate of absorp- 
tion is caused not so much by the extra surface 
exposed to the chlorine as by the continuous 
draught of gas through the ridge resulting 
from the gas in the furrow (chlorine) being 
heavier than the gas in the ridge (the residual 
air from the not pure chlorine). The chamber 
doors are then closed and the joints made gas- 
tight with lnno putty or with a luting made of 
tar and china clay. 

The ‘ gassing ’ of tho chambers is done 
either singly or in series, tho former being the 
old method. 

The Single-chamber Method. — A Bmall lute 
in the top of the chamber being opened, the gas 
connection is opened, and through the. small 
windows the heavy chlorine could be seen 
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falling to the bottom of the chamber, and there i Collapsing Gas Sampler, an aspirator shaped 
vanishing. As the formation of the bleaching I like a concertina made with ebonite ends and 
powder proceeds the gas spreads further, forms indiarubber coated cloth sides, into which a 
a layer all over the lime, the layer increases in measured quantity of sodium arsenite is charged, 
thickness and presently chlorine begins to issue It is easily carried to the chamber without fear 
from the open luto, which muHt then be closed of breakage. An attached rubber tube, a short 
and the chlorine main connected to another length of glass tube, both cleaned by recent 
chamber, without however shutting the gas of! washing, and a piece of soft luting enable it to 
from the first chamber, which thus continues j be attached air-tight to the chamber. By fully 
to receive a certain amount of chlorine. After pulling the bellows open one-tenth of a cubic 
a short time the gas inlet to the first chamber foot of gas is drawn m, and the rubber tube 
is closed, and the chamber is left to itself for being then closed by kin lung, the gas is 
12 to 24 hours, when the gas becomes pale m t thoroughly shaken with the solution ; a side 
colour or colourless. i opening previously closed with a linger is then 

It is difficult to get full-strength bleach by [ opened and the gas expelled into the operator’s 
one operation ; there is always a superficial crust ; face, it will probably not smell of chlorine; 
which greatly hinders the penetration of the gas. further measured quantities of gas aro drawn 
It is, therefore, necessary to turn the stuff over m and shaken until the expelled gas begins to 
with spades, and treat, again with chlonnc. smell of chlorine. 

The opening of the chamber doors for tins If the test is abovo 21 grains chlorine furthor 
purposo was formerly one of the must awkward time must be given for the chlorine to ho 
operations mi an alkali woiks, as a nuisance absorbed, or it must be otherwise removed. The 
was caused not only m the works but sometimes most satisfactory way of removing the chlorine is 
at a distance of a mile m two, and on occasion I to dust into the chamber through a luted hole 
has been so intolerable as to have produced j m the top, more or less dry slaked lime either by 
fatal effects The matter is now under the hand or by Brock Minton’s whizzer (Eng. 
Inspector of Alkali, ^c, Works The gas m l*at. 7l!W, I88(>; 23 Report on Alkali, &c., 
the chamber must, before any door is opened, I Works, 58-00) This machine, on being lowered 
be tested by di awing a sample liom the exit | into the hole, rests m the water of the lute and 
end at a height, of not more than two teel above j no chlonne escapes. The hopper of the machine 
the chamber floor. 1 is filled with slaked lime powder and the handle 

For testing the sample, several kinds of ; being turned the lime drops slowly towards an 
apparatus have been proposed : r <j. that of ! attached paddle which is revolving at a high 
Ballard (2 1st Repoit on Alkali, &c , Works, J speed inside the chamber, and the large air 
37 ; 22nd do. 55) and of Stink (J. Soc. CJicin. | currents which it sets up in the chamber carry 
lnd. 1885, 311). Ballard’s apparatus consists I the lime dust to a considerable distance in the 
of a cylindrical glass jar, closed at the top by I chamber, and a very energetic absorption of 
an indiarubber cork, through which the nozzle | the chlorine begins instantly. To reach every 
of a 4-oz. enema ball (finger pump) passes, as part, of the chamber the machine is lifted out* 
well as an elbow tube reaching down to the of tho hole and earned to one or two other holes 
bottom. The lower end of this tube is closed and these also dusted. In this way anything 
at the lamp, so as to leave an opening fine up to 2 cwt. of chlorine in a chamber 100 ft. 
enough for a needle only to pass through. The long may be absorbed, and the dust sottlod 
horizontal branch of this tube is inserted in the within 3 hours. 

side of tho chamber at a point about 2 feet When it is proved by any of these tests that 
from tho bottom. When compressing the ball, the air in the chamber contains less than 2£ 
the air is driven out by a small hole made in grains of chlonne per cubic, foot, and it is day- 
tho nozzle just above the cork ; this is now light, then the chamber doors may bo opened, 
closed by the finger, and on relaxing tho pressure After the doors have been opened, and the 
the hall will oxpand, and will cause 4-oz. chamber allowed to ventilate itself a little, tho 
measures — thut is, of a cubic foot— of workmen wearing thick flannel muzzles may 
chamber air to enter* into tho jar and bubble enter, and with shovels turn the bleach. The 
through tho tost solution contained therein, doors are, then closed, luted, and the chamber 
This is continued till the end of the reaction gassed again as before described, 
is indicated by the test liquor turning blue. Sometimes this must be done even a third 
The liquor consists of 3 '485 grains of arsonious time, before tho appearance of the product 
acid, dissolved in sodium carbonate and rendered and the laboratory test show it to be finished, 
neutral by sulphuric acid, to which is added To avoid the objectionable turning of the bleach 
250 grains potassium iodido, 60 grains pro- m some British works and generally in Germany 
cipitated chalk, 10,000 grains water, 0-10 drops and France the layers are made only two or 
ammonia. For each tost 400 grains are used, o^en only one inch, 

adding a little starch paste at the time of using. The Series oj Chambers Method . — This method 

When grains of chlorine per cubic foot are was described in Lunge’s kSulphuijc Acid and 
present in the chamber air, ten aspirations of tho Alkali, 1880, as the only rational one. It was 
chlorometer will cause a blue colour to appear ; if described in the Inspector under the Alkali Acts 
more aspirations are needed, there is less chlor- Report for 1885 as a most important improve- 
ine present, and vice versd. Stark’s apparatus inent used in a large English works by which 
attains the same end, not by the finger pump stronger bleach was prepared than previously 
(Which is certainly a somewhat rough instru- possible and that without losing, chlorine or 
mont), but by a gas burette on* tho Orsat causing a nuisance. It was again described by 
principle. Jahne of Petrowitz, and the abstract is found 

Another form of apparatus is Fletcher’s in J. Soc. Chem. lad. 1887, 307. 
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The series consists of at least three chambers, 
better four, or even more, and with the Deacon 
chain bora, which are worked on the same method, 
seven chambers form a series. In the series the 
gas always enters iirst into a nearly finished 
chamber, and the unabaorbed gas passes in 
succession through otkor chambers which are 
further ami further removed from being finished 
until the whole of the chlorine is absorbed and 
the exit- gas is accordingly ‘ sweet.’ The thick- 
ness of the layer of slaked lane must bo such 
that the whole of it can bo sufficiently chlorinated 
without turning. When it is considered that 
the Iirst chamber has been sulhciently chlori- 
nated the Btream of strong chlorine is directed 
into the next following chamber and is cut oft 
from the brushed chamber. The finished 
chamber is, of course, full of chlorine nearly as 
strong as that supplied by the generators and 
it is absorbed by the bleaching powder only 
exceedingly slowly. The easiest and quickest 
way of removing this gas is by the use of Brock 
and Minton's whim)! 1 described in the ‘ simile 
chamber method.’ When the chamber is 
sweetened with all the precautions previously 
described it may bo opened ; the bleach may be 
very carefully sampled, taking great care to take 
due proportions of the top and bottom layers, 
and the sample tested m the laboratory. The 
experience of the workmen generally leads to 
the obtaining of a satisfactory test, but should 
it he low the chamber may lie turned or not, 
closed, and gassed again for a certain time, and 
then treat-od as before, and finally the bleaching 
powder iemovod. The empty chamber is at 
once limed, closed, and put- into the working 
senes again, hut now as the last chamber of the 
soiios. Each chamber in turn comes up to 
strength and is removed from the senes, packed, 
limed and inserted again into the senes ; and 
so on indefinitely. The system of gas pipes and 
lutes necessary for making these changes is 
ligured in Lunge’s Sulphuric Acid and Alkali, 
3rd ed. vol. 3, p. ft 18, for a set of three chambers, 
and the same system of pipes are used for the 
Deacon Chambers next described 

The following rules relating to bleaching 
powder chambers worked in either of tho two 
preceding ways are recommended by tho Chief 
lnspoetor of Alkali, &c., Works (Mr. A. K. 
Fletcher), in his 21st Report, 12 : — 

I. Bleaching -powder chambers should con- 
tain not less than 200 square lpot of Hour space 
for every ton of powder made in them per week, 
if there is less space, the work, and especially the 
packing, must be hurried too much. 

II. The chambers should be so arranged and 
connected together that the residual chlorine 
from a finished chamber may be drawn into one 
containing fresh lime, unless some other means 
be employod for absorbing it (such as Brock and 
Minton’s plan described above). The air fiiuflly 
discharged into the atmosphere or into a fluo or 
chimney mttst not contain more chlorine than 
2$ grains per cubic foot. 

III. No ohambor should be opened when the 
air in it contains more than 2 1 grains of chlorine 
per cubic foot. In testing for tins, the air 
should be drawn from a point not more than 
2 feet above the chamber floor, and taken from 
the draught end. 

IV. No ohamber may be opened until the air 


in it has been tested, and the result of such test 
entered in a book. 

V. No chamber may be opened except m 

^ Mechanical Chambers for absorbing Strong 
Chlorine Gas . — Many proposals have been made 
for mechanical absorbing apparatus for strong 
chlorine, but none of them seems to have met 
with permanent success ; sometimes the working 
parts are worn out after a short time, and some- 
times the bleach produced in them is too weak. 
Of course, it cannot- be said t-hat the construction 
of a mechanical chlorine absorber for dry lime is 
an impossibility, but it must he difficult to con- 
struct unless a perfectly regular stream of 
ehlorino gas is at command, and efficient means 
are employed for artificially removing tho heat 
given oft during the absorption. 

The absorption of totak chlorine , that is, 
chlorine diluted with very much nitrogen and 
oxygen, as it is obtained m the Deacon process, 
and in most of the processes proposed for deal- 
ing with calcium and magnesium chlorides, 
cannot ho carried out m tho ordinary chambers. 
Tho most oihcient plants for this purpose are 
Deacon's shelf chambers, and Hasenclevor s 
mechanical chandlers. 

Deacon's chumbns, To expedite tho rale 
of absorption tho fun owed layor of limo is 
reduced greatly m thickness, viz. to $ inch. 
As t-ho weak chlorine contains 90 or more p.c. 
of inert gases, that is, it contains per unit of 
ehlorino noaily 200 times as much inert gas as 
does Weldon chlorine, the dilution of tho 
incoming Deacon chlorine by the very largo 
volume of air or residual gases in tho Weldon 
chambers is unnecessary to keep down the 
temperature of the bleaching powder, and the 
layer of gas is accordingly reduced greatly in 
thickness, viz. to about (5 inches. Further, as 
the escaping inert gases are able to carry away 
the boat generated, it is unnecessary to have the 
largo heat radiating surfaces which are provided 
by tho Weldon chambers, and it is therefore 
possible to reduce tho ground space occupied 
by plac in g as many as sixteen such limo and 
gas layers as desenbod above over each other. 
Cham hors only ft niches high cannot, of course, 
bo charged with Lme and discharged of their 
bleach by workmen entering the chamber as 
with tho Weldon chambers, but must be 
operated by the workmen from outside the 
chambers with long-handled rakes, which, from 
tho hygienic point of view, is a great advantage. 

Figs. 22 and 23 show the construction of a 
set of seven Deacon chambers, Fig. 22 being 
a front elevation of 3j chambers, and Fig. 23 
being a view of the broken end shown by 
Fig. 22; the dimensions of each chamber are 
8 feet wide and 13 feet high, as shown by 
Fig. 22, and 21 feot long and 13 feet high, as 
shown by Fig. 23. Each chamber is subdivided 
into two halves by a central partial partition, 
as is Bhown by the right-hand side of Fig. 22, 
but tho figures do not show the gas passage 
which exists through the bottom of these 
partial partitions, nor do they indicate that the 
gases flow downwards in each left-hand half, 
j and flow upwards in each right-hand half, 
| chamber. The partitions and partial partitions 
! are mado of slate or sandstone flags, and they 
i are carried by the pillars and girders shown in 
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the figures. The partitions and partial parti- 
tions in turn carry the sixteen shelves to support 
the lime layers, and also carry the top covering 
sholves. The shelves are made of slate or 
flagstone ; the bottom and top slabs only 
reach to each end of the chamber, all other 
slabs end (> inches short of one or other end of 
the chamber to allow the gases from the inlet 
pipe to zigzag down the one half of the chamber, 
as shown by Fig. 23, and then zigzag up again 
on the other half of tho chamber to the outlet 
pipe ; all tho sliolves have a gap of a foot m 
the middle of the 21 -foot dimension, and these 
gaps are covered by easily removable boards, 
as shown by n and c in Fig 23. To lifne the 
chamber tho wooden covers n are removed, 
and tho wooden slides c are pushed on one side 
with the exception of tho two on tho bottom 
shelves. Sufficient lime to cover one shelf with 
a layer nearly 1 inch thick is then dropped 
through the gaps from which the covers u 
have been removed, and falls down to the two 
bottom sbol/es. There it is spread and then 
fun owed by long-handled rakes from each end 


of the chamber. The slides o on* the bottom 
shelf but one are then pushed over their gaps, 
and the lime charges for those shelves dropped 
and levelled as before. The rest of the shelves 
are lirnod similarly till all are limed, and the top 
gaps coverod with their boards n and made 
gas-tight with lime or with luting. The ends of 
the chamber are closed by hanging iron plates 
on the shelves, as shown on the left sido of Fig. 
22 ; the joints arc made gas-tight with luting. 
Each of the other six chambers is limed similarly. 
The two top cover flags of each chamber each 
contftm a hole provided with a water lute, the 
left one serving as inlet, the right one as outlot 
to the chamber The gas supply main is shown 
in Fig. 22, with a lute for each of the seven 
chambers, and tbo movable aim is shown in 
position which passes the gas into the first 
chamber. The exit gas fiom the lu-st chamber 
passes into the second chamber, and all lollowing 
chambors in turn by movable arms, shown in 
Fig. 22 and in Fig. 23, whore one arm is marked 
a. From the seventh chamber the exit gas 
passes by an arm into the middle or exit main 



shown in Fig. 23, whoneo it is sucked by a fan, 
and being now free from chlorine, is blown into 
the air ; the exit mam runs tho whole length 
of the ohambers, and is provided with a lute 
adjacent to tho exit lute of each chamber 
When samples taken through test holes in the 
end covers show that the bleach is up to strength, 
the gas arms are changed, so that tho gas supply 
is cut off the first chamber, and then goes to 
the second, and thence, as before, to the seventh. 
The finished bleaching powder in the first 
chamber is discharged by removing the end 
doors, pushing on one side the slides c, and then 
pushing the bleaching powder to the centre of 
the chamber, where it falls through tho gaps 
and the hopper shown in tho figures into the 
cask below. The chamber is next relimed, 
and the ends closed as before described, and 
it is ready to become the last chamber in the 
series. To oflect this the exit from the seventh 
chamber is cut off from tho exit main, and 
instead it is joined by a gas arm to the right-hand 
main shown in Fig. 23, wh ch return main 
oarries the gas the whole length of the chambers, 
and by a suitable arm is connected to the inlet 


of the first chamber. The exit from the first 
chain her is connected to the exit main. Each 
chamber m turn is thus discharged, rehmod and 
reinserted into the cycle. Such a sot of cham- 
bei s furmshos 4 tons of bleach per day. 

II ascii clever's chambers . — Another style of 
chamber which • is particularly suitable* for 
absorbing weak chlorine such as is produced 
by the Deacon process, is the mechanical 
chamber of Hasenclevor (Eng. Pat. 17012, 
1888), employed at Aachen, and strongly 
rocommended by an English Commission* as a 
thorough remedy of the difficulty arising from 
tho contact of the workmen with the chlorine 
ga| and the bleaching powder dust connected 
with tho use of the Weldon chambers. To 
make these Hasenclover chambers suitable for 
use with strong chlorine they may be worked 
intermittently, and it has been proposed to 
make them "suitable by mixing air with the 
clilorino. The Figs. 24 and 25 show one of the 
original forms of the apparatus. Fig. 25, in its 
central portion, is an elevation, but in' its upper 
and lower portions is a sectional elevation, and 
in several respects is very indistinct; Fig. 24 
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Bhows on the* left side an elevation of the back by the large passages already mentioned, and 
ends of the tubes, while on the right side it the residual gases escape from the front end of 
shows the front ends of the tubes with the the first tube as shown, to the suction fan 
covere removod that carry that end of the actuating the whole Deacon plant. Fig, 26 
shafts. The slaked lime passes from the hopper shows four circles at tho back ends of the tubes 
shown in both figures into the top tube, whore and two circles at the right ends of the tubes, 
it is slowly worked by the blades attached to and Fig. 24 shows two gas passages on the 
the revolving shaft towards the back end of the middle tubes, which are antiquated, and should 
tube, where the first and second tubes are not have been shown. By gently drawing the 
united by a large passage not adequately ! slide of the hopper the bleach falls direct into 
shown in big. 20. The direction of rotation the cask with practically no nuisance. Me ans 
and the setting of the blades in the second tube ! are provided at the back end of the fourth tube 
are such that the lime is now slowly moved i of easily starting or stopping tho shafts . and 
along the second tube towards its front end, I doors are provided for inspecting and, when 
where it drops through anothor large passage necessary, cleaning the inside of the tubes, as 
into the third tube ; from the back of the third : shown by Fig. 25, for second and third tubes, 
tubo it drops again into the back of tho fourth ' and by Fig. 24 right-hand side for all four tubes 
tube, and finally at the front end of the fourth Such ‘a set of tubes makes 1 ton bleach per 
fcutfo drops into tho lioppei, which is closed by a day. ’ 

sliding door. The chlorine enters at the front, General Remark a on the making of Bleaching 
of the fourth tula* and passes to tho tubes above Powdei. — (food strong bleach cannot be made 
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from lime that is badly burnt, slaked, or sifted, places ; both rain and Hun would quickly spoil 
nor from chlorine that contains too much the bleaching powder, oven if placed in good 
carbon dioxide or aquoous vapour or hydro- casks. A ° 

chloric acid gas, nor in very hot weather, nor Properties of Pleaching Powder. — Good 
if the chlorino is initially passed into the chamber bleaching powder is a nearly white powder, 
so fast os to allow the temperature to rise too often mixed with lumps which, however, test 
high. It ought to consist of pretty heavy flakes, as high or even higher than the powder. It 
easily crushed, or a heavy but not dusty powder, has a peculiar smell, quito different from that of 
which can be kneaded with the fingers into a chlorine, and not owing to hypochlorous acid 
tough paste. The laboratory test of a sample since it is just as perceptible in alkaline solutions! 
carefully taken from various parts must test If it gets on to the skin a very strong odour is 
at least 35 p.c. available chlorine, and if it Is developed, which is highly characteristic ; this 
intended for export it must test still higher. odour persists even after washing the skin 
PoeAwjrw.-MIloaching powder must be packed with soap, 
in very well-mado casks, preferably made of In tho air bleaching powder attraots mois- 
hard wood. The ends are sometimes secured ture and carbonic acid, and gradually changes 
by a coat of plaster of Paris. This is done in into a pasty mass. Mixed with a little water, it 
order to prevent the aocess of air, which quickly forms a stiff paste, with a perceptible swelling 
deteriorates the powder both by its moisture and rise of temperature; this is probably 
and its carbonic aoid. causod by the transformation of 2CaOCl, into 

Tho paokagos must be kept in cool, dry Ca(OCl) 2 and Cad,, which then acts upon the 
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free lime to form crystals of calcium oxychloride 
which causes tije mass to set like cement. 

Bleaching powder decomposes gradually even 
in closely stoppered bottles or well-protected 
casks. The presenoe of light, heat, moisture, 
and oarbonic acid greatly accelerates this 
change ; so doos shaking, e.g. m transit. Hence 
the strength of bleach is usually only guaranteed 
at the place of shipment, but it ought not to 
lose above 2 or at most 3 p.c. by a tow weeks’ 
journey. 

Experiments on the rat" at which bleaching 
powder loses its available chlorine have boon 
made by J. Pattinson, in 1874 (Chom. News. 
29, 143) and 1880 (J. Soc. Chem. Ind. 587). 
He experimontod m tho first case with samples 
kept in loosely corked bottles, sheltered from 
direct sunlight, and found that these lost on an 
average 0*33 p c. monthly from February to 
April, 0-80 from June to September, 0*28 from 


November to January. The greatest loss 
occurred in August, viz. 1*4 p.c. per month. 

The koeping properties of bleaching powder 
depend on the quality of the lime used, on the 
temperature conditions under which it has been 
made, and on its strength. The more free 
calcium hydroxide is left in the bleaching 
powder, the more stable it is. This shows 
that, when bleaching powder is required for 
export, especially to tropical countries, it is a 
mistake to require a high initial test. 

A few experiments made by Thummel (Arch. 
Pliarm. 1834, 22, 1) prove that light has much 
more action on bleaching powder than exposure 
J to air. 

| The following complete analyses of the 
j samples of bleaching powder investigated by 
J. Pattinson (#». an pi a) may servo as an example 
! of the best- descriptions of the commercfal 
I article : — 



A 

it 

c 



made nf Irish limestone 

made of Irish limestone 

made of Fi each 


(from Larne) 

hy another manufacturer 

cliff 

* Available chlorine . 

37*00 

38*30 

30*00 

Chlorine as chloride 

0*35 

0*59 , 

0*32 

Chlorine as chlorate 

0*25 

0*08 

0*20 

Lime .... 

44 *49 

43*34 

44*00 

Magnesia 

0 40 

0 31 

0*43 

Ferric oxide . 

0 05 

0 04 

0*02 

Alumina 

0*43 

0*41 

0*33 

Oxido of manganese 

trace 

trace 

trace 

Carbonic acid 

0*18 

0*30 

0*48 

Silicvous matter 

0*40 

0 30 

0*50 

Water and loss 

10 45 

10 33 

17*00 


100 00 

100*00 

100*00 

Total chlorine 

37*00 

38*97 

30*58 


The following are analyses of bleaching 
powder made by Lunge and Sehappi, from 
perfectly pure lime and with the greatest care, 
so as to obtain the strongest possible product : — 


Available chlorine . 

. 43*13 

Chlorine as chloride 

. 0*29 

Lime .... 

. 39*89 

CO a 

. 0 42 

HjO (direct estimation) . 

. L7 00 

Calculated as : 


CaOCl a -1 H ,0 

. 88*08 

CaCOg .... 

. 0*90 

CaClg .... 

. 0*45 

Ca(OH) a 

. 0*74 

H 2 0 not combined . 

. 3*77 


100*00 I 

The small quantity of unchanged calcium 
hydroxide iH proof for the opinion that this is 
merely lime mechanically protected agdinst tho 
action of chlorine by the bloaehing compound 
CaOCl 2 previously formed. 

Liquid chloride of lime or Bleach liquor. 
This substance was first prepared in 1798 
by Chas. Tennant by absorbing chlorine gas in 
mlllr of lim e. Many bleach works have pre- 
pared it on quite a small scale for their own 
use, but it is now prepared by alkali works on 


a considerable scale lor use in bleach works in 
the not- too distant neighbourhood, packed in 
carboys or steel tank wagons, as being more 
convenient than the preparation of clear 
solutions of bleaching powder by the bleach 
works. 

Absorption of Chlorine by Milk of Liific . — 
As all tho processes for preparing chlorine on a 
commercial scale produce it at- approximately 
atmospheric pressure, the gas has to no absorbed 
by the surface of the milk of Ume, and beqpuse 
of the very small solubility of lime in water 
agitation of tho milk of lime is an absolute 
necessity to keep tho lime in suspension and to 
accelerate its solution, and to bring the lime 
solution to tho surface, and after it has absorbed 
its modicum of chlorine, to quickly remove it 
and again saturate it with lime. Various forms 
of agitators have been used : blades attached 
to horizontal shafts, or to vertical shafts, or to 
vertical revolving cones or cylinders, and these 
last are considered to be tho moHt efficient, as 
besides setting up a swirl in the liquid, they also 
set up a very rapid flow of liquor from the 
bottom to the top, thus very effectually and 
rapidly renewing the surface of the liquor. 

The containing vessels have been made of 
lead, or flagstone, but cast iron is now employed, 
as it soon becomes coated with a limey deposit 
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both below and above the liquor, and any action 
of the gas or liquor is reduced to a minimum. 
Throe or more vessels are coupled up so that 
the gas passes them in series. Each is filled 
with wator and lirno in the proportion of 100 
gallons and 10 to 15 lbs., making a milk of 
12° to 18°Tw. During the absorption of the 
chlorine the temperature rises, and the admission 
of the chlorine should be so regulated that the 
temperature does not rise above 32°, or at 
most 37°, and for this same reason tho absorbers 
may bo cooled by building them inside a water 
tank. When tho sp.gr. of the liquor after 
settling eleuT has rison to 1040, or tho contents 
of avudablo chlorine is 7 p <\, the gas is passed 
into the next absorber as first in the senes, 
and tho iirst absorber is allowed to Bottlo the 
considerable amount of excess limo which is 
absolutely essential to prevent the conversion 
of the hypochlorite into chlorate The clear 
liquid is then run oil into carboys. Tho residual 
lime is either augmented with some frosh lime 
for the next operation, or if the accumulated 
impurities m it are too great, it ih washed to 
recovor admixed hypochlorite, and is then run 
away. 

Dissolving Bleaching Powder to make Bleach 
Liquor . — When bleach liquor cannot econo- 
mically bo obtained from the source |ust de- 
scribed, it is always prepared by the bleaching 
works by extracting bleaching powder with 
water. To avoid a loss of available elilorino 
and a waste of time in settling out the insoluble 
matter, certain conditions have to bo obsorved, 
so that it cannot form lumps inside the dissolver. 

1. The best practical temperature for the 
water is 21° to 20°. 

2. The agitation must be effected by 
mechanical power so as to show a strong swirl 
on the surface, say, with a peripheral speed 
on tho agitator of 500 feet per minute for tanks 
of 5 foot to 0 feet diameter, and tho lower limbs 
of the agitator must be not more than 1 inch 
from the bottom of the tank. 

3. The bleaching powder must be omptiod 
a little at a time oil to a 1-mch mesh sieve 
placed outside and above tho dissolvor, and the 
passago of the powder assisted by working it 
with a spade, any lumps then left are to be 
knooked through with tho flat of the spade. 
After completing tho bath, agitation for 20 
minutes is ample for all strengths of solution 
up to 10°Tw. Further time spent- on agitation 
is waited, and, by beating the insoluble residue, 
renders subsequent settling appreciably slower. 

4. The run-off pipe should be at such a 

height as to allow 5 cubic feet of sludge per 
cwt. of bleaching powder used per batch, for 
all strengths of solution up to 16°Tw. Unless a 
sufficient space is allowed, enormous waste of 
time will arise in waiting for the last few inches 
to settle clear. ( 

5. The residual sludge consists, not "of 
bleaohing powder, but of insoluble lime suspended 
in bleaon solution. The agitating tank should 
bo filled again with water, and the contents 
agitated for 5 minutes only prior to settling, 
when the clear liquor of about 2°Tw. is run off 
to be used for making the next batch, and tho 
washed sludge is then to be run away to waste. 

When the precautions given above are 
followed, the loss of bleaching powder in the 


washed Bridge will' not exceed 2 Ibfc. per cwt. of 
bleaching powder used. * 

Properties and Uses of Bleach Liquor . — 
The experiments made by Lunge and Landolt 
(J. Soc. Dyers and Colorists, 1885, Nov. 25) ‘ 
with bleach liquor have shown that the action 
of the air is nothing like so injurious to the 
stability of such solutions as that of the light, 
which ought to bo excluded by all means. Solu- 
tions kept in the dark in closod vessels, remained 
practically unchanged up to the 24th day, and 
up to the 33rd day, when the experiment was 
finished, the strength had only decreased from 
2!)*58 to 29* 12 Kept in open vessels in the 
dark, they remained unaltered up, to the 12th 
day ; on the 33rd day they had lost 3 30. 
But when kept in closod vessels in diffused day- 
light., tho decomposition set in at oneo, and 
on the 33rd day only 8 ’52 remained of 33*02 
originally present. Solutions of chloride of 
magnesia behaved similarly to those of chloride 
of lime ; those of /me or aluminium hypochlorite, 
as might bo expected, wore much less stable. 

The specific gravity {at. 15°) can bo used 
to approximately determine tho available 
chlorine grams per litre in a good bleach liquor* 


Sp gr 1 01 

. 5*58 

1 -02 

. 11*41 

1 03 

. 17*36 

1 *04 

. 23*75 

I *05 

. 29*60 

1 -06 

^ 35-81 

1 07 

. 42-31 

1 -08 

. 49-96 

1-09 

55-18 

110 

. 61-50 


but such a method is utterly useless for an old 
solution, or one that has been partly used, or 
is in any ot.hor way abnormal ; the only way 
of testing such an abnormal solution is to make 
a chemical test, the best of which is Bonot’s 
method, with sodium arsemte in prosonco of 
bicarbonate of soda (Lunge and Hurter’s Alkali 
Maker’s Handbook, 2nd cd 120). 

The use of bleach liquor for bleaching 
purposes is described in Cross and Bevan’s 
Celluloso, 2nd ed. 284-294. The effect of 
free lime on bleaching is similar to that of free 
caustic soda when sodium hypochlorite is 
employed for bleaching. 

The germioidal power of bleaching-powder 
solution is very great, and it has been used Suc- 
cessfully for years as a disinfectant. One part 
of bleaching powder will, in 2-4 hours, destroy 
the following bacteria : coli, typhosus, and 
cholera in 2000 parts of ordinary sewage. 

{ See Schumacher, m Gosundheit-Ingenieur of 
Munich and Berlin, August 10, 19, 30, 1905 ; 
Sheridan Del6pine, in Medical Chronicle, May, 
1894 ; and G. 0. Clayton, in J. Soc. Chem. Ind. 
1896, 320.) 

Calcium hypochlorite crystal. The Chemische 

Fabrik GrieRheim Eloktron (D. R. P. 188524, 
1906) describes the production of calcium hypo- 
chlorite as follows : — 

Chlorine is introduced continuously with 
agitation into milk of lime until the latter is 
nearly saturated. The solution is then doif- 
contrated in vacuS until the calcium hypocMorite 
orystallises out and can be dried in vaottd. Tra 
calcium hypochlorite obtained is said tp be more 
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stable tiZ^G' ordinary bleaching ngjwder, gives a 
clear solution jn water, and contains 80-90 p.o. 
available chlorine. 

Potassium hypochlorite solution (< Chloride of 
potash or Eau de Javd). This liquor was first 
mode in 1789 at the Javel Works near Paris, 
and was the first bloaching compound known. 
It was then made by passing chlorine into a 
solution of potashes (crudo potassium carbonate) 
in eight parts of water. This liquor is rarely 
made at tne presont time, as it has been replaced 
by the chpaper soda compound, which has now 
mostly usurped its name. 

Sodium hypochlorite solution ( Eau, de La- 
barraeiuc, usually called Eau de Javel). This 
liquor was made by passing chlorine into a solu- 
tion of sodium carbonate in 10 parts of water 
till the liquid began to effervesce and to bleach 
litmus 

Cl a +2Na a C0 3 +H 4 0 

=Na0Cl-j-NaCi+2NaHC0 3 
any further passage of chlorine produced free 
hypochlorous acid and C0 2 

NaHC0 3 -f-Cl 2 =H0Cl |-NaCl-KX) z 

The liquors containing free HOC1 keep very 
badly, the HOOl partly volatilising and partly 
losing its oxygon. 

Hypochlorite of soda solution is used to-day 
as a bleaching agent for the bloaching of special 
fabrics, in steam laundries to whiten clothes, and 
as a disinfectant, and is now prepared by one 
of the throe following inetliods , 

1. By the precipitation of a solution of 
bloaching powder by sulphate or carbonate of ' 
soda, when a solution is obtained containing 
about 5 p.c. of available chlorine, but no free : 
HCIO, and which will, therefore, keep unchanged ! 
for some time. This operation is usually con- j 
ducted at the factory or the place where the . 
solution is used 

2. By passing chlorine into a solution of 
caustic soda until nearly all the soda is chlorrn- 
atod 

Cl*+2Nft0H=NttClO+NttCl+H 1 O 

This solution is made at alkah works, and 
sold at a strength of 10-15 p.c. available chlorme. 

It has been found necessary to leave a small 
amount of free soda, about | p.c. Na 2 0, in order 
to make the solution stable, by removing all free 
hypochlorous acid and by removing traces of iron 
which would otherwise be converted into sodium 
ferrate, and aid the decomposition by carrying 
oxygen from the hypochlorite to the atmosphere. 
A very full statement on the manufacture and 
stability of sodium hypoclilorito solution made 
in this way is contained in a paper by Muspratt 
and Smith (J. Soc. Cliem. Ind. 1898, 1096). 

3. By olectrolysis of brine solution. Under 
chlorine we have discussed the electrolytic colls 
devised to liberate chlorine from common salt 
solution. In the case of the preparation of 
sodium hypochlorite there is no necessity when 
the electrolysis starts to attempt to keep 
the main products, chlormo and caustio soda, 
apart, but, on the other hand, they must be 
brought together. But directly the formation 
•of hypochlorites has begun then troubles 
begin : (1) there is insufficient agitation to bring 
the caustio soda to the chlorine, and conse- 
quently chlorine escapes, and free hypochlorous 

. vol. ii. -r 


acid and ohlorate are formed ; (2) the hypo* 
chlorite, hypochlorous aoid and the chlorate 
are themselves ' electrolysed with evolution 
of oxygen, and the output of hypochlorite 
rapidly falls to nothing; (3) the hydrogen 
liberated at the cathode reduces the hypo- 
chlorites already formed, and again the output 
ceases. 

Tho following cells have been introduced (see 

E rs by W. H. Walker in Electro-Chemioal 
stry, 1, 439) : — 

The Kellner cell consists of a stoneware 
vessel divided into a number of small compart- 
| ments by glass plates fitting into small grooves 
1 in its aides. These glass plates are wound with 
J platinum -indium wire, and form bipolar elec- 
, trodes. The electrolyte is circulated rapidly 
1 through tho cell and through a cooling coil. 

J The Schuckert cell is a largo stoneware trough, 
J separated into 8-10 compartments. In these 
j compartments are bipolar electrodes in tho 
making of which platinum-iridium wire may or 
may not be used. Circulation is effected by 
means of the hydrogen evolved, and each cell 
has a cooling coil. 

The Haas -Odd cell consists of a rectangular 
box divided into small compartments by a series 
of vortical bipolar carbon electrodes set in 
grooves. 

From the figures given by Walker, the k.w.h. 
per ton available chlorine produced in solution 
can be calculated, and are given in the following 
tablo for tho Kellner and Schuckert cells. The 
Haas and Oottol Jiguie is taken from a paper 
by ltouss boforo tho Society of Dyers and 
Colorists, Fob. 1911 : — 


Name of cell j 

Details ii 
(laid si 

Amps. 

f a stan- 
zed cell 

Volts 

K.W.H. per 
ton available 
Chloriue 

Kellner . 

120 

ho 

8800 

Sehuckert 

100 

no 

8600 

Haas and Oellol 

80 

110 | 

1 

8400 


These colls are adapted for the production 
of weak solutions only of hypochlorite of soda 
containing 1-2 p.c. available chlorine, as only 
a partial decomposition of the NaCl is possible 
without on onormous fall m efficiency. The 
cost of si*lt is, therefore, high, and actually about 
7 tons of salt are required per ton of available 
chlorine produced. 

(Jells such as these aro designed for the 
purpose of erection at the factory or works 
where the hypochlorite solution is used, and 
whore neither bleach liquor nor bleaching powder 
aro readily available. 

Full details of these and other cells are to 
be found in the series Monograpbien fiber 
Angewandte Elektrochemie, namely, vol. 8, 
Engelhardt, Theoretical Constructive Descrip- 
tion, 1903, 276; vol. 17, Abel, Theoretical 
Description; 1906, p. 110; vol. 38, Ebert 
and Nussbaum, Practical Applications, 1910, 
p. 367, all under the title, Hypochlorite und 
Elektrische Bleiche. 

Uses of Sodium Hypochlorite Sohdtom . — 
Tho uses include the bleaching of such cotton 
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and linen fabrics as require to have the softest 
possible feel, and the fullest degree of whiteness ; 
for bleaching paper pulp ; for wlii toiling clothes 
in steam laundries; for disinfectant purposes. 
Hypochlorite of soda solution possesses strong 
germicidal powers, which Klein estimates for a 
solution containing 10 p.c. by weight of available 
chlorine at 21 times that of phenol. {See Klein, 
Comparative Bacteriological Report on Chloros, 
Public Health Engineer, June 0, 1900. Also for 
further data, we Schumacher, (lesundhoit Inge- 
niour of Berlin and Munich, Aug. 10, 19, 30, 
1905; Clayton, J. Noe. Chem. lnd 1890, 320 ) 
And lastly, the strong solution prepared by 
method 2 is used in enormous quantities by the 
Badisch Amlin uiid Soda Eabnk for the con- 
version of plithalimido into anthiamlic acid, 
which last is used in the manufacture of artificial 
indigo (llallor, Les Industries cliemique ot 
pharmacoutiquoH, Exposition Univorselle de 
1900, Paris, vol. 2, pp. 128-130). 

Sodium hypochlorite crystal. Until recently 
sodium hypochlorite in the solid form was 
unknown. Muspratt and Smith, in 1898, how- 
ever, by the systematic production of a more 
and more concentrated solution, produced 
crystals of the following composition (J. Noc. 
Chem. lnd. 1898, 1100) 

NaOCl 
NaClU 3 
NaCl . 

Water (by diff.) . 


37 ’6 p.c. 
ml 

3 7 „ 
58-7 „ 


100 0 

The crystals dissolve m their water of 
crystallisation at 18 ’—21', and then rapidly 
decompose. By drying under vacuum part of 
the water of crystallisation is removed, and a 
more stable product obtained containing up to 
00 p.c. of available chlorine with a melting-point 
of over 43° ( see Muspratt, J. Noc. Clicin. lnd, 
1903, 592). 

Magnesium, Zinc, and Aluminium Hypo- 
chlorites, all of them obtained by adding the 
sulphates of these bases to a solution of bleach- 
ing powder, are sometimes used for special 
purposes because they have a moio rapid action 
than chloride of lime. Their properties have 
been fully investigated by Lunge and Lundolt m 
the abovo-mentioned memoir. They are never 
manufactured for sale, but prepared by the users 
themsolves. 

Potassium chlorate. This* salt, was originally 
made by saturating caustic potash solution with 
chlorine gas. Liebig proposed to saturate a 
thin paste of three molecules of slaked lime with 
onq molecule of potassium chloride; there is, 
however, a disadvantage in that some potash is 
lost siting with the insoluble impurities of the 
lime, and this is obviated by saturating milk of 
lime only, drawing off the clarified calcium 
chlorate liquor, ovaporating it to the necessary 
concentration, adding potassium chloride equiva- 
lent to the calcium clilorate present, and cooling 
the solution to crystallise the potassium chlorate. 
This manufacture was started in 1847 at St. 
Helens, at Messrs. Muspratt’ s works, and was 
described in detail by Jurisch in 1888, Dio 
Fabrikation von Chlorsaurem Kali und Anderen 
Chloraten, and in Lunge’s Sulphuric Acid and j 
Alkali. The absorption of chlorine by milk of j 


lime begins with the formation of ^calcium 
hypochlorite, as has already been described under 
the heading Liquid Chloride of Lime or Bleach 
Liquor, and that description applies hero, and 
is supplemented by Fig. 26, the sectional eleva- 
tion of an absorber built up of cast-iron plates 



with rust cement joints, and 10 feet diameter 
and 5 led 6 inches deep ; the agitating shaft a 
with its arms b, b is carried by the toot step, 
and by the bearing attached to the iron girder 
soon just below tho crown wheel, but this 
girder does not cover the entire top of the tank 
or prevent access to the manhole/, as the figure 
suggests ; the devico of a cup d and a water 
lute ( prevents any escape of chlorine through 
the shaft bole. The manhole is always open, 
so that there is no hindrance to tho addition of 
water or lime or the removal of samples. Home- 
times a water-jacket surrounds the absorber to 
prevent too high u temperature, as described 
later At least three, better six, absorbers are 
woi ked m series on tho chlorine, so as to absorb 
the whole of tho chlorine supplied and to obtain 
an innocuous residual gas; the gas mains for 
this purpose are not shown in Fig. 26, but they 
are exactly like those indicated in Figs. 22 
and 23. 

The milk of lime is also of approximately the 
same strength as whon making bleach liquor ; 
it should not excood 16° or 17°Tw., which 
corresponds to 6 ’3 to 6 ‘7 lbs. CaO por cubic 
foot. 

As the absorption proceeds the temperature 
slowly rises, and while an excess of lime still 
remains, tho reaction is 

2Ca( OH) 2 -f 2Cl a = Ca( OC1) a -f CaCl 2 -f 2H 8 0 
and the temperature should not be allowed to 
rise above 32° or at most 37°. The reason for 
keeping the temperature to this limit is that, as, 
the calcium hydrate goes more and more into' 
solution, the impuritios that originally accom- 
panied it are more and more released, and become 
active catalysts, enabling the hypochlorite to 
decompose Ca(OCl) 2 =CaCl 2 -f O g , and this cata- 
lytic action is the more active’ the higher the 
temperature ; the principal impurities acting 
m this way are the iron and the manganese 
oxides. The evolution of the minute oxygen 
bubbles in the turbid liquor causes the formation 
of a very strong and persistent scum which 
partly or almost completely covering the 
surface of the liquor forms bo effective a 
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separating layer between the chlorine gas and 
the fylkaline liquid below that absorption of the 
gas is very greatly reduced or even entirely 
stopped. When absorption of the ohlorino has 
one a little further, so that the freo Cn(OH) 4 
as been acted upon and only remains in small 
local particles, a series of complicated reactions 
occur which are not correctly understood, but 
may possibly be : 

2Ca(001),+4(U 2 +4H 2 (> --=2<!aFI, {-8HOC1 
i.e. a small amount of free liypochlorous acid is 
formed which, however, has no effect on the 
remainder of the hypochlorite, but winch when J 
further treated with chlorine yields, it is assumed, 
chlorine monoxide 

4HOH-f4(!J, IFU> MH('I 

and it is assumed that jL is this chloi me monoxide 
which oxidises the hypochlorite to chlorate 
Ca(OCl) 2 -f-4Cl a O -dafOV'Oi [ 4< '1 2 , with regene- 
ration of the free chlorine. 'I 1 lie sum total of 
these reactions is 

SdaiOrO^rafOjC.I}. b2Ca<!l. 

The last reaction is accompanied by the genera- 
tion of so much heat that the temperature of 
tho liquor rises exceedingly quickly up to t>5°- 
70°, the soum previously mentioned disappears, 
as there are no longer any hypochlorites to 
decompose with evolution of oxygen, and as the 
reaction of tho liquid has changed from alkaline 
to acid tho basic oxides m the scum pass into 
solution, the liquid smells of chlorine, and tho dis- 
solved liypochlorous acid bleaches litmus paper 
instantly; and lastly, tho liquid generally lias 
turned from colourless or light yellow to deep 
pink, due to the conversion of the manganese 
in tho lime into a permanganate. By summing 
the equations representing the formation of 
the hypochlorite and the conversion of tho same 
into chlorate, the total reaction appears 

ffOa( 01i) 2 + b( '1 4 = Ua( 0 s ( ’1) 2 | 5CaCl 2 -H)U,0 
which, though expressing the main end result, 
fails to represent any of tho indispensable 
intermediate stages. The completion of the 
conversion of tho hypochlorite into chlorate 
may be readily ascertained by adding to a 
sample of the cooled liquid somo strong hydro- 
chloric acid, there should be no evolution of 


The finished liquor in the absorber may show, 
according to the quality and the quantity of 
tho lime used, a strength of from 24' Tw. up to 
32°Tw., and statements have been made of 
strengths obtained up to 44°Tw. To obtain 
tho subsequent separation of the potassium 
chlorate in a propor manner, it is concentrated 
by evaporation until it shows from 00°Tw. to 
70‘Tw., and during tho evaporation there is 
considerable corrosion of tho pans and also 
decomposition of the chlorate. For these 
reasons it would appear that more attention 
might bo given to the direct manufacture of 
stronger chlorate liquors by an adaptation of 
tho process referred to by Lunge as used by 
the (jiricsheim-Elektron Company for prepara- 
tion of solid crystalline hypochlorite of calcium. 

The finished liquor in the absorber smells of 
chlorine and of liypochlorous acid, and these 
objectionable substances for the subsequent 
j treatments may be removed by the addition of 
small quantities of sodium thiosulphate or of 
tank waste. 

The liquor is run from the absorber into a 
settling tank, whence the dear liquor is drawn 
through a deep siphon, and the residual mud 
is run into a lilter press, or is diluted and washed 
by decantation, tho washings being UBed for 
making fresh milk of lnno. 

Tho strong settlod liquor is measured and 
tested for its content of chlorate, and the 
theoretical quantity of muriate of potash 
calculated, allowing for the approximately 
5 p c. of impurities contained in it. 

The open boiling -down pans are made either 
oi cast iron or prefeiably of wrought iron, as 
it doos not crack, and is repairable when 
damaged by corrosion. After charging with 
; the settled liquor tho hies are lighted and the 
I muriate of potash is added. The boiling is 
umtinued until tho lint liquor shows 70°Tw., 
when the boiling is stopped and the liquor 
allowed to settle. The mud consists of magnesia 
originally contained in tho lime, or in the 
muriate of potash, then converted mto chloride 
which, decomposing in the pans mto magnesia 
and hydrochloric acid, makes a very objection- 
able mud, and also corrodes the pan from which 
a Hodiment of feme oxide resultB ; tho mud 


chlorino gas. Full analysis of the liquor j 
always shows that tho molecular proportion ! 
of chloride is somewhat greater than indicated 
by the genor&l equation above, namely 54); 
if much oxygen is evolved the figure may roach 
5 '8, but with very good work the figure may be 
5 "3. The operation lasts from less than 24 
hours to 72 hours, according to tho speed at 
which the chlorine can be passed so as to comply 
with tho condition of complete absorption. 
With reference to the possibility of increasing 
the speed of absorption, and so with efficient 
cooling reducing the catalytic decomposition of 
the hypochlorite a description by Lunge (Sul- 
phuric Acid and Alkali) of the absorbing 
apparatus used by Messrs. P6chiney at Salindre's 
is of considerable interest, the agitation being 
effeoted by means of a padclle wheel with 
horizontal and submerged axis, but each blado 
in turn projects through the liquid surface as 
the paddle revolves, and the absorption is 
excellent and superior to that in all othei 
absorbers. 


also contains gypsum from the original lime, 
and from the sulphates in the muriate of potash ; 
to prevent this mud from burning fast to the 
pan it mu^fc be removed after each operation, 
and the soluble salts recovered by washing. 

The coolers for the first salts are generally 
made of iron, since in no case can a pure pro- 
duct be obtained at this stage. They arc best 
made like tlioso used for soda crystals, with a 
plughole for running off the mother liquor. 
They ought to be numerous enough to permit 
of the liquor remaining in them 9 or 10 days in 
winter and 14 days in summer. Here tho crude 
chlorate of potash crystallises in long acicular 
crystals, totally unlike in general appearance 
tho thin plates in which tho same salt crystallises 
when pure, but in reality possessing exactly the 
same crystalline faces, only developed in different 
fashion. They are easily distinguishable from 
the large transparent prisms of hydrated calcium 
chloride which appear if the concentration has 
been too great. They must be broken up after 
draining, and the adoring mothor liquor washed 
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off with a little water, and finally drained in a 
hydro extractor. 

The mother liquor is a nearly saturated solu- 
tion of CaCl.j, with a little KC1, and with about 
30 grams of K(J10 a per litre. With bad work 
much more chlorate is left in the liquor. In 
the very best case 10-12 p.c. of all chlorate 
manufactured is lost through this cause, usually 
much more (25-30 p.c.). Usually it is not even 
attempted to recover the chlorine from these 
liquors by heating with hydrochloric acid — they 
are simply run to waste. But, with due care, 
the mother liquors can be quite well worked for 
chlorine by taking care to ivm the hydrochloric 
ucid in pan passu with the liquor. Strictly 
speaking, it is not the chlorine of the chlorate 
which is recovered in tins way, but chlorine 
produced by oxidation of the HOI added. 

Wylde, Hammill, and Auer (ling. Bat. 
15097) describe a process lor the recovery of 
about half the chlorate left in the mother liquor 
by refrigeration. The process is described in 
detail by Hammill (J. Sou. Cliem lud 1889, 
108), who states that the crude crystals obtained 
by refrigeration have a liner gram than tile 
ordinary crude crystals, but when thrown down 
from mother liquors of not ovoi 72“Tw., are no 
more impure, and are as l oathly i oh nod by one 
recrystalhsation. Hammill says that on cooling 
to —12“ only 13 5 grams lv('l() 3 poi litre 
remain in the liquors. 'This process has now 
been worked successfully for *iany years. 

Another process for greatly reducing the 
loss of chlorate in the mother liquors is that of 
Boclnnoy (cf. Weldon, J. Boc Chem. Ind. 1882, 
41). He concentrates ordinary chlorate liquor 
made from lnno of a density of 42°Tw., up to 
100’Tw. (hot), and cools it down to at least 
12°C., but not below 10°C. Of its 5 5 mols. of 
CaCl 2 , 4 3 are thus caused to crystallise out as 
CaCl 2 ,2HgO (probably it should be t»ll 2 ( >), but if 
the temperature wore allowed to fall below 10 ’, 
calcium chlorate would crystallise as well. The 
crystals are separated by a hydro extractor, and 
the mother liquor is treated with the calculated 
quantity of KU1 , 1 there being only 1*2 C’aCL 
present to 1 K1U() 3 , the mother liquors cause a 
very much smaller loss than in the ordinary 
process. Bechiney’s process is specially suited, 
anti was originally invented, for the manufacture 
of sodium chlorate (cf. infra). It is evidently 
only possible to work it in the cold season, 
unless artificial cooling is employed. 

The crude chlorate of potash is always puri- 
fied by recrystalhsation (’finished 1 ). Bor this 
purpose it is redissolved in a mixture of water 
and of the mother liquor obtained m the finish- 
ing process, which is done in a lead-lined vessel, 
with the aid of steam, preferably indirect 
steam. The solution is made at a full boiling 
heat, sometimes with the addition of very small 
quantity of sodium carbonate and of sodium 
sulphide, in order to procipitate any iron and 
lead present; it is made up to 25°Tw., and, 
after ^ood settling and straining through canvas, 
the liquor is run into the coolers. These are 
made of iron lined with lead (wood lined with 
lead is not so good) ; they are either of a deep 
pattern, with wooden laths placed inside for 

1 The Intermediate formation of a calcium oxy- 
chloride, described In P6chlney’a patents and Weldon’s 
paper, has since been given up. 


the crystals to adhere to, or else they are made 
quite shallow, but covered over to prevent any 
too rapid cooling. The crystallisation lasts 
from 8 to 14 days, according to the season. 

The crystals are drained, washed on the 
drainer, and then again drained in a hydro 
extractor. This is imperative, since it is re- 
quired that chlorate of potash should show little 
or no trace of chlorides ; (H)5 p.c. being a 
maximum sometimes stipulated. Bo long as 
there is BbCU present, this cannot be very 
easily olfected, but the lead can be removed 
in dissolving, as stated before. The mother 
liquors and washings are used over agam till 
they become too impure, when they go back to 
the bodmg-down pans. The crystals are dried 
on a hollow iron plate, covered with sheet lead, 
and heated by steam. 

Chlorate of potash is either sold as ‘ crystals 1 
or 1 ground.’ For the former purpose the crys- 
tals, as they come from the drying plates, are 
sifted thiough a sieve with eight holes to the 
linear inch, or less, as the case may he. The 
powder is best ground while still slightly warm. 
The mills may be ol any description, horizontal, 
edge runnels, rollers; but the chlorate during 
grinding ought not to come mto contact with 
iron, nor with any organic substanco (straw, 
wood chips, &c ), or dangerous explosions may 
occui. It must be silled through a involving 
sieve, made of miller’s gauze, with mechanical 
brushes. The powder ought to bo snow-white, 
and without any grittmess, like lino flour. The 
crystals ought to be thin, brilliant transparent 
plates ; excessive drying will make them opaque. 
Both arc usually packed in 1 -ewt. kegs, laid out 
with blue paper. 

The loss of the chlorine used to amount to 
about 38 p.c., with the new processes the losses 
are about 30 p.c., or at least 25 p.c. The loss 

01 the potassium amounts to 25 p.c. 

Mwjncsia Chlorate of Potash Placets. — The 

great loss of eldorato in the ordinary process 
has given rise to the process of Muspratt and 
lOschellmann, where magnesia is substituted 
lor lime (Eng. Bat. 39(H), 5183, and 5180 of 
1883 ; and 1900 of 1885). A detailed descrip- 
tion of this process has been givon by Higgins 
( J. Boc. Chem. Ind. 1887, 248). The magnesia is 
obtamed by burning Greek magnesite at not 
too high a temperuture ; when overburnt it is 
useless for the absorption of chlorine. The 
Mg() is very finely ground, suspended in water, 
and exposed to the action of chlorine in the 
ordinary octagons. The reaction ib not so vio- 
lent as with hme. The temperature of a finished 
octagon is usually 43°, and it never exceeds 
00°. in the finished liquor the proportion of 
chlorate to chloride is very near to the theore- 
tical, viz. 1:51 or less ; tins constitutes an 
important advantage over the lime process, 
7 p.c. less chloride being formed. No pink 
colour appears with very pure inagnosia, but it 
does when it contains manganese. The strength 
of tins liquor varies from 117 to 1 ’22. 

The octagon liquor is now boiled down to 
75 o -80°Tw., when on cooling about 50 p.c. of 
the chloride will crystallise out as MgCl 2 ,6H 2 0. 
The mother liquor contains 1 mol. chlorate to 

2 8 chloride. Botassium chloride is now added 
to it m slight excess, and the potassium chlorate 
crystallised out. The mother liquors being 
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much less in quantity than with lime, and precipitated potassium bitartrate from the 
KClOj being less soluble in Mg01 a than in CaClj, solution of sodium chlorate, 
the magnesia mother liquors contain much less The manufacture of chlorate of soda from 
ohlorate than lime liquor (on an average 19 calcium chlorate liquor was first carried out 
grams down to 10 grams per litre), and tho by P^chiney, by means of his process of 
yield of KC10 3 rises to 90 p.c. of the total. removing most of the calcium chloride from 
The mother liquor is treated with HOI to the crude liquor by crystallisation. The purified 
destroy the ohlorate, with due precautions liquor thus accumulated during the colder part 
against explosions. Tho still liquor is now of tho year is mixed with a solution of ordinary 
neutralised with MgO ; a solution of kiesonte sodium sulphate, that is Baltcake, neutralised 
(MgS0 4 ) is then run in to decompose the by lime before it is used, with continuous 
calcium chloride present, and the gypsum, along agitation, until all the calcium Roluble salts 
with iron oxide, is sottled out. The liquor is have been converted into calcium sulphate, 
now concentrated in cast-iron pots (wrought and final additions of either liquor are then 
iron is acted upon too much) ; the iron dissolving made until neither is in excess. The CaS0 4 , 
in the liquor is oxidised to the ferric state, and which, under the proper conditions, is crystal- 
is precipitated by MgO ; tho sottled liquor is run line, is then separated from the liquor by 
into barrels, where it Nets to a hard mass con- filtration and washed m a hydro extractor, 
taming 47 p.c of MgCl 2 . This magnesium Tho solution of sodium chlorate and sodium 
chloride is sold to cotton sizers chloride is now concentrated by evaporation, 

This process would, of course, only become during which most of the sodium chloride 
general if the magnesium ehlonde obtained as separates m the solid form and is fished out. 
a by-product could be profitably decomposed for The remaining solution on cooling yields crystals 
ohlonne, as it is not saleable by itself in very of sodium chlorate, which are purified by 
large quantities, and could not compoto in recrystalhsation. The purified sodium chlorate 
price with the Ntassfurt article. Such utilisa- crystals contain no more than 01 li p.c. NaCl. 
tior of magnesium chloride for the manufacture Tho mother liquors from the chlorate crystals, 
of chlorine had boon intended by Weldon, who and tho washings of the sodium chloride, go 
first proposed magnesia for the above purpose, back into the process, and thus nearly all the 
and it is again mentioned in a patent of J. chlorate contained in the liquor is obtained. 
Wilson (5975 of 1884). Twyman (4397 of Chlorate of soda is manufactured by tho 
1881) proposes dolomite, under the idea that Muspratt Chlorate Process by mcanR of their 
double chloride of potassium and magnesium magnesium chlorate liquor, freed from nearly half 
(carnalhto) will erystalliso out of the mother the MgCL by evaporation and crystallisation ( cf . 
liquor after tho chlorate (This seems quite supra). To this liquor sodium carbonate is added, 
hopeless, sinee the principal question jr not. till all the magnesia is precipitated as a basic 
that of saving KC1, but KCIO s .) carbonato (magnesia alba), m order to be used 

Electrolytic Chlorate of Potash Processes are over again in the process. The remaining 
tho most, recent. In the preparation of chlorine solution of NaCl() s and NaCl is concentrated 
from potassium chloride solution by tho Cries- by evaporation, with fishing out the NaCl, and 
heim process when using magnetite anodos tho after attaining 120°Tw., is allowed to cool down ; 
by-product formed is potassium chlorate, and the sodium chlorate crystallises out, and is 
it crystallises out in the anode cells and is purified m the usual manner, 
recovered. More direct methods are described Manufacture of Alkaline Chlorates hy Electro - 
under Sodium ohlorate. lysis. The passing of an electric current through 

Uses of chlorate of potash are principally for a solution of NaCl or KC1 liberates Na or K at the 
tho manufacture of Jucifcr matches, for pyro- cathode, and Cl at the anode. The Na or K at 
technical purposes, for fuses, tor some dosenp- once decomposes H O to form NaOH or KOH 
tions of gunpowder, and other easos whore it is a and hydrogen gas. If the electrolyte is heated 
constituent of explosive materials, it is also from 45° to 100°, and the caustic alkali is re- 
largely employed, on account, of its oxidising moved promptly from the cathode to the anode, 
properties, m dyeing and caheo printing, in the the Cl liberated is absorbed in the caustic alkali 
manufacture of alizarin, &c. produced to form chlorate. There are, however, 

Sodium Chlorate. This compound, which a numbed of secondary reactions, both* at the 
formerly was only a chemical curiosity, has anode and tho cathode, and tho electrolysis of 
become of technical importance, since it was the chloride cannot be carried to completion, 
found that it is much more suitable for tho because tho product, the chlorate, is itself 
preparation of aniline black than potassium subjected to electrolysis and so destroyed, 
chlorate, owing to its greater solubility. Theoretically, a current of 1 ampere will pro- 

It was at first thought that it could not bo (luce in 1 hour 0*7627 gram KC10 3 , or 0*663 
prepared from the calcium-chlorate liquor of gram Na(’10 3 . 

the ordinary process, because NaC10 $ is very (Jail and Montlaur, in their Eng. Pat. 4686 
soluble, and cannot be separated from OaCl 2 by ol* 1887, describe the production of alkaline 
crystallisation, and when a demand for it sprang chlorates by the electrolysis of allgiline chlorides 
up, it was made from potassium chlorate by in a trough divided into two pans by a porous 
meanB of hydrofluosilicic acid ( rf . Lunge’s Alkali, diaphragm. The anodes are platinum-iridium 
3, 320), and was sold at two or throo times the sheets containing 10 p.c. of iridium ; the 
prioe of the potassium salt. cathodes are iron, though it. is stated that niokel 

The process of Uottomloy and Molesworth would be preferable. Tho electrolyte consists 
(Pat. 3005 of 1881) consists in treating a hot of a 25-p.c. solution of KC1, kept at a tempera- 
saturated solution of potassium chlorate with ture of about 80°. The liquor from the cathode 
one of bitartrate of soda, and separating the compartment containing the alkaline hydrate 
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there produced, is circulated through the anode 
compartment and combines with the chlorine 
liberated. A current density of 60 amperes 
por square decimeter is used, and a pressure of 
4*5 to 6-0 volts is required. In the case of 
potassium chlorate, the anode liquor is run into 
crystallising vessels, whero the KClO a crystal- 
lises out, and the mother liquor, after reaatura- 
tion with KOI, is passed back to the cathode 
compartment. In the case of sodium chlorate 
the anode liquor has ilrst to be concentrated 
to crystallise out the NaCl before crystallising 
out the Na( '10 3 . The crystals obtained require, 
of courso, to be refined by rccrystallisation, as 
in the case of those produced by chemical 
processes. 

Hurtor (Eng. Bat. 1639b of 1893) electrolyses 
KC1 in a metal vessel which acts as cathode, 
and which lias on its inner side a coating con- 
sisting of a mixture of Portland cement, salt 
and sand, winch, after washing out the salt, 
yields a porous diaphragm. Tim anode is a 
sheet of platinum suspended in the centre of the 
vossol. Several vessels are superposed and 
worked m series, being kept apart by insulating 
rubber rings. A solution of K< '] containing 
a little caustic alkali is run into the top vessel, 
from which it overflows, through a glass or 
ebonite pipe, into the cell below. The hydrogen 
evolved escapes by pipes from the upper part 
of each compartment. 

Blumenburg (Eng. Pat. 912!) of 1894) 
describes a coll with a porous diaphragm in 
which the anode compartment is closed and 
connected by a pipe with the bottom of the 
cathode compartment, so that the ehloime 
liberated at the anodo passes into the lnjuor in 
the cathode compartment, and then' com bines 
with the caustic alkali produced, the tempera- 
ture being maintained at a temperature of 
about 49°. In the Cer. Pat. 89036, and also in 
the U.S. Pat. 637179, Blumenburg passes the 
chlorine gases from the anodo compartment 
into a gas holder, from which they pass to a 
separate combining vessel, whero they are 
absorbed in the alkaline liquor from the cathode 
compartment. Chlorate is also formed as a 
by-product in the Criesheim coll described 
above, when using the Oxide of iron anode. 

In 1899 Iinhoff made a great advance in the 
olectrolytic production of chlorate by his dis- 
covery of the action of small quantities of 
chromate of potash or soda in the electrolyte 
(U.S. Pat. 627003 of 18!)!)). The action of the 
chromate is to form an insoluble film around 
the cathode, and so to prevent the reduction 
of hypochlorite and chlorate by the nascent 
hydrogen evolved at the cathode, and has 
resulted in a very marked and important 
improvement in the current eflicioncy. 

Details of the electrolytic chlorate processes 
up to 1903 wore collected by J. B. 0. Kershaw 
and published as vol. 19 of the Monographien 
der angewandte Elektrochemie, under the title, 
Die elektrolytischo Chloratindustrie, 1906, 

p. 122. 

Perchlorates of Potassium, Sodium, and 
Ammonium. That by the electrolysis of 
chlorates there Wore formed perchlorates, was 
first shown in 1816 by Stadion, and in 1847 
confirmed by Kolbe. With the aid of such 
electrolytic methods the above named per- 


chlorates have been manufactured in Mansboe, 
Sweden, Bince 1896, in considerable quantities 
(Carlson, Zeit. fiir Elektrochemie, 6, 471), 
and since 1901 in Cliedde, France (see Lederlin, 
J). R. P. 136678). The ammonium salt is used 
in the manufacture of explosives. Laboratory 
experiments are dosenbed by Foerster (Zeit. 
fur Elektrochemie, 4, 386) and Wintelor (Chem. 
Zeit. 22, 90) ; see Kershaw, Elektrolytische 
Chloratindustrie, p. 67. 

Hydrochloric Acid. Commercial hydrochloric 
acid is a more or less pure solution of hydrogen 
chlondo HC1 in water. 

Hydrogen chloride is a colourless gas, of 
sp.gr. 1*2690 (air=l), and molecular weight 
30*457. By weight it consists of 2*74 parts of 
hydrogen and 97*26 parts of chlorine. It can 
be condensed into a liquid by cold and pressure. 
Its nip is —111*4", and b.p. —83 1', and its 
critical constants -|-6l 4°±0’1° and 81*66±0 , 16 
atmospheres. 

The vapour pressures can bo expressed 
between 10° and 51*4° by the formula : 
log p— 1*1 52048 +0*01 03 12(/— 1 0 *2) 

- 0 *0000 19989(f— 10*2)* 
and between -24*2° and 10° by the formula : 
logp=l J0100 f 0*01 3277(/ + 24 *2) 

-0 00003!)978(/+24-2) 2 
(Cardoso and Hermann, .1 (’horn, l’hys. 1912, 
10,617; 11, 632). 

The heat of formation of a gram-molecule of 
H Cl is 22001 cals. 

Hydrogen chloride has a groat affinity for 
water, and is greedily absorbed by it. The solu- 
tion is the ordinary hydrochloric acid which, 
when somewhat concentrated, emits fumes of 
HC1 on exposure to the air. The following 
table by ii Deieko shows tho maximum solu- 
bility of MCI in water at varying temperatures. 
I c.e. dissolves at the temperature 1° from an 
atmosphere of pure HOI at 7(H) mm. pressure : — 


V-' 

Vol* HClat el- 
and 700 mm 
dissolved In 

1 vol JT 2 () 

Specific gravil v 
of tho satu- 
rated solution 

Percentage of 
H01 by weight 
in the solution 

o°c. 

525*2 

1*2267 

45*148 

4 

494*7 

1*2265 

44*361 

8 

480*3 

1*2185 

43*828 

12 

471*3 

1*2148 

43*277 

14 

462*4 

1 2074 

42*829 

18 

451*2 

1*2064 

42*344 

23 

435*0 

1*2014 

41*536 


Tho behaviour of aqueous solutions of HC1 
under varying conditions of temperature and 
pressure has been studied by Roscoe and Dittmar 
(Chem. Soc. Trans. 12, 128). They found that 
concentrated hydrochloric acid on heating loses 
both gas and water, but as the proportion of 
IIC1 to H 2 0 is higher in the vapour than in the 
origmal liquid, the residual liquid gradually 
beeomes weaker, until a sp.gr. of 1*101 and a 
percentage of 20*24 HC1 is attained at a boiling 
temperature of 110°; the acid in this state 
distUs without change, provided the atmospheric 
pressure is 760 mm. At a lower pressure the 
acid distilling unchanged is stronger, at a higher 
pressure it is weaker. A similar, but not identical 
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limit is attained when strong acid is exposed to 
the air at ordinary temperatures. 

The following table gives the percentages of 
HC1 in aqueous hydrochloric acid at various 
specific gravities and at a temperature of 


Deg. 

Twaddcl) 

Spec. 

gravity 

Percen- 
tage of 
MCI 

Grams 
HC1 
per litre 

l cubic 
foot 
weighs 
lbs. 

1 cubic 
foot, con- 
tains lbs 
of HCI 

1 

1 005 

M2 

11-32 

02*00 

0-70 

2 

1010 

2 12 

21-45 

02*07 

1 34 

3 

10 15 

3-12 

31-07 

03*29 

1 *07 

4 

1 -020 

4-11 

41-00 

03*00 

2 01 

r> 

1025 

511 

52-41 

03*01 

3-20 

(i 

1 030 

Oil 

02-03 

(54*22 

3*02 

7 

1035 

710 

73-55 

04*53 

4*58 

S 

1040 

8-10 

84 27 

04-84 

5*25 

o 

1-045 

o-io 

95-00 

05*10 

5*03 

10 

1-050 

10-00 

100 01 

(55*47 

0 01 

n 

1-055 

1100 

117-02 

05*48 

7*31 

12 

1 000 

12 00 

128-14 

00*00 

8*00 

13 

1-005 

13 08 

130-30 

(50*40 

8-00 

14 

1 070 

14 08 

150 08 

0(5 ‘71 

0 40 

15 

1 -075 

15 08 

102 10 

07*03 

10 11 

10 

l 080 

10-07 

173-02 

(57*34 

10*83 

17 ■ 

1-085 

17-07 

185-24 

07 -(55 

11 55 

18 

1 000 

18-07 

100-00 

(57 9(5 

12-28 

10 

1 005 

1007 

208 78 

[ (58 27 

13 02 

20 

1100 

2000 

220 70 

1 08 50 

13 70 

21 

1 105 

j 21 00 

232-08 

(58*00 

14*51 

22 

1110 

22-00 

244 80 

00 21 

15-27 

23 

1115 

1 23-05 

257 02 

(50 52 

10*04 

24 

1 120 

24 05 

200 34 

(50 83 

10 70 

25 

1125 ! 

25 05 

281-70 

70 14 

17-57 

20 

1*130 

20-04 | 

204 28 

70 4(5 

18*35 

27 

1-135 

27-04 

300-00 

70 77 

1014 

28 

1140 

28-04 

310 02 

71*08 

10-03 

20 

1145 

20-03 

332-44 

71 30 

20-73 

30 

1150 

30*03 

345-30 

71*70 

21-54 

31 

1 155 

31 03 

358-34 

72 02 

22 35 

32 

MOO 1 

32 02 

371-44 

1 72-33 

23 10 

33 

1-105 

33 02 

384*04 

72-04 

23*99 

34 

1-170 

34 02 

307*04 

| 72-05 

24 82 

35 

1175 

35 01 

411*34 

! 73-20 

25 05 

30 

1 180 

30-01 

424 84 

73-57 

20-40 

37 

1185 

37-01 

438-44 

73-80 

27-34 

38 

MOO 

38-01 

452*14 

74-20 

28-20 

30 

M95 

30-00 

400*00 

74 51 

20-00 

40 

1-200 

1 

40-00 

470*84 

j 74-82 

30-00 


Lunge and Harter's Alkali-Maker’s Hand- 
book gives somewhat lower figures; they also 
ive the following table for correcting the 
ydrometer readings for varying temperatures. 

The Manufacture of Hydrochloric Acid 
In former days small quantities of acid were 
produced by decomposing common salt with 
sulphuric acid in cast-iron cylinders, and in 
order to utilise the more expensive sulphuric 
acid, an excess of common salt was usod. The 
solid product left in the oylmdor consisted of 
sodium sulphate, mixed with 20-30 p.c. NaCl 
and was commercially known as cylinder cake. 
The production of hydrochloric acid from 
cylinders has, however, practically ceasod. 

Some time after the establishment of the 
Leblanc soda process in this oountry all the 


hydrochloric acid of oommerce was obtained as 
a by-product of that process ; at first the prhoess 
produced enormously more hydrochloric acid gas 
than could be sold as hydrochloric acid liquor, 
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and* sortie of the difficulties encountered in con- 
sequence are dofcailod in tho following aocount. 

New sources of hydrochloric acid arose when 
acetic acid began to be chlorinated by the 
Badisohe Anilin und Soda Fabrik in great- 
quantities for the manufacture of monochlor- 
acetic acid and artificial indigo, and as ono after 
another organic compound came to be chlorin- 
ated. LaRtly, since the output of chlorine from 
the electrolysis of the chlorides of potassium 
and sodium was not sufficiently readily taken 
up, processes are now proposed of converting 
chlorine into hydrochloric acid either with the 
aid of hydrogen obtained in the decomposition 
of wood or of the hydrogen obtained at the same 
time as tho electrolytic chlorine. 

Hydrochloric Acid obtained in manufacturing 
Sodium Sulphate (Salt t'akc). When Leblanc 
decomposed salt in order to obtain sodium 
sulphate he proposed to convert the hydro- 
chloric acnl gas evolved into ammonium 
chloride ; but when the Leblanc soda process 
was introduced into tins country that part of 
his suggestions was not carried out., and the 
acid gas was regarded as possessing no value, 
and it was simply allowod to escape into the 
air. This continued to be tho case even after 
that manufacture had attained a comparatively 
large extension, but the damage caused to the 
neighbourhood by the acid gases soon brought 
about tho intervention of local authorities and 
courts of law, and manufacturers were com- 
pelled t.o pay compensation for the damages 
thoy lmd done. Repeated penalties compelled 
tho alkali manufacturers to seek means for 
condensing the acid gas. Tins was first- success- 
fully done in 1830 by (-lossage's coke towers, 
but for many years after tins there was still 
considerable damage done by escaping acid 
gas. The continued disregard by the old alkali 
manufacturers for tho rights of then* neighbours 
led in Belgium, in 185(5, to a Parliamentary 
Commission, and in this country in 18(53 to 
Lord Derby’s Alkali Act, and the several 
subsequent Acts, by moans of which British 
alkali makers were compelled to adopt thoroughly 
efficient means for condensing then* hydro- 
chloric acid, and this has benefited all other 
manufacturing countries as well. 

The reports made by the inspectors under 
tho Alkali Acts form an invaluable record of 
all the various stops taken for improving the 
condensation of hydrochloric acid, qnd have 
helped to spread a better knowledge of that 
process and havo caused manufacturers to 
improve it up t-o the highest standard of 
efficiency. 

T^e Alkali Acts of 1863 made it incumbent 
upon those decomposing salt to allow no more 
than 5 p.c. of the hydrochloric acid to escape 
into tho atmosphere. An additional Act of 
1874 proscribed that no more than 0-2 grain of 
HC1 might be prosont in a cubic foot of the gas 
escaping from the factory into the air. This 
corresponds to 0*454 gram H(ll per cubic metre, 
or about three ten-thousandths by volume. 
The latter clause applies to tho chimney gases 
as well, and not meroly to the gases escaping 
directly from the condensing apparatus. 
Although these requirements were at first 
declared by many to be impossible of fulfil- 
ment, the actual results proved at once that 


they were quite possible, and the escapes regis- 
tered by the Alkali Inspectors have averaged 
far below the limits assigned by the Acts. 
In 1885 only 2*13 p.c. of the total hydrochloric 
acid was allowed to escape, and the chimney 
and other gases escaping into the air contained 
only 0*10 grain HC1 per cubic foot. No 
change has been made in the limit fixed in 
1874, and the working of that Act remains satis- 
factory. Compare the survey of these Acts by 
the Chief Inspector under these Acts in J. Soc. 
Chem. Ind. 1892, 120. 

Although the various processes and apparatus 
used for the manufacture of sulphate of soda 
produce gases differing within wide limits in 
temperature and concentration of 11 Cl, an 
elheient condensation, i e. practically complete 
absorption of the IJC1 in water to form a liquid 
acid of 1 15-1*17 spgr is usually obtained. 

Tho eflieieney of the condensation of gaseous 
JJC1 in water is* dependent on three considera- 
tions : 

1. Temperature of the gas and of the 
liquid. 

2 Concentration of 11(3 in the gases to be 
scrubbed and of the acid liquid to lie produced. 

3. Time of contact between the gas and the 
liquid, and the average distance between the 
gaseous particles and the liquid particles, and 
also tlie t-lnckness of the liquid layer, and on it-s 
motions internal and as a whole. 

On issuing from the sulphate of soda plant 
tlie acid gases require cooling. The apparatus 
used for this purpose depends on 
tin* temperature of the gases. 

11 the gases issue from tho 
pot or pan of a handworked salt- 
cake furnace, the temperature is 
comparatively low In tins ease 
the cooling is usually done in a 
row or rows of earthenware pipes. 

Tho pipes used arc often un 
glazed, but are rendered imper 
vious to moisture and gas by 
boding in tar. In some cases 
the earthenware pipes are sub- 
stituted by glass pipes of 12 
inches diameter, made slightly 
taper, as shown m Fig. 27. The 
gla^s pipes are, of course, more 
liable to breakages by accident-, 
and also through the effect of 
violent changes of temperature, 
than the earthenware pipes, but 
m sheltered positions they last 
well. 

For tho hotter gases issuing 
from the furnace of an ordinary 
muffle hand sulphate of soda 
furnace, or from the cylinders 
of the Hargreaves process, cast- 
iron pipes aro usually used to 
cool the gases down to a safe 
temperature before passing them 
as before into earthonwaro or Fia. 27. 
glass pipes. Tho action of, the 
hydrochloric acid gases on cast iron, when at 
a temperaturo well above^condensing-point of 
liquid acid, is very slight. ** 

When open furnaces, whether ‘ hand ’ or 
‘ mechanical’ (such as the Maotear furnace), are 
used, the acid gases are mixed with the products 
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of combustion, and are consequently both muoh 
hotter and more dilute. Under these conditions 
extensive series of cast-iron pipes 
are used for the preliminary 
cooling before passing the gases 
into tne earthenware pipes for 
final cooling. 

The earthenware pipos used 
are usually 12-inch or 15-inch 
diamoter socket pipes, the joints 
being mado with a cement of 
tar and China clav. The cast- 
iron pipes vary from 12 to 20 
inches in d tamo tor, according to 
the quantity of gas, and the ar- 
rangement of the cooling system 
of pipes ; they arc socket pipes, 
the joints being mado by ram- 
ming into the socket iron filings 
moistened with ammonium chlo- 
ride solution. 

The arrangement of the cool- 
ing pipos depends on the rela- 
tive positions of the salt-cake 
furnaces and of the acid con- 
densers and the space available. 

When the 'salt-cake furnaoe is a long dis- 
tance from the condensers, a single direct lino 
of japes may bo a sufficient means of cooling; 
where the distance apart is small the necessary 
amount of cooling surface is obtained by adding 
extra lengths of pipe that run vertically up and 
down and that start from a small stone cistern 
and return to another stone cistern for the 
purpose of collecting any liquid deposited 


j 45°, or even to 25°. The (looting of 'weak gas is 
far moro important than the cooling of strong gas. 




Fia 28. 

The cisterns are usually made in this country 
of siheious sandstone found in Yorkshire, 
and known as ‘ Yorkshire flag. 1 The cisterns 
aro composod 



by a mixture of tar and fire clay, as in Fig. 30. 
By one or more of the above arrangements of 
pipes and cisterns the acid gases are ^cooled to 


Fra. 30. 

The gases next ontor the apparatus where 
the hydrochloric acid gas is to be converted 
into a liquid acid of commercial strength, and 
that in such a manner that practically hardly 
a trace of acul escapes 
condensation. 

The apparatus 
almost universally 
used aro tall stone 
towers, packed with 
broken coke specially 
arranged, down which 
a stream of water is 
allowed to trickle, 
and up which the 
gases are caused to 
flow ( Fig. 3 1 ). These 
towers were invonted 
and patented by 
(jJossago, m 1830. 

The coke tower 
has the merit of sim- 
plicity, and, when 
carefully packed, of 
efficiency. 

The comparative 
efficiency of various 
modes* of treating 
liquids with gases has 
boon dealt with in a 
series of jiapors by 
Hurter, who also 
gives some interest- 
ing data on coke- 
packed towers (J. 

! Soc. Ohern. lnd 1885, 

63!); 1887, 707; and 
1893, 227 and 989). 

Coke towers aro 
erections of consider- 
able height, varying 
I from about 40 feet. 

! to 00 feet. The hori- 



Fra. 31. 


zontal sectional area may vary from 25 to 
180 square fcot. Thoy aro provided with a 
grating a^ew^eet over the bottom, on which 
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rests the ooke whioh forma the ‘ packing * of 
the tower. This ooke, which must be of as 
hard a quality as possible (only the best oven- 
coke is applicable for this purpose), is disposed 
in suoh a way that the gas is as much as possible 
divided in a large number of channels (none of 
them being so wide that the bulk of the gas 
can pass up through it), and that the current 
of gas is constantly changed in direction. For 
this objeot long pieces of coke are laid parallel 
in a row ; the next row is made to cross the 
lower one, and so forth. The size of the piocos 
is gradually diminished from bottom to top. 
In order to avoid an excessive quantity of the 
gas passing up the side of the condenser along 
the wall, it is usual to place a layor of finer coke 
round the condenser for a few inches from the 
wall. By this arrangement, there is effected 
both a great division and constant mixturo of 
the gases, and at the same time a suitable 



Fig. 32. 

spreading of the feeding water over a very large 
surface. Wne great advantage coke has over 
flints or other packings is that, owing to the 
roughness of its surface and its porousness, it 
always retains a largo store of liquid, which 
tends to koep the working of the condensers 
steady under a fluctuating flow of acid gases, 
and to tide over diflieultios occasioned by any 
unintentional stoppage of tho liquor supply. 
The water (or sometimes weak acid) is fed in at 
the top by some contrivance assuring a uniform 
distribution over # the wholo aroa of tho tower; 
and in trickling down it keeps the surfaces of 
the ooke moist, and a very largo area of contact 
between the gases and tho liquid is thus pro- 
duced. These towers are so simple to construct 
and so effective that of recent yoars thoro has 
been a growing tendency in England kfdo away 
with all oooling pipes, cisterns, wash towers, &c. , I 
aiid to use a ooupfe of very large atone towers to | 


do the whole work of cooling and condensation 
for two or even more salt-cake pots and furnaces. 
The towers are worked in series, the weak acid 
from the second or final tower being run down 
the first tower. In this way both complete 
absorption of tho acid is assured, and the pro- 
duction of a strong liquid acid, i.e. one of over 
1 *15 sp.gr. To condense the acid from two- 
hand salt-cake furnaces the two towers may 
each be 5 feet square and 50 feet high. 

No difficulty is now experienced in pumping 
tho weak acid made m tho second condenser 
on to tho top of tho first condenser, either by 
stoneware ram pumps, ebonite ram pumps, 



Fig. 33. 


stonoware acid eggs, or occasionally even yet by 
tho Hazlehurst membrane pump, patented in 
1876. The asconsion pipe is usually of stone- 
ware or ebonite, occasionally of load. 

Brick towers are not to be recommended, as 
it is practically impossible to keep the numerous 
joints tight against acid oozing out. Columns 
of stoneware pipes cannot be made of a large 
area, and, therefore, are not very well adapted 
to large works, at least if intended for coke 
towers ; but they do very good service at 
smaller works, or as supplementary to a large 
condonsing plant of stoneware receivers. Tho 
material mostly employed for ooke towers is acid 
proof sandstone or, in France, volvic lava, just as 
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for acid tanks. The system of joining the flags 
together is the same as shown in Figs. 28 and 
29, or else as in Fig. 30, or as shown in Fig 32, 
in which the flags are kept together by means 
of grooves worked in the stone, and without 
the aid of any ironwork, which is always a source 
of anxiety in acid condensers. 

The coke towers are generally placed at a 
high level, and are, if nocessary, put upon pillars, 
for the purpose of running the acid from them 
by gravitation either into chlorine stills, or into 
store cisterns for sale. They must, of course, 
have a very secure foundation, m the construc- 
tion of which not merely the great woight of the 
tower must bo considered, but also the proba- 
bility that there will bo now and then leakages 
of acid which may make the foundation unsafe, 
'this ean be avoided by asphalting the ground 
in such a way that any acid running down 
cannot penetrate into the soil, and is conveyed 
to a safe distance Any damage done to the 
foundation, even if it amounts to much less 
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than would cause the erection to break down 
altogether, is extremely injurious, lieeauso it 
will almost unavoidably lead to the tower 
getting out of level, in which case the liquid will 
principally descend on the lower sido ; thus 
the nocessary distribution of the liquid is not 
attained, and the action of the condenser is 
most injuriously affected. 

It has been already stated that the feeding 
of the towers with water or with weak acid 
must take place in such manner as to distribute 
it equally over the whole surface of the coke. 
Formerly this was generally done by a distri- 
buting wheel (shown in Figs. 33 and 34) worked 
by the pressure of tho food water itsolf. Fig. 
33 ought to show two jets feeding the outer 
circle of holes. This causos tho stroam of water 
to reach successively every one of tho holes on 
the top of the condenser, and thus secures a 

top of the tower being at a mathematical* level. 

Recently most manufacturers have done 


away with these acid wheels, and have intro- 
duoed troughs provided with a number of over- 
flows all at the same level, feeding the same 
number of ‘ lutes.’ This arrangement is indi- 
cated on Fig. 31. This figure represents a tower 
built as Fig. 32, the cross-hatched outer portion 
representing the timber framework to support 
the feeding cistern. 

Another form of apparatus for dissolving 
the hydrochloric acid gas is tho Lunge Rohrmann 
plate tower, shown in Figs. 35, 36, and 37. 
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It consists of an earthenware tower packed 
with a series of perforated plates e> e, the per- 
forations being made to alternate in successive 
plates, so that each hole corresponds to a solid 
place in the plates just above and below. Figs 
36 and 37 show one of tho 'plates in detail. 
Ah is to bo expected, the evidence for and 
against the improved packings for the con- 
densing towers is very conflicting, and as the 



Fig. 36. Fio. '37. 


cost of them is naturally higher, the coke-packed 
tower has fully maintained its position. 

In France and Germany a somewhat different 
Hystom of cooling and condensation iB in general 
use. The earthen waro and glass pipes mentioned 
above os being used almost exclusively in this 
country for the cooling of the gases are more or 
1 less completely substituted by a series of 
oarthenware Woulffe’s bottles, known technically 
os bombonnes or touries (see Fig. 38). The 
figure is drawn too small to show that the 
vessel on the right is about 1 inch higher than 
tho vessel on the left ; tho liquids travel down 
hill from right to left, and consequently the 
gases are made to travel from left to right. 
The siz.e of the bombonnes varies from 40 to 100 
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gallons. They are arranged in sots of 40 up to 
100, as shown in Fig. 39, and, in spite of the 
relatively high temperature in tne leading 



bombonne, eventually gives a liquid aeid of 
1 -15— 1 *18 sp.gr. They are made of the best 
stoneware, which is able to stand somewhat 
violent changes of temporature A Hoi leaving 
the bom bonnes, the acid gases are imally 


sorubbed with water in a coke-packed tower, 
similar in design but usually much smaller than 
those used in this country. The weak liquid 
acid produced in this tower supplies the stream 
I of weak acid required by the bombonnos. The 
I figure does not Bhow the means of running off 
: the strong aoid from the lowost bombonnes in 
I tho series, nor the cistoms, &c., for receiving the 
l acid. 

In the condensation of hydrochloric acid 
gas in water with the apparatus at present used 
and described above, there is little reason for 
difficulty m avoiding losses of HC1 through in- 
complete absorption. The difficulty more onm- 
: lnonly experienced is to combine tho complete 
i absorption enforced by law with a high-strength 
j liquid acid. 

The impurities found in commercial hydro- 
' ohloiic iv id mado bv the above processes are, 

| chiefly, sulphuric acid, ferric chloride, arsenic 
j trichloride, and either free chlorine or sul- 
phurous acid. 

! (Sulphuric acid is tho largest impurity. Tho 
, hyelrochloi ic acid condensed from the pan or pot 
, gas is always much purer than that from the 
roaster gas. Tho quantity of sulphuric and in 
the gases from tho salt-cake furnace sometimes 
amounts to '2 p.c. and upwards; it is very 
troublesome m the Weldon, and fatal in the 
Deacon, chlorine process, and in some’ 1 other 
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applications of hydrochloric acid. The sul- denser or dry scrubber before condensation, 
phuric flftiid in the salt-cake furnace gasos can , A large number of suggestions have been made 
be removed to a large extent by a small eon- j for the purification of the salt-cake furnace. 
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gases, so as to render them suitable for the 
Deacon prooess, but the only one of these pro- 
cesses to achieve practical success is the Hasen- 
clovor process (Eng. Pat. 3393 of 1883). (See 
at end of Deacon Chlorine Process.) 

Arsenic gets mto the hydrochloric acid 
through the sulphuric acid employed in its 
manufacture ; the arsenic is thereby converted 
into AsCl a , and passes as such mto the conden- 
sing apparatus. Many plans have been pro- 
posed for its removal— most frequently a treat- 
ment with sulphuretted hydrogen or with 
sulphides. Bettondorf (Dingl. poly. J 194, 253) 
precipitates the arsenic from concentrated hydro- 
chloric acid by stannous chlondo, and then 
distils the decanted acid. Duflos dilutes the 
acid to sp.gr. 1 13, and digests it with stripH of 
sheet copper at 30°C. for 24 hours, and repeats 
this treatment with freshly scoured copper. 
This removes all the arsenic and the free 
chlorine, and reduces the ferric chloride to 
ferrous chloride, which remains behind on 
distillation. Beckurts ( Kischer's Jahresb 1884, 
348) distils hydrochlouc acid with ferrous 
chloride ar i removes the iirst 30 p c. containing 
all the arsenic. 

Selenium is sometimes found in such quan- 
tities in hydrochloric acid as to be troublesome 
in its application (Davis, J Soc Chem. Ind. 
1883, 157). , 7 

Htfdiurhlonc And Jam othn tSotnic* than the 
Leblanc Piocees Attempts have been made to 
produce hydrochloric acid fiom many sources, 
notably from the residual liquors of the ammonia- 
soda process. A number ol suggestions have 
been made for the direct production of HC1 : 
1st, from OaCI 2 ; 2nd, from MgCi a ; 3rd, from 
NB 4 C1. In tins connection eompato the 
references given for the production of chlorine 
from those bodies earlier in the article As far 
as is known, none of the processes is used. 
Mend (1883) heats the ammonium chloride with 
so much sulphuric acid that the acid sulphate 
is formed and all HC1 is expelled The acid 
sulphate is converted by means of ainmomacal 
vapours into the neutral salt of commerce. 
0. N. Witt (1880) expels the HOI from NH 4 C1 
by means of syrupy phosphoric acid, which 
forms ammonium phosphate On heating this 
at a higher temperatuie, the ammonia is driven 
out as well, and the phosphoric acid is re- 
generated. Junsch (Dingl. poly. J. 207, 431) 
has shown that this process is not practicable, 
because there is no material known which resists 
the fu sing phosphoric acid, and only 03 to 80 
p.o. of the NI1 3 is recovered. Mond passes the 
vapour of ammonium chloride over nickel 
oxide, heatod to at least 350°, which absorbs 
the RC1 and allows the NH a to pass on. After 
a certain time the process is changed by raising 
the temperature to 500° or 000° and decomposing 
the nickel chloride by steam, when 11C1 is 
driven off and NiO regenerated. (Several 
patents taken out in 1886.) 

During recent years, when tho chlorination 
of organic compounds has grown by vast 
strides, the hydrochloric acid gas produced 
when a hydrogen atom is substituted by a 
ohlorine atom, has had to be collected and 
utilised. These reactions are roferred to in a 
previous page when describing tho uses of 
phlorine. The hydrochloric acid gas is evolved 


almost pure, is easily condensed, and yields an 
acid quite free from the usual impurities. 

Hydrochloric acid haB also been produoed 
by passing chlorine over wood at a temperature 
of 150°-360°, whereby charcoal is also formed 
(Bosnian Electricity Works at Jacie, D. R. P. 
158086). 

Lastly, hydrochloric acid has been prepared 
by processes inverting the practices of the last 
hundred years, namely, it has been prepared 
from its elements as a direct and definite pro- 
cess without the formation of by-products, or 
for any other reasons than its own preparation 
and the utilisation of the two elements formed 
by the electrolysis of potassium and sodium 
chlorides. The gases are mixed and passed 
over charcoal (1> R. P. 114219), or they are 
burnt together at jets (Hoc. Italiana di Elettro- 
chimica; J. Soc. Chem Ind. 1915, 1142), or 
they are combined together by Roberts’ patent 
(Electrochemical and Metallurgical Industry, 
1910, 704), and by this last process the acid has 
been manufactured m Niagara since 1914. 

The cuncn/ance of hydrochloric acid mostly 
takes plaeo in glass carboys of 10 or 12 gallons 
capacity with basket or wire hampers, sometimes 
m earthenware carboys of the same size, and 
recently hard white vitrefiod oarthenware jars 
have become available. At a largo French 
works, some years ago, tank waggons were used, 
carrying iron cylinders lined with ebonite. 

Tank waggons have of laio years come into 
general use, especially on the Continent. They 
consist of a waggon platform, carrying a number 
of skmowaro jars of about l*ton capacity each 
jar. Fig. 40 shows such a waggon carrying 12 
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jars, each of which holds 1 ton of acid. Specially 
prejiarod wooden tanks are also used occasionally. 

The applications of hydrochloric acid solu- 
tion are, first and foremost, for producing 
chlorine by the Weldon process ; for the 
cleaning of thin sheet iron when the same is 
to be coated with zme, tin, or lead ; for extract- 
ing the phosphates from bones and from bone 
char — for which purposes it must be quite free 
from sulphuric acid ; for preparing zinc chloride, 
and zinc ammonium chloride from the residual 
‘ flux shimmings ’ of galvanising works ; for 
souring goods during the process of bleaching ; 
for neutralising the alkaline melts in the manu- 
facture of alizarin, resorcin, &c. ; for the 
J manufacture of aniline hydrochloride, stannous 
chloride, ferric chloride ; for the preparation of 
pure carbonic acid from limestone ; in dyeing 
and tisBuo printing ; and in the manufacture of 
many coal tar colours and intermediates, &c. 

H. B. 

w-CHLORO ACETOPHENONE v. Ketones. 

CHLOROBENZALDEHYDE v. Benzaldh* 

HYDE. 
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CHLOROBENZENE v. Phenyl. 
5-CHLOROBENZENEDISULPHONIC ACID 

C fl H 5 Cl(S0 3 ) 2 H,. Formed by heating at 300° 
chlorobenzene with live times its volumo of 
fuming sulphuric acid containing 20 p.c. of 
sulphur trioxide. Forms barium, potassium and 
ammonium salts, a dichloride, m.p. 105 G o -106 o 
and a diamide, m.p. 223°- 224°. The chchloride 
heatod under pressure at 200°-210° with phos- 
phorus pcntachlorido yields 5-trichloroben/.ene 
(Olivier, Roe. trav. clum. 1918, 37, 307). 

p-CHLOROBENZENE DIAZOCYANIDES v. 

Diazo- compounds. 

CHLOROBROM. Trade name for a mixture 
of equal parts of potassium bromide and chloral 
formamido dissolved in water. 

CHLOROFORM, TnchlorometJianc CHC1, 
Chloroform was discovered by Liebig in 1831 
(Pogg. Aim. 23, 242), and independently, about 
the same time, by Soubeiran (Ann. Chun Phys 
[2] 48, 131). Its actual composition was first 
determined by Dumas (Ann Chun Pliys. [2| 
56, 115) to whom is also due the name by which 
it is now known. Chloroform is largely em- 
ployed as an amcsthetic and is an important 
solvent, finding technical application m the 
manufacture of fats, rubber, resins, alkaloids, 
&c. it is also a useful antiseptic 

Formation. — 1. By the action of alkalis on 
chloral (Liebig, Pogg. Ann 23, 442 , Annalcii, 1, 
199; 162, 161) 

CCI3CHO + Ntftj H =CH Cl 3 + H C( )( )Na 

2. By tho action of water, ammonia, or 
alkalis on trichloracetic acid (Dumas, Annalen, 
32, 101 ; Beckurts and Otto, Ber 14, 589) 

CCI 3 CO()H+ H‘OH --CHC1, pco^-f H z (> 

3. By the action of bleaching powder 
(chlorine) on ethyl alcohol or acetone, in the 
case of alcohol tho reaction has been represented 
by the following equations : 

(a) CH 3 CH,()H fCaOCL 

— CH ,CHO -f- II .,() 1 Cat 51., 
(ft) 2CH a CHU+3CaOCL 

I- 2CCl 3 CHO+3Ca(OH) !i 
(c) 2tlCl J CHO+Ca(OH)> 

=2CHCl a + (H COO) a Ca 
According to Dott (J. Hoc Cliem Ind. 27, 
271), however, the reaction is best indicated by 
the equation 
3C«H 6 ()H-|-8Ca()Cl., 

=2CIICl 3 + 3CaC0 3 d CO, \ II ,0+5CaCl, 
no appreciable amount of calcium formats being 
found in tho products of reaction. 

According to Foyer (Zeitsch. Elektrochom. 
1919, 25, 116), the formation of chloroform from 
alcohol occurs in threo stages : first, an oxidation 
of the alcohol to aldehyde ; secondly, a forma- 
tion of hypochlorite ; and thirdly, an interaction 
between the aldehyde and the liypochlonto : 

(i) CHg'CHjj-OH-f HOC1 

=CH n -CHO + il 2 ()+HCl;' 

(ii) OH'+Cl^K'+Cl'+ClO'; 

(iii) CH a -CHO-f 3HOC1 

=CHCI 3 + H(TUJ+2H,,0; 

(iv) H ’C0 2 H -f HOC1 = C0 2 -f H a O i 1101. 
Equation (i) is partly replaced by the 

reaction * 

CH 3 *CH 2 '0H + O=CH 3 -CHO + H 2 O 
In the case of acetone the reaction may be 


expressed thus (Omdoff and Jessel, Amer. Chem. 
J. 10, 363) : 

2CO(CH 3 ) j, -f 6CaOCl 2 

=2CHCl 3 4-2Ca(OH) 8 -f 30aCl 2 -f (CH 3 COO) 2 C’a 
Dott ( loc . ctl.), however, prefers the equation 
2CU(ClI 3 ) 2 + 8CaOCl.) 

-2PliPl 3 -f(CH 3 COO) 2 Ca-f2Pa(OH) a 
which agrees better w^th the results of experi- 
ment. According to Ukita (J. Cliem. Ind. Tokyo, 

1918, 21, 219) better yields are obtained by 
passing < hlonne into ethyl alcohol until a liquid 
of D= 1-299 is obtained. Tins is then added to 
a solution of bleaching powder and lime and 
distilled. 

Chloroform is also produced from acetic 
acid (Liebig), acetophenone (Orndofl and 
Jessel, loc at ), acetaldehyde turpentine, and 
terpenes ((’hautard, Jahresb 185], 501) by the 
action of bleaching powder or chlorine. ^ 1. also 
Brit Pat 1.6094,1917 ) 

4 By reactions similar to the foregoing 
chloroform is also produced by the electrolysis 
of the chlorides of alkali or alkali earths in 
presence of alcohol, acetone, &c (Ber. J884, 
17, lief. 624; sw aluo Wasor (them. Zentr. 
1910, 1, 1122), Foyer, Zcitsch. ElektiocJiem. 

1919, 25, 1 15) 

5. By the reduction of carbon tetrachloride 
(Clouthcr, Annalen, 107, 2J2; v. also Cliem. Rev. 
1896, 88; US. Pat. 753325 (1904) and Eng. 
Pat. 13733 (1901)). 

6. Ry the action of chlorine 111 sunlight on 
methyl chloride (Regnault, Annalen, 33, 328). 

7 From iodoform by the action of plios- 
plioius pentachloride ((lautier, Bull. Soc. Clum. 
[2] 13, 127). 

Manufacture . — Chloroform was originally 
almost wholly manufactured from ethyl alcohol 
or methylated spirit Bmifieation of chloroform 
prepared from the latter presents rather more 
j difhculty, but when pioperly carried out pure 
I chloroform is obtained. 

j Of late years chloroform has been made for 
j the most part from acetone, and although for 
! some time a prejudice existed against the 
employment of cldorofonn made from this 
source for amcsthetic purposes, it is now recog- 
nised that tho product when properly prepared 
is in every respect equal to that obtained from 
I alcohol. 

Chloroform has been manufactured success- 
fully in Amorica for some yoars past from 
! carbon tetraehlorido by reduction with nascent 
I hydrogen. This is most efficiently brought 
about by mechanically agitating a mixture of 
I the tetrachloride and finely divided iron in water, 

, a trace of acid being added to initiate tho re- 
action (Smith, U.S. Pat. 753325 (1904); see 
lalwU.S. Pat. 1101025, 1914). 

Attempts have also been made to manufac- 
I turo chloroform by chlorination of the ‘ natural 
i gaH ’ (methane) produced m enormous quantities 
111 tho United States, but so far these attempts 
have not met with any measure of success. 

Electrolytic processes for the production of 
chloroform from alcohol and acetone have 
formed tho subject of a number of patents, 
but the commercial results do not seem to have 
been so successful as the original experimental 
work promised, and very little chloroform has 
, been made by this moans (Schering, D. R, P. 
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29771 (1884), v. aluoZ ambelliti, L’Ettricita, 1899, 
8, 604 ; Teeple, J. Amer. Chem. 8oc. 26, 636 ; 
and Wftser (Chem. Zentr. 1910, 1, 1122). 

Manufacture of Chloroform from Acetone and 
Bleaching -powder . — This is the process most 
generally employed. The method differs in 
minor details with the various manufacturers, 
but the following may bo taken as representu- , 


tive. The reaction is carried out in a cast-iron 
still of about 800 gallons capacity, which is 
provided with stirring gear, steam and cooling 
coils, and is connected with a condenser. Three 
hundred gallons of water arc run into the still, 
and 800 lbs. of bleaching powder are added 
through a manhole, which is then Becurely 
bolted down. During addition of the bleaching 



powder the mixture is very thoroughly stirred. ; effected if necessary by stopping the flow, of 
(In some processes the mixing is carried out m acetono and circulating cold water through the 
a separate vessel, and the suspension is strained cooling coil in the still. When all the acetone 
from the larger unbroken lumps of bleaching has boon introduced the contests of the still 
powder before being allowod to run into tho are raised to 134°F. At this temperature 
still ) Tho container (a in the diagram shown) chloroform begins to distil over. The tempera* 
is charged with 70 lbs. of acetone, which is then ture is then very gradually raised to 150F., 
slowly run into the bottom of the still by means so as to koep the chloroform steadily distilling, 
of the valve B. The introduction of the acetone Towards the end of the reaction the mixture ib 
is accompanied by a rise of temperature which stirred and tho temperature raised until no 
is not allowed to exceed 110°E., cooling being more chloroform distils over. 





The crude chloroform obtained is separated 
and purified first by agitation with concentrated 
sulphuric acid. This operation is carried out 
in the vessel shown in the diagram ; 1500 lbs. 
of crude chloroform aro introduced into the 
vessel and thoroughly stirred by means of the 
agitating gear shown, with 000 lbs. of sulphuric 
acid. Tho stirring is continued until a sample 
of the chloroform, when thoroughly shaken 
with pure concentrated sulphuric acid, does not 
impart tho slightest colour to the latter. The 
time required for complete purification is usually 
about 3 hours. The chloroform is next separated 
from the sulphuric acid and finally distilled over 
lime. 

The yield obtained from the abovo quantities 
averaged from over two thousand batches was 
124 lbs., tho highest yield in any one case being 
131 lbs. Vanation in yield is attributed to the 
varying composition of the bleaching powder, 
though doubtless other factors influence tho 
result. Bleaching powder containing less than 
33 p.c. of available chlorine gives unsatisfactory 
results, whilo samples containing moro than 
35 p.c. of chlorine aro also often unsatisfactory. 
The best results appear to be obtained with 
bleaching powder containing about 34 p.c. of 
available chlorine. 

Manufacture of Chlot oj'orm from Alcohol . — 
This is carried out in the same plant as that used 
for the manufacture of chloroform from acetone. 
A mixture of alcohol (150 lbs.) and water (3000 
lbs.) is introduced into the still, bloachmg 
powder (750 lbs.) added, and tho contents of 
tho still gently heated by means of the steam 
coil. Chloroform begins to distil over at a 
temperature of about 140°-145°F. Further 
heating is then discontinued, the chloroform dis- 
tilling off by reason of the heat generated during 
tho reaction. When tho distillation begins to 
slacken tho heating is resumed until at a tem- 
perature of 155°F. the distillate consists of a 
mixture of alcohol and wator. This mixture, 
which contains rather more than half the 
original alcohol, is used in making up the next 
batch, sufficient fresh alcohol being added to 
make up the required 150 lbs. The yield of 
erude chloroform from each working is about 
75 lbs. Purification is effected as described 
above. 

Chloroform has also been manufactured by 
special processes for the purpose of producing 
directly chloroform sufficiently pure for anes- 
thetic purposes. Of these the most important 
are the following : — 

1. Chloroform from Chloral . — It was found 
by Liebig, the discoverer of both compounds, 
that chloroform could be obtained from chloral 
by distillation with alkalis, and subsequent 
washing and drying, and tins process has beon 
utilised for the manufacture of chloroform. 
Upon the same reactions has boen based a patent 
(Liebreich, Eng. Pat. 15930, L>. ft. P. 176063, 
1904), whereby a dry mixture of chloral hydratd 
and alkali can. be prepared and compressed, 
from this product chloroform may be prepared 
by treatment with water. Chloroform obtained 
from chloral is of a high degree of purity. Like 
all other brands of chloroform it must, however, 
be preserved by the addition of a small amount 
of alcohol. 

2. Chloroform Pictet . — This product is ob- 


tained by fractionally crystallising commercial 
chloroform. The crude chloroform is cooled 
to —80°, and the solid impurities aro filtered off. 
The filtrate is then cooled to —82°, and the 
liquid portion is drained off. The crystallised 
chloroform is then distilled at a very low tem- 
perature, and the middle fraction amounting to 
about 80 p.c. is collected as chemically pure 
chloroform (Pictet, Compt. rend. 114, 1245; 
French Pat.. 215911, 1891 ; U.S. Pat. 489592, 
1893). It was originally claimed that the 
‘ pure ’ chloroform obtained by this means was 
stable in the presence of light, and from this 
Sehact & Bilz (J. Soc. Chem. Ind. 1893, 12, 
543) deduced that it contained a small amount 
of alcohol which was subsequently shown to be 
the case. 

3. Chloroform Anschutz (‘Salicylid chloro- 
form ’).— Anschutz (Annalon, 273, [1] 94) ob- 
served that chloroform combined to form well 
crystalline compounds with tho lacuda con- 
densation products obtained from o-phenol 
carbonic acids. These compounds break up on 
gentle heating, giving pure chloroform. The 
compound usually employed in the process is 

tetrasalicylide m.p. 261°-262' > , 

obtained by tho action of phosphoryl chloride on 
salicylic acid. This combines with 3 molecules 
of chloroform winch aro given up on warming. 
The recovered salieyhde can be employed 
again The product obtained by tins process 
li.ts been extensively used in Russia. 

Properties . — Chloroform is a heavy colourless 
liquid having a sweet taste and a pleasant 
ethereal odour. It is not inflammable, but 
when diluted with alcohol may bo made to bum 
and gives a smoky greenish flame. Jt is very 
slightly soluble in water (1 part in 200), but 
miscible with most organic solvents. 

According to the most accurate determina- 
tions pure chloroform lias sp gr. 1 52637 at 0°/4° 
(Thorpe, Trans Chem Soc. 37, 196), 1*52657 
(Timmermans, Bull. Soc bolg. chirn. 24 , 244), 
or 1*4989 at ]5°/4" (Baskervillo and Hamor, J. 
Ind. and Engin. Chem. 1912, 278). According 
to the same authors tho boiling-point is 61*2° 
(see also Wado and Finnomoie, Trans, Chem. 
Soc, 1904, 85, 946). Chloroform meltB at 
—83° (Pictet.). Its critical temperature is 
262*9°, and critical pressure 53 *8 atrnos. (Kuencn 
& Robson). 

Reactions and detection of Chloroform . — The 
most important reaction of chloroform is tho 
formation of an isooyanide from any primary 
amine whon the latter is heated in presence of 
chloroform and alcoholic potassium hydroxide 
solution 

OHC1 3 +R*NH,+3KOH-R*NC+3KC1+3H 2 U 

In practice aniline is usually employed as the 
reacting amine and the characteristic odour of 
phenyhsocyanide is readily recognised. In 
this way one part of chloroform' in 5000-6000 
parts of alcohol can be detected. The reaction/ 
is also given, however, by bromoform, iodoform, 
chloral, trichloracetic acid, &c. ; but not by 
ethylidene chloride. Chloroform readily reduces 
Fehling’s solution and the reaction* has been„ 
used as an indirect method of estimation. 

A mixture of chloroform vapour and hydro- 
gen when passed through a red hot tube yields* 
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, ( hydroohlorio acid. This reaction also may be 
'Wployed for the detection and estimation of 
chloroform in blood or other (non-ehlorinated) 
liquids (Allen, Comm. Org. Anlysis, vol. i. p. 
275). a or 0 naphthol dissolved in concentrated 
potassium hydroxide solution When heated with 
a little chloroform give a blue colour which 
gradually becomes green and finally brown in 
contact with air. 

Anaesthetic, Chloroform . — The use of chloroform 
as an anaesthetic was first advocated by Simpson 
in 1848 (Edin. Monthly J. Med. Sc. 8, 415), and 
it is now used in very large quantities for this 
purpose alono. Croat care is necessary in its 
production for this purpose, since the presence 
of Hmall amounts of impurities have a deleterious 
and often dangerous influence, and many cases 
of death under chloroform have been attributed 
to the omploymont of impure anesthetic. As 
the result of a considerable amount of investi- 
gation, it fcaa now boon shown fairly conclusively 
that pure chloroform under the influence of 
light, air, and moisture decomposes, more or 
less rapidly according to the conditions pre- 
vailing, and that the products of decomposition 
aro carbony 1 chloride and hydrochloric acid, a 
reaction which may be represented thus: 

CIIC1, | H,()+O a =C()CJ,+ HCH-H,O a 
( JH01 3 | H 2 ()^-( 1001 2 + H Cl + H * 0 

It was very early noticed that the tendency of 
chloroform to decompose was more marked 
with samples which showed a high specific 
gravity (1 ‘497 to 1 \50) than with those of lower 
density, and the greatei stability of the latter 
was attributed to the presence m them of small 
amounts of alcohol. It had earlier been sug- | 
geatod by Squibb (Amor. Mod. Monthly, July, 
1857), that the best means of preserving chloro- 
form was tho addition of a small amount of 
alcohol. This practice has since then been 
recognised as sound in principle and the addition 
of alcohol in amounts varying from ()•(> to 1 •() 
p.c. by volume is allowed by most of the pharma- 
copoeias. Tho British Pharmacopoeia (1914) 
does not specify tho amount of alcohol permis- 
sible, but defines the density at l 483 to P487. 

Considerable diversity of opinion has been 
expressed with regard to the role played by 
alcohol in ^preventing tho decomposition of 
chloroform, but it now appears to he fairly well 
established that it acts by reason of its property 
as a reducing agent, oxidation of alcohol taking 
place in preference to that of chloroform. At 
the same time the products of oxidation appear 
to exert a retarding action which eventually 
reaches a maximum. When chloroform is 
.preserved with alcohol tho decomposition of the 
chloroform is entirely prevented until all the 
alcohol is oxidised, when decomposition of tho 
chloroform immediately commences. When 
properly stored and packed so that the action 
of light and air is rodueod to a minimum, 
chloroform containing from O G to 1 p.c. by 
vdlume of alcohol will keep for years (Sehact 
and Bibs, Pharm. J. 1893, 1005). The theory 
of tho action of alcohol outlined above is due to 
, Raskerville and Hamor (J. Ind. and Chem. Eng. 
1912, 368, &c.), whose admirable series of 
papers form the most complete and recent 
aooount of the subject of this article. Their 
theory is supported by the fact that a largo 
Vol. II.— T. 


number of organic substances soluble in chloro- 
form will inhibit the decomposition of the lattei 
by light and air, and that all such compounds 
are reducing substances and act solely on 
account of their capacity for oxidation. That 
such compounds are not used in practice is 
merely on account of the special suitability of 
alcohol for the purpose. 

Tho various pharmacopoeias also insist on 
certain tests for the absence of impurities, other 
than alcohol, which might possibly be present in 
chloroform through careless manufacture or 
storage. The details of the tests vary in 
different countries, but may be generally 
indicated as follows . — 

(1) The (xlvur test . — This is usually carried 
out by evaporating a quantity of chloroform 
(10-50 c.c.) to small bulk, and then allowing 
the residue to evaporate on a piece of filter paper. 
At no stage of tho evaporation should there bo 
any appreciable foreign odour, e.g. of fusel oil, 
higher alcohols, or chlorinated derivatives of 
alcohol or acetone. 

(2) Residue.- — There should be no weighable 
residue after evaporation of 50 to 100 c.c. of 
chloroform. 

(3) Sulphuric and test. — This consists in 
shaking chloroform (usually 20 co.) with pure 
concentrated sulphuric acid (usually 15 c.c.) 
for a short tune and then allowing the mixture 
to stand. The two layers are required to remain . 
colourless or practically so over a period of time 
which vanes with the diflerent pharmacopoeias. 
The object of the test is to detect the presence 
of organic impurities which should have been 
removed in the process of manufacture. 

A more delicate variation of this test has 
boon suggested by Langgaard (Thorap. Monatsh. 
May, 11)02). Concentrated sulphunc acid and 
chloroform are mixed in the proportions required 
by the German Pharmacopoeia and then four or 
five drops of formalin (40 p.c. solution) added 
and the mixturo well shaken. No coloration 
should develop on standing. The German 
Pharmacopoeia roquiros the solution to remain 
colourless for forty-eight hours. According to 
Buddo (Voroffontlich ungen aus dom Gobioto des 
Mill tar-Sani tats wesens, 1913, 6, 113), however, 
the sensitiveness of tho reaction increases with 
the amount of alcohol present. 

(4) Acifhty . — Water shaken with chloroform 
and separated should remain neutral to litmus. 

(5) Chlorine . — Tho aqueous layer after shak- 
ing chloroform with water should give no reaction 
when shaken with a 19 p.c. solution of cadmium 
iodide and a few drops of starch solution. 

(6) Hydrochloric acid . — The aqueous layer 
obtained as above should not give more than a 
very slight opalesconco with a solution of silver 
nitrate. (Cf. Analyst, 1919, 407.) 

(7) Decomposition products . — Two c.c. of the 
sulphunc acid solution obtained as in test (3) 
when diluted with 5 c.c. of water should remain 
nftarly colourless and have no unpleasant odour. 
When further diluted with 10 c.q. of water tho 
solution should remain colourless and on addition 
of a little silver nitrate should not give more 
than a slightly diminished transparency. 

For the lost three tests Budde {loc. cit) 

S oses to substitute ono, namely, a reaotion 
benzidine, which it is claimed is simpler 
and at tho same time more sensitive. A little 
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pure benzidine' is dissolved in about 10 e.c. of 
chloroform. The solution should remain per 
fectly bright when kept in the dark, out of contact 
with air for 24 hours. In the presence of 
ohlorinated products or of carbonyl chloride an 
opalesconoe or flocculent precipitate is produced. 
Jr chloral is present, a faint red coloration de vel< >ps 
at first and changes to bluish-red after a time 

Other possible Constituents of Anaesthetic 
Chloroform . 

Ethyl chloride . — Chloroform manufactured 
from alcohol was at one time considered, for 
anivsthotic purposes, superior to that obtained 
from acetone. Wade and Fmnomore (1904, 85, 
938) showed that chloroform prepared from 
alcohol contained a small quantity (approx. 
0 ‘05 p.c.) of ethyl chloride, and to this they 
attributed its superior qualities According to 
them pure chloroform prepared from acetone, 
and to which a small proportion of ethyl chloride 
was added, was alone clinically equal to that 
obtained from alcohol. Haskerville and llamor 
(lor. cit. p. 574), however, state that American 
anesthetists have found chloroform from acetone 
whon properly purified to be fully as reliable as 
chloroform from alcohol They therefore look 
upon ethyl chloride as an impurity of amesthetic 
chloroform which although perhaps not objection- 
able, has no special value. Since the boiling-point 
• of chloroform is lowered to the extent of about 2° 
by the presence of 0 1 p e. of ethyl chloride 
(Wado k Finnemore, loc. at.) its presence is 
easily dotocted by fractionation. 

Acetaldehyde . — For the detection of this 
impurity in chloroform Haskerville and llamor 
suggest the following : 10 c e of chloroform 

are shaken with 5 drops of Nessler’s solution 
U.S.P. and allowed to stand for five minutes 
Anaesthetic chloroform should show no preeipitato 
or colouration under these conditions. 

For the detection of acetaldehyde chloroform 
is in practice often tested by allowing to stand 
over solid KOH. For this purpose the KOH 
should contain at least 80 p.c. KOH and be free 
from water, otherwise oxidation of alcohol may 
take place and a positive reaction be obtained. 

Acetone . — Anaesthetic chloroform should give 
a negative result when tested as follows. To 
10 c.o. of chloroform are added 5 drops of 
0*5 p.c. solution of sodium nitroprusside and 
2 c.o. of ammonia (1)= 0*925) and the mixture 
allowed to s^ind for five minutes in the cold. 
If acetone is present to the extent of 0*2 p.c. an 
amethyst colour is produced. By saturating 
the mixture with ammonium sulphate the colour 
is produced in the presence of 0*1 p.c. of acotone. 

Carbonyl chloride, which is only likely to be 
present in badly preserved or stored anaesthetic 
chloroform, may often be detected by its nauseous 
odour. The following tost is also quite satis- 
factory. To 15 c.c. of chloroform in a dry 
glass -stoppered cylinder of 25 c.c. capacity is 
added sufficient clear solution of barium hydrox- 
ide (0*6 p.c.) to completely fill the tube, which 
is then kept in the dark for 3 hours. Tn the 
presence of carbonyl chloride a film of barium car- 
bonate is produced at the junction of the liquids. 

Carbonyl chloride is also readily detected by 
the benzidine test (Budde, loc. cit.), which gives 
a positive reaction with one part in twenty 
thousand ( 1 -. 20,000). 


The impurities of commercial chloroform may 
include chloral alcoholate and similar chloral com ■ 
pounds. Those may be estimated by treating the 
chloroform with N/10 alkali and titrating the 
excess. Pure chloroform is not affected by alkali 
of this strength. Aldehydio and similar com- 
pounds arc detected by means of Nessler’s reagent, 
which gives with impure chloroform a red-brown 
deposit readily ch anging to greenish black. Pure 
chloroform gives no such reaction (Enz. Apoth. 
Zoit. 1913, 28, 072; Analyst. 1913, 497). 

Chloroform is comparatively unstable under 
the influence of ultra-violet radiation (Kailaii, 
Monatsh. 1917, 38, 537). 

Detection and Estimation of Alcohol in 
Chloroform . — For the defection of alcohol in 
chloroform the iodoform reaction provides a 
very delicate test which, however, iH not specific. 
It is best carried out by shaking the chloroform 
with sulphuric acid, separating and diluting the 
sulphuric acid layer This is then distilled and 
the reaction carried out on the first portions of 
the distillate. To JO c* c of the distillate fl drops 
of a 10 pc. solution of potassium hydroxide is 
added, the mixture warmed to about 50°, and 
then drop by drop a solution of iodine in potas- 
sium iodide until a brown colour is produced. 
The solution is then carefully decolourised by 
addition of potassium hydroxide. On standing 
crystals of iodoform separate 

For the estimation of alcohol the density of 
the chloroform forms an approximate guide 
provided the chloroform is otherwise pure, but 
for moro exact determinations the method of 
Nicloux (Hull Noe chim (3] 35, 330, 1900) as 
modified by Behai and Francois (.1. Pharm. Ohim. 
|0| 5, 417) is l'ocom men (led The alcohol is 
removed from the chloroform by agitation with 
sulphuric acid, tlio latter is diluted and gently 
distilled The distillate is boiled with sulphuric 
acid and potassium dichromato solution con- 
taining Jfl *97 grams per litre is added until a 
green (not greomsh yellow) tint is obtained. 
Each 2 co. of solution equals 0*01 gram, of 
absolute alcohol. If the solution contains more 
than 2 p e of alcohol it. must be diluted and the 
estimation repeated A similar modification harf 
been suggested by Budde (loc. cit.). A. J. E. 

1 CHL0R0 8 - NAPHTHOL -3:5- DISUL - 
PHONIC ACID 

01 OH 

so 3 h\X/so,h 

is prepared by dissolving l-amino-8-naphthol- 
3 : (i-disulphoruc acid in a cooled solution of 
sodium carbonate, carefully acidifying with, 
hydrochloric acid and diazotising with the 
theoretical amount of sodium nitrite. The 
separated diazo-compound ift warmed with 
hydrochloric acid and cuprous chloride, the 
copper removed by sulphuretted hydrogen, and 
the filtered solution saturated with common 
salt when the acid sodium salt of the chloro- 
acid is precipitated (Cassella & Co., D. R. P. 
79055). The chloro-aoid is also formed by 
treating 1 : 8-naphthylene-diamine-3 ; 6-disul- 
phonio acid with sodium nitrite in acid solution 
and acting on the azimino-compound with copper 
paste (Badische Anilin und Soda Fabrik, D. R. P. 
147852). 
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CHLOROPHENINE ORANGE v. Azo- 
colouring MATTERS. 

CHLOROPHENINE YELLOW v. Primuline 

AND ITS DERIVATIVES. 

CHLORORUBINE v. Madder. 

CHLOROXYLONINE C aa H a3 0 7 N, an alkaloid 
occurring in East Indian satinwood ( Ghloroxylon 
Swietenia (DC.)). It crystallises from aloohol in 
oolourless prisms, m.p. 182°-183°, fa]l 8 — 9° 18', 
in chloroform, is soluble in excess of ammonia 
solution, and is neutral to litmus. The salts are 
crystalline and dissociate in water ; aurichloride 
B'HC1 A.uC 1 3 groups of reddish-yellow noodles, 
m.p. 70°. Chloroxylonine contains four *()Me 
but no hydroxyl groups (Auld, Chem. Soo. 
Trans. 1909, 95, 904). It produces derma- 
titis when applied to the skin and is the cause 
of the dermatitis sometimes experienced by 
satinwood workers (Cash, Brit. Med. .T. 1911, 
Oct. 7 ; and Bull. Imp. Inst. 191 1, 9, 351). 

CHLORPICRIN ( inchlorondromethanc ) CClj- 
N0 2 is pa »pared by distilling nitrocompounds 
(in particular, picric acid) with blcaclung-powdor 
solutions (Stonhouso, Ann. 184S, 00, 241), by j 
long heating of chloroform with fuming nitric | 
acid (Mills, Ann. 1871, 100, 117), or by the , 
aot-ion of chlorine on mtramhc acid (Levy, 
Jodlioka, Ann. 1888, 249, 80). 

In Hofmann’s method of preparation 45 parts , 
of fresh bleaching powder are made into a paste | 
with water and mixed with a saturated solution , 
of 4’5 parts of picric acid in water at 30". As soon ■ 
as the very violent reaction is finished, the chloro- I 
picrin is distillod over (Ann. 1800, 139, 111). j 

Olilorpicrin is a mobile liquid which boils at ] 
111 , 9°C. and possesses a specific gravity 1 419225 
(0/4°) Thorpe. On boating it slightly dec imposes 
into carbonyl chloride and mtrosyl ehlomle 
(Clg’NOjj --C00L + NOC1) (Gardner and Fox, I 
Chem. Soc. Trans. 1919, 1188). On strong cool- j 
ing it solidifies and then melts at — 09*2°C. Its j 
vapour acts as a strong irritant to the eyes and 
mucous membrane. For thermal expansion, nee 
Thorpo, Chem. Soo. Trans. 1880, 37, 198. On 
reduction with iron and acetic acid it yields 
methylamine. A similar bromo-nitro-mothano is 
known. It melts at 1()°0., boils at 127° (118 
mm.), and is converted by the action of potassium 
cyanido in cold alcoholic solution into tho 
dipotassium salt of 1 l *2 *2 * tetramtroethano 
(Scholl, Ber. 1898, 31, 042; ibid. 1902, 35, 4292). 

CHLORYL. Syn. for ethyl chloride used as 
an anaesthetic. 

CHOCOLATE is a mixture of cacao paste 
with sugar and flavouring matter. Tho paste 
is prepared from fermented cacao beans (the 
unfermented kinds being unsuitable for choco- 
late making) in tho manner described under 
Cocoa. The sugar, which constitutes 50 p.c. or 
more of tho mixture, consists usually of white 
crystals (although the lower-grade coloured 
sugars may be used for the cheaper chocolates), 

S id to the finest powder and completely 
before admixture with the cacao paste. 
The most commol flavouring substance is 
vanilla, but other spices, as cardamoms, cinna- 
mon, oloves, mace, and nutmeg, or the essential 
oils extracted from them, also artificial flavour- 
ings such as vanillin, are frequently employed. 
Peru balsam and gum benzoin are sometimes 
used for a similar purpose. The flavourings are 


introduced either in alooholio solution or incor- 
porated with' sugar moistened with a little oil. 

It is essential that during admixture the paste 
should be kept in a liquid condition, and to this end 
tho mixing machines are heated to a temperature 
slightly above the melting-point of cacao butter, 
say from 35° to 40°, and the added sugar may be 
previously warmed with advantage to obviate a 
fall in temperaturo of the liquid cacao paste. 

Tho various characters of French, Spanish, 
Swiss, and other chocolates depend upon the 
nature and proportions of the different ingre- 
dients used. A number of recipes for tho 
preparation of some of tho principal typos of 
chocolate are given in Zipperer, 156. 

In addition to sugar, various farinaooous 
J substances are frequently employed in the 
cheaper forms of chocolate, as wheat and potato 
flour, rice, arrowroot and dextrin, and occa- 
sionally barley, oats, rye, and chestnut flour. 
In special cases where sugar is inadmissible, os 
in chocolate intended for use by diabetic sub- 
jects, the sugar is replaced by saccharin {q.v.). 
It is then usual, m order to give the necessary 
‘ body ’ to tho chocolate, to add some form of 
meal or flour (preferably leguminous ) ; and pea, 
bean, or linseed meal are preferred for this 
purpose. Nut chocolate is made by adding nuts, 
either ground or whole, to tho chocolate paste ; 
and rn.dk chocolate by incorporating with it 
‘ milk powder,’ i.c. milk deprived of its moisture 
and fat. The usual composition of milk choco- 
late, by the best makers, is approximately 10 p.c. 
cacao, 25 p.c cacao butter, 40 p.c. sugar, anti 25 
p.c. dried milk. Tho above-mentioned forms of 
chocolate, after being ground into a more or less 
homogeneous mass, are placed in moulds to form 
bars, blocks, eakos, and numerous fancy shapes. 

An immense variety of fancy preparations of 
chocolate consist, however, merely of a chocolate 
envelope containing other substances, as biscuits, 
creams, dried fruits, nuts, fruit jelly, liqueurs, 
&c., and in some cases, medicinal preparations, 
as chocolate-coated pills. The most important of 
| these fancy preparations are the chocolate creams. 

The so-callod ‘ cream ’ is made either from 
: powdered loaf sugar heated until it melts, or a 
mixture of this with glucose, with or without 
various colouring and flavouring materials. 
While in a liquid state, it is poured into moulds 
of the desired shape, mado in starch flour on a 
table, which can be kept cool and whioh can be 
agitated by mechanical means. On cooling, the 
ereams so tf into a stiff granular mass, whfln they 
are either dipped into a liquid chocolate paste, 
or the latter is poured over them by hand and 
spread uniformly by moans of the rocking table. 
The process of covering, as well as most of the 
other processes in the manufacture of chocolate, 
are now generally effected by means of ingenious 
and complicated machinery. 

An extra amount (about 15 p.c.) of cocao butter 
(ow substitute) is added to the chocolate intended 
for covering purposes, to keep tli/e latter in a 
sufficiently plastic condition during the process of 
cooling and to give smoothness do the finished 
article. The latter, whether in the form of plain 
chocolate or chocolate confections, should be 
quiokly cooled, and attention to temperature is 
important throughout all the various operations. 

The adulterants commonly used in chocolate 
are similar to those mentioned under Cocofc. 
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the most important being the replacement of the 
cacao butter by othor fats and oils (as coco-nut 
fat, illip6 butter, &c.), the addition of various 
farinaceous substances, including dextrin, and the 
admixture of finely ground cocoa shells. (Zip- 
perer. Die Shokoladen Fabrikationen ; Villiors 
ot Collin, Trait-6 des Substances Ahmentaires.) 

J. C. 

CHOCOLATE FATS. Under this name, the 
writer comprises those vegetable fats which are 
used in the manufacture of chocolate as cacao 
butter substitutes. The natural chocolate fat 
is cacao butter, and best chocolates contain 
cacao buttor only. ‘ ('heap ’ chocolates are 
made, to a larger or smaller extent, if not 
entirely, with substitutes At first, animal fats 
were used, but as they impart an unpleasant 
flavour (‘animal flavour ') to the chocolate, at 
prosent fats of vegetable origin only are employed, 
such as coco-nut stcarine and palm-nut steanne. 
During recent years, attempts have been made 
to produco chocolate fats from .Borneo tallow, 
dika fat, and similar vegetable fats. J. L. 

CHOLEIC ACID ? . On ouo Acid. 

CHOLESTEROL 0, 7 H 46 0. Discovered by 
Conradi in gall-stones in 1775. Occurs in all 
vertebrates and throughout the whole of the 
animal kingdom with the exception of certain 
groups of the invertebrata in which it is replaced 
by closely related substances (I)nr6o, Biochcm 
J. 1909, 4, 72). It is found in bile, blood, the 
brain, and generally m all animal tissues, bemg 
closely associated with the lipins and fat present 
in the various organs Biliaiy calculi arc 
composed almost entirely of cholesterol Its 
most abundant source is. howevei, wool grease 

It may bo obtained from animal tissues by 
the following method : the tissue is minced, 
dried m an ovon at 1(H) 1 ’ and the dried material 
ground to a powder in a coffee null and extracted 
in a Soxhlet apparatus with ether for 9 hours 
After distilling off tho ether, the residue is 
saponified with alcoholic potash Tho alcohol is 
distilled off and the cholesterol soparatod from 
the soaps and glycerol by extraction with ether. 
The tendency of the oilier and soap solutions 
to form emulsions makes the extraction difficult 
and various methods have been introduced to 
overcome this difficulty. Thus Ritter recom- 
mends that the soap residue he mixed wit-h 
sodium chloride and water, evaporated to dry- 
ness and the resultant mass, after drying in an 
oven at 80°, extracted in a Koxhlet apparatus 
for 9 'hours. Kossel and Obermifller (Zoit 
physiol. Cliem. 1890, 14, 599) recommend 
saponification of the ethereal solution of fat 
with an alcoholic solution of sodium ethylate 
at ordinary temperature. After a short time 
a compact mass of soaps separates which is 
easily filterable, the cholesterol bemg present 
in the alcohol-other filtrate. By this method 
wool grease, which is only saponified with diffi- 
culty, iB completely decomposed ill 24 hours at 
ordinary temperature. After filtering off the 
soap and washing the precipitate with ether, 
the filtrate ih well washed with water, the 
ethereal solution dried with CaCl,, and the ether 
distilled off, leaving a residue of cholesterol. Jt 
may also be separated from the fatty acids in 
wool grease by distillation with superheated 
steam or by direct heating (Mayer, Eng. Pat. 
20639 ; J. Soo. Chem. Ind. 1894, 162). 


Cholesterol crystallises from ether or chloro- 
form in silky needles, m.p. 148*4 to 150*8 (corr.). 
From aqueous aleohol (90 p.c.) it crystallises in 
characteristic plates with one molecule of water 
of crystallisation. Insoluble in water, sparingly 
soluble in cold, easily in boiling alcohol (9 parts 
alcohol, sp gr. 0*87), and in chloroform, ether, 
carbon disulphide, loss soluble in acetone, 
petroleum, benzene, and glacial acetic. Soluble 
m fats, fatty acids and in solutions of bile salts. 
Sp gr. 1 *04(5 ; it is optically active ; in ether 
solution (a)^- 31 *12 ; in CHC1 3 (a) r ,” —36*61. 
It sublimes unchanged at 200°, hut is de- 
composed at higher temperatures, hydrogen 
being evolved at 300° to 320°. In a vacuum it 
can bo distilled unchanged. 

ConUitulion — Cholesterol is an unsaturated 
secondary alcohol, possessing a complicated 
terpene-like structure which lias not yet been 
completely elucidated It has, however, been 
possible to establish m the molecule the presence 
of (1) a secondary alcohol group in a reduced 
ring ; (2) a terminal vinyl group : and (3) an 
isoamyl group Oui present knowledge is best 
represented by the formula 



By applying various reagents under different 
conditions, a largo number of oxidation products 
have been obtained (Mauthner and Simla, M. 
24, 489; Windaus, 25 papers m Bcnchte, 1903 
to 1917; Diels and Abderhalden, Ber. 1903, 
3177; 1904, 3092; 1900, 885, 1371), the 
formula arrived at for cholesterol being based 
on those results. Oxidation of the secondary 
alcohol group gives the corresponding ketone, 
clwlcdcHone, m.p. 78° ; the latter compound 
has also been obtained by direct oxidation of 
cholesterol with copper oxido at 300", moro 
conveniently by oxidising cbolesteryl-di-bronnde 
with chromic, acid in acetic solution at 70°, and 
subsequently removing bromine by zinc and 
acetic acid (Windaus, Ber. 1906, 518). Cold 
chromic acid or potassium hypobromite solution 
oxidises tho socomlary alcohol to tho kotone 
group and at the same time the vinyl group is 
oxidised and a new ring formed ; the diketone, 
oxycholestcvove is the resulting product. 

By the addition of two hydrogen atoms to 
oxycholestenone, rlwlntnncdwnp, m.p. 170°- 
171°, is produced. Fuming nitric acid reacts 
with cholesterol forming a mtro- compound 
which is reduced to cholcstmiond , m.p. 140° 
(Windaus, Ber. 1903, 3752, 1917, 133), the 
latter being oxidisod by chromic acid to chole- 
stanedione. Tho relation of these substances 
to each other is shown by the following formulae : 
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Further .* oxidation of those products has 
resulted m the isolation of a number of carboxylic 
acids, respectively mono, di, tri, and tetrabasic, 
some containing the same as, and some a smaller 
number of carbon atoms than cholesterol in 
their molecules. 


The following compounds have been recog- 
nised among the products of the oxidation of 
cholesterol by nitne acid : dmitrwaopiopano 
and acetic, succinic, methylsuceinic and a- 
methylglutai ic acids, acetone, hydroxywobu- 
tyrio acid, motliyhwhcxyl ketone, and octane 
all of which substances may be logardod as 
derived from an i.woetyl sido chain in cholesterol 
On tins assumption cholesterol may bo repio- 
sonted by the formula 


t ’ll Mo OH, -OK. 

I 

<■11, -OH OH OH OH, OILMe |0U .j/GHMe, 
OH, OH — OH OH OH, 


Oil, 01 1(0 H) OH Oil -Oil 

(Wmdaus,Zeitsch. physiol. Clicm. 101K, 102, IhO ; 

Obern. Zents 1020, i, 82), 

The action of ozone has Iwion investigated by 
J >or6e & (laid nor, Molinan and by Harries. 
If the above constitution be accepted, only 4 
atoms of oxygen should he taken up ' by the 
cholesterol molecule ; an ozonule containing 

7 atoms of oxygen has, however, also been 
isolated. Tho balance of chemical evidence 
being against the pfosence of two double bonds 
in tho mglecule, Doreo fcnd Gardner regard the 
addition of tho three extra atoms of oxygen, 
which are only slowly taken up, as probably due to 
the opening of a bridged ring in the molecule. 

From tho first of the above formula*, only one 
dihydro derivative of cholesterol should he ex- 
pected; several have been described, none of which 
appears to be identical with copradenn, the di- 
hydro cholesterol occurrmg in tive intestines. Tho 

8 cholestanol, m.p. 142 Q , obtained by reducing 
cholesterol with platinum and hydrogen repre- 
sents probably tho true dihydro derivative 
j(Willstatter & Mayer, Bor. 1908,” 2199). 

Cholesteryl Enters . — Tho cholesteryl esters of 
the lower fatty acids are prepared by heating 
cholesterol with tho anhydrides of the acids, 
those of the higher fatty acids by boding chole- 
sterol with the acid and removing the water 
formed (Jaeger, Rec. trav. chim. 1907, 311). 
M.p. acetate, 114°, propionate, 98°. These 
substances on melting form anisotropic liquids, 
many of the esters having 3 stable liquid phases. 
The benzoato melts at 140° to a turbid liquid 
which examined with the polanseope shows 
definite crystal structure and at 178° passes 
to a clear liquid. The laurate is an instance of 
a compound which can bo heated several degrees 
above its melting-point without melting. 

Detection and Estimation . — Tho thin rhombic 
plates of cholesterol obtained from 90 p.c. 
alcohol are very characteristic. Under the 


microscope A they often show notohed angles 
and exhibit a curious overlapping arrangement. 
A number of colour reactions have been de- 
scribed of which the following are tho most 
useful : EaUcmmlcCs test. A small amount of 
cholesterol is dissolved in 2 e.c. chloroform and 
shaken with an equivalent amount of cone. 
H 2 8() 4 ; tho chloroform first becomes blood- 
red, then cherry-rod, and finally purple, which 
lasts for several days ; poured into a basin, it 
becomes successively blue, green, and yellow 
owing to absorption of water. The H 2 S0 4 
layer is strongly fluorescent. 

Iiuichardl -Liebermann Ted . — Dissolve a little 
cholostoiol m 2 e c. chloroform, add 20 drops of 
acetic anhydride and 1 drop cone. H 2 S0 4 : a 
violet-pink colour appears. This test is also 
given by resinie aculs. 

Estimation . — In animal tissues, the choles- 
terol may be estimated in the residue from the 
ether extract by converting to the acetate by 
boiling with acetic anhydrido. The acetate is 
washed with water till free from acetic acid, 
and a weighed amount saponified with a known 
volume of alcoholic potash. The residual 
potash is titrated with standard acid and the 
amount, of potash equivalent to the cholesterol 
thus determined. The iodine value will also give 
information. Tho most satisfactory method is 
that m which tho cholesterol ss precipitated and 
weighed os its insoluble compound with digi- 
tomn. Ransom, m J901, found that tho haemo- 
lytic power of saponin is pi-evented by the 
addition of cholesterol. Wmdaus investigated 
the reaction (Ber. 1909, 238) and found that 
digitonm formed an insoluble compound with 
cholesterol in alcoholic solution. A 1 p.c. 
solution of digitonm in 9(5 p.c. alcohol is added 
to tho ether-alcohol solution of fat, and after 
standing for Horne hours the precipitate is col- 
lected on a ( loooh filter, washed with alcohol and 
ether, dried at 100°and weighed. Tho precipitate 
contains 25 p e. cholesterol. The filtrate is 
concentrated and after tho addition of water 
extracted with ether ; the excess of digitonin 
remains m the weak alcoholic liquid, and the 
eholestoryl esters in the ethereal layer. The 
solvent is distilled off and the residue saponified 
with hot alcoholic potash. The cholesterol is 
then extracted with other or petroleum and 
precipitated with digitonm as above described. 
In this way the free and combined cholesterol 
are separately estimated. Various modifica- 
tions of this method have been introduced, thus 
Preacher recommends that alter saponification, 
tho soap should bo decomposed with hydro- 
chloric acid, CH01 a added, and the CH01 3 
solution of the fatty acids separated, filtered, 
and treated with the 1 p.c. digitonin solution 
at 50°, the liquid being stirred during the, precipi- 
tation (Zeitsch. Nahr. Genussm. 1917, 481). In 
fats where adulteration with vegetable fats 
may have taken place, it is important to dis- 
criminate between phytosterol and cholesterol ; 
for this, tho acetates or di- bromides must be 
prepared, and their melting-points examined. 
Marcusson and Schilling recommend the follow- 
ing method (Chem.Zeit. 1913, 1001), 60 grams fat 
are shaken for 15 minutes in a separating funnel 
with 20 c.c. 1 p.c. alcoholic solution of digitonin. 
The bottom layer of oil is run off ; the alooholio 
upper layer containing the flocculent precipitate^ 



230 CHOLESTEROL 


of digitonide is shaken with 50 to 100 c.o. ether. 
The ppt. is washed with ether, dried, powdered 
and again washed. It is then heated with 1*6 
c.c. acetic anhydride in a test tube for half an 
hour. On cooling cholesterol and phytostcrol 
acetates crystallise out. The acetates are 
re-crystallisod and their m.pa. determined. 
Cholestoryl acetate molts at 114°, phytosterol 
acetate at 128°. They may also be separated 
bv crystallising their di- bromides from ether and 
glacial acetic (Windaus, (Jhetn Zoit. 1900, 1011). 
A mixture of 4 grams cholesterol and 4 grs. 
phytosterol was dissolved m 80 c.c ether and 
80 c.c. 5 .p.c. bromine in glacial acetic solution 
added. After standing for 1 hour at 0", the ppt. 
is washod with 40 c.c. glacial acetic acid, and with 
40 c.c. 50 p.c. acetic acid, the washings being 
added to the filtrate, and a further ppt. added to 
the original ppt., winch is then washed with water 
and dried. The ppt. contains the cholesterol 
bromide, the filtrate the phytosterol compound. 
The ppt. is heated with 100 e c. glacial acetic acid 
and 5 grs. zinc dust for 2 horn’s, the excess of 
zinc filtered oil, and a large quantity of water 
added. A precipitate forms which is boiled foi 
2 hours with 100 c.c. alcoholic potash, and the 
cholesterol then precipitated by the cautious 
addition of water. The phytosterol is obtained 
by similarly treating the solution of the phyto- 
sterol bromide. 

Cholesterol is found in commerce under the 
name of lanolin and is used mainly for medicinal 
purposes, and, owing to the ease with winch it 
is absorbed by the slun, as a substitute for 
vaseline or lard in the composition of piasters, 
ointments and salves, i t has also been employed 
m the manufacture of cosmetics and pomades, 
and for softening leather. Lanolin is obtained 
from wool oil, which contains about 70 p.c. of 
cholesterol and 140 p.c. fatty acids, by saponifi- 
cation by means of caustic soda, whereby an 
emulsion is obtained winch on dilution with 
water gives so-callod wool -milk. On treating 
in a centrifugal machine impure lanolin separates 
out as a cream and may be precipitated by 
lime. Tho purified product is afterwards 
kneaded with 30 p.c. of water, m which state 
it is found in commerce and forms the ‘ Hydrous 
Wool Fat ’ of the *B.1\ Anhydrous lanolin 
absorbs about 100 p.c. of water, does not become 
rancid, and is antiseptic. 

Isocholcsterol is an alcohol isomeric with 
cliolosterol which occurs only in woolgrcase, 
m.p. 137-138°, cijj-- — J— GO. The mixture of 
cholesterol and isocliolesterol is heated for 30 
hours in a sealed tube with four times its weight 
of benzoic acid. The benzoates are insoluble 
in boiling rectified spirit and are separated by 
crystallising from other. Cholesteryl benzoate 
crystallises m shining plates, its isomer as a 
light powder, m.p. 190°- 191°. Isocholesterol 
may also be separated from cholesterol by means 
of oxalic acid ; cholesterol forms a crystalline 
compound with oxalic acid, and the isoeholesteFol 
can be estimated m the filtrate as benzoate 
(Madipaveitia & Honzalea, Anal. Fis. Quiru. 
1916, 398). Isocholesterol gives no colour 
reaction with chloroform and sulphuric acid, 
but like cholesterol gives a pale yellow substance 
when heated with a drop of concentrated HN0 3 
and a deep yellowish red colour on the addition 
of ammonia (Schiff’s roaction). I. S M. 


CH0LESTR0PHAN v. Pababanic acid . 
CHOLIC ACID C 24 H 40 O 5 . Ocoure in bile, 
chiefly in combination with taurin and glycocoll 
as taurocholic and glycocholic acids. Free 
cholic acid, probably derived from these complex 
acids, occurs in Binall quantity in the intestinal 
contents, in the fieces and in the bilo. 

Preparation . — Cholic acid and the closely 
rolatod isomeric choleic and desoxycholeic acids 
(O 24 H 40 O 4 ) arc prepared from bile after first 
treating it with alkali to decompose the com- 
pounds with glycocoll and taurin. Five kg. ox 
bile are boiled for 30 hours with 1 kg. 30 p.c. 
NaOlI solution under a reflux condenser, 5 
litres of water added and tho mixture pre- 
cipitated with hydrochloric acid at 50°. The 
precipitate is well rubbed up with water to 
remove hydrochloric acid and dried on a water- 
bath (Bondi and Muller, Zeitseh. physiol. Chom. 
47, 501). Tho residue consists of a mixture of 
cholic acid with choleic and desoxycholeic 
acids, which may bo separated m various ways, 
depending on (a) the sparing solubility of the 
barium salt of choleic acid, this being pre- 
cipitated when barium chloride solution is 
added to a solution of the ammonium salts of 
the mixed acids • and (b) tho relative insolu- 
bility of cholic acid in alcohol. Lang held (Ber. 
1908, 378) recommends the following method : 
The crude dried acids are shaken with twieo 
their weight of alcohol and the remaining cholic 
acid twice rccrystullisod from absolute alcohol. 
Excess of soda is added to tho mother liquor, 
and the reaction mass warmed on the water- 
bath ; a nearly quantitative separation of sodium 
cholate takes place. This is Altered whilst hot, 
washed* with uoihng alcohol and recry stallised. 
Tho mother liquors aits concentrated in racuti 
and cooled : the sodium salts of the fatty acids 
present now separate The remaining acids 
are regenerated from the «alts and estonfied 
with 0-2 p.c. alcoholic HC1. Tho esters are 
boiled with much ligrom which dissolves 4 p.c. 
On saponifying the ligrom -insoluble esters with 
alcoholic potash,- a further separation of cholic 
acid as sodium salt takes place. Tho rcsiduo 
is extracted with boiling benzene and ether, 
and then recrystallised from ethyl acetate. 
It consists of the two isomeric desoxycholeic 
acids the existence of which has been described 
by Mylius and by Vahlon. By fractionation 
from ethyl acetate these were obtained as 
substances melting respectively at 172° and 187°. 
The latter appears to be identical with the 
choleic acid obtained by Mylius (Ber. 1880,' 
369 and 2000 ; 1887, 683 arid 1968). 

Properties . — Cholic acid is a monobasic acid 
containing two primary and one secondary 
alcohol groups. It crystallises from aqueous 
ether or from dilute acetic acid with 1 molecule 
of water, from alcohol with one molecule of 
alcohol ; it loses both water and alcohol at 120°. 
It is soluble in acetone and acetic acid, almost 
insoluble in cold water, more soluble in hot 
(1 m 75). Its solubility in cold 70 p.c. alcohol 
is 1 in 20. Specific rotation : <x D =37*0 (Vahlen, 
Zeitseh physiol. Chem. 21, 265). It behaves to 
bromine and potassium permanganate as a 
saturated substance, but forms an ozonide on 
treatment with ozone, suggesting the presence 
of an unsaturated cyclic substance (Lang held, 
Ber. 1908, 1023; von Furth and Ismhara, 
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Bidchem. Zeitsch. 43, 323). A largp number of 
oxidation products have been obtained (Pregl. 
Zeitsch. physiol. Chera. 1910, 167). On distilling 
under 12 mm. pressure, a heavy oil passes over 
at 200° to 300°, solidifying to the triply unsatu- 
rated cholatrionecarboxylic acid 0 a4 H 34 O 2 , m.p. 
103°. This acid gives the fluorescence with 
H a S0 4 characteristic of cholic acid, but this 
property is lost on reducing it with hydrogen 
and palladium black (Wieland and Weil, ZeitHch. 
physiol. Chem. 80, 287). 

Colour lime l ions. — (1) Cholic acid dissolves 
in cono. H 2 S0 4 with a reddish yellow colour 
Bhowing a characteristic green fluorescence. 

(2) Pottenkofor’s Tost. An aqueous solution 
gives a red colour with a small amount of cane 
'sugar on addition of cone. il y S0 4 or I1 3 P() 4 . 

(3) Mylius’ iodine reaction (Zeitsch physiol. Cliem. 
1887, 306). To 0 04 gr in 1 c.c. alcohol, add m 
the cold 2 c.c. N/10 iodine solution and slowly 
dilute with water , the mixture suddenly 
solidifies to a paste of crystals which appear 
intensely ' blue by transmitted light. This test 
differentiate s cholic from choleic and desoxycho- 
leic acids. 

Compounds tilth (Upcocoll and Taurin. — Both 
cholic and choleic acids occur in combination 
with glycocwll and taurin forming the important 
bile-acids. In man the ratio glycocnolate : 
taurocholate vanes fiom 5 : 1 to 10 : 1. Taurin 
is present m the bile of most mammals, leptiles, 
birds and fishes. Cllyeocholato is absent m 
the bile ol the polar boar, dog, goose, and in 
certain fishes. Cholic acid is formed m the livei 
and there combined with taurin and glycoeoll 
ft is probable that it- is derived from the cholo- J 
store) of the ml blood corpuscles. 

The physical properties of these acids play 
an exceedingly important part in the digestive 

S irocesses. They act as solvents for lipms and 
at and so increase the velocity of resorption of 
the fatty acids m the intestine, and act as 
activators to certain enzymes. 

Gli/cocholic Acid (C 6 ll 43 () B N occurs in 
quantity in bile, especially in that of herbivora. 
It is extracted from fresh bile by saturating with | 
ether and decomposing with from 3 to 4 p.c. 
cone. HOI ; on standing a crystalline paste of 
clyeoehohe acid separates. The bile may also 
bo dried on the water- bath and extracted with 
90 p.c. alcohol After distilling off the alcohol 
the residue is taken up with water, neutralised 
with milk of lime and filtered. On acidifying 
with sulphuric acid the acid separates. It is 
easily soluble m acetone and acetic acid, 
soluble with difficulty in other and insoluble in 
chloroform and benzene. According to Knoop, 
it crystallises with 1| mol. water of crystallisa- 
tion and melts at 138°. 

Taurocholic Acid C\, # H 46 NS0 7 . This is the 
chief constituent of dog’s bile. Alcohol is added 
to dog’s bile and the filtered liquid concentrated 
to dryness on the water-bat-h. The residue is 
dissolved in alcohol, precipitated with ethor and 
dissolved in water. Feme chloride solution is 
added to the neutral solution until further 
addition produces no precipitate. After re- 
moving the iron, the filtrate is evaporated to dry- 
ness. The sodium salt us rubbed up with alcohol 
containing 2-3 p.c. hydrochloric acid ; after 
filtering off sodium chloride ether is gradually 
added until crystallisation sets in. 


Properties . — Soluble in water, alcohol, ethyl 
acetate, insoluble in ether and chloroform. 
The crystals are obtained anhydrous on drying 
invacufi. It melts with decomposition, the in.p. 
gradually changing, from 100° to 180°. It pre- 
cipitates protein from solution. 1. S. M. 

CHOLINE AND RELATED SUBSTANCES. 
Choune, trimethyl /S - hy dro xyethy 1 - a m m oniu m 
hydroxide, CH a (()H)-CH 2 N(CH s ) 3 OH, is formed 
by the hydrolysis of lecithin and hence probably 
occurs in all living cells ; its isolation from 
animal or vegetable tissues has been recorded 
very many times, but has no special significance, 
for even when not originally present in the free 
state, some is generally formed from phospha- 
tides during the process of isolation. Kauff- 
niann (Zeitsch. physiol. Chom. 1911, 74, 175) has 
shown, howover, that if perfectly fresh ox brain 
is worked up rapidly, with precautions, hydroly- 
sis may be avoided and then no choline is ob- 
tained. Tho best naluial sovrcc is crude lecithin. 
Hard egg-yolk is extracted with ether and then 
with alcohol ; the extracts are mixed and 
ovaporated and the residue is boiled for one 
hour with 50 parts of cold saturated baryta 
solution. After removal of the baryta and 
evaporation, tho residuo is extracted with 
absolute alcohol and to the solution alcoholic 
mercuric chloride or platinie ohlonde is added. 
(Compare D. R P. 193449; Moruzzi, Zeitsch. 
Physiol. Chem. 1908, 55, 352 ; MacLean, ibid. 
55, 360.) The mere uric blonde is decomposed 
by hydrogen sulphide, the platmiehlorido by 
tho calculated quantity of potassium 
chloride ; m either case the choline chloride is 
extracted by absolute alcohol from the residue 
after evaporation. Most other natural sources 
yield very little (seeds and animal viscera some- 
thing like 04)2 p c.). The isolation of choline 
(anti betaine) from vegetable sourcos has boen 
described by Schulze (Zeitsch. physiol. Chem. 1909, 
60, 155). Tho aqueous plant extract is purified 
with lead acetate, and then, after romoval of 
the lead and evaporation, the residue is extracted 
with absolute alcohol. Choline and betaine are 
precipitated with alcoholic mercuric chloride. 
After reconversion into the chlorides and 
evaporation, cold absoluto alcohol dissolves 
choline chloride, and leaves betaine chloride 
behind. 

Chrtlme is best prepared synthetically. 
Gaseous trnnethylamine is rnado to act (a) on 
ethylene oxide (Wurtz, Compt. rend. 18&7, 65, 
1015; ‘p6vrine ’—choline) ; (b) on ethylene 
dibromide ; the resulting trimethylamino* 
bromothylium bromido is best converted into 
cholme by heating with water (Kruger and 
Bergell, Ber. 1903, 36, 2901) ; (c) on ethylene 
chlorohydrin (Rensliaw, J. Arner. Chem. Soc. 
1910, 32, 128). Choline is also obtained (d) by 
methylating amino -ethyl alcohol (see below ana 
Trier, Zeitsch. physiol. Chem. 1912, 80, 409). Of 
these methods ( c ) is tho best ; rather more than 
ode equivalent of tnmethylamine gas is passed 
into ethylene chlorohydrin in t. kibe coded to 
— 12° to —20°, which is subsequently heated to 
80°-90°. The yield is almost quantitative. 

The estimation of choline (and betaine) has 
been worked out by Stanek (Zeitsoh. physiol, 
Chem. 1905, 46, 280; 1906, 47, 83; 48, 334), 
and depends on the precipitation in sodium 
bicarbonate solution of choline periodide, by 
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a concentrated solution of iodine in potassium 
iodide. The weak base bet aine is similarly preeipi - 
tated from the filtrate after acidification. Minute 
quantities of choline may be estimated physio- 
logically after conversion into the acetyl deriva- 
tive (see below ; also Uuggenhenn and Loffler, 
Bioohem. Zeitsch. 1916, 74, 208 ; Fulmer, ibid. 
1916, 77, 408). 

Qualitatively choline is recognised as the 
diehroitic crystalline penodido (Florence’s test 
for semen; Bocarius, Zeitsch. physiol. Chem. 
1901, 34, 339; Rosenheim, J Bnysiol 1905-6, 
33, 220), and by conversion into other salts 
The mere tin-chloride U 6 H 14 ONUI,0Hg(Jl 2 ,ll 2 (), 
crossed hexagonal prLsms, m.ji. 249°-251° dis- 
solves in about 50 parts of water at room 
temperature, but m alcoholic solution the limit 
of precipitation is given as 1 • 2,000,000. The 
jdatinichwnde (C s H 14 ON) 2 RtCl 0 dissolves in 
5 '82 parts of water at 21 n and is dimorphous , 
the conversion of the regulai isotropic form into 
the anisotropic monoclmic one is the surest means 
of detecting choline without analysis (Kauff- 
mann and Vorlander, Her. 1910, 43, 2735). The 
aunchloride. dissolves in 75 parts of water at 
21° and m hot alcohol. Neither this nor the 
platimchloride has a characteristic melting- 
point. The free base is a syrup , many of the 
salts aie deliquescent (for details see Uulewitsch, 
Zeitsch. physiol. Chem. 1898, 24, 513). For 
soluble non-deliquesccnt salts , , ur Cor. l’ats Nos. 
290523 and 290740 (Chem. Hoc. Abstr. 1916, i. 
41)8 and 548) The physiological action of 
choline is in general antagonistic to that of atro- 
une, and not very intense; intravenous injection 
owers the blood pressure (eg. Mendel, Underhill 
and Renshaw, J. Rhaim. exp Thorap 19J2, 3, 
649). Esterification of the alcyholic hydroxyl 
oiiorm ously increases the activity . 1 c< lyl < holm e 
iH 100,000 times as depressent as choline (Hunt 
and 'i’aveau, U S. Hyg. Lab. Bull No. 73, and 
physiological estimation above). Acetylcholine 
occurs in ergot (g.r.), but is very readily hydro- 
lysed and is absent from most extracts. The 
nitron# and enter, long regarded as ‘ synthetic,’ 
or pseudo-muscarine, is formed by the action of 
concentrated nitric acid on choline. The de- 
monstration by Ewms (Biochem J 1914, 8, 
209) that the reaction product is not an aldehyde, 
as was commonly supposed, explains the differ- 
ences in physiological action between it and 
muscarine from Amanita muscaua, the Fly 
Agaric. This natural product requires further 
investigation, for it is apparently no* identical 
with botanic aldehyde as was supposed by its 
discoverers. The alkaloid stnajnn in black 
mustard seeds is the choline ester of sinapic acid 
Many other eholmo esters and related deriva- 
tives have been prepared by Hunt and Taveau 
(l.c.), Menge (J. Biol Chem. 1911, 10, 399, and 
U.S. Hyg. Lab. Bull. No. 96), Ewms (Biochem. 
J. 1914, 8, 366), and by Fourneau and Pago 
(Bull. Soc. chim. 1914 (iv.1 15, 544). The 
latter, in connection with the physiological action 
of snake vendm, found that patnuigl and stearyl 
choli'y.e are strongly luemolytie. 

Other bases related to choline are neunne or 
vinyltrimethyl ammonium hydroxide 

CH 2 :CH'N(CH 3 ) 3 OH 

formed from cholme by putrefaction and 
with a similar physiological action but 10- 


20 times as .toxic. Amino elhi/lalcohol or hydroxy 
ethylamine. ( ‘ colamme ’) CH 2 OH-CH 2 NH 2 was 
obtained by Thudichum in 1884 by the hydro- 
lysis of the brain phosphatide kephalin, in which 
it entirely replaces choline. It has been more 
recently recognised in other phosphatides, Trier 
(Zeitsch. physiol, ('hem. 1913, 86, 1, 141, 153, 
407). For a full account of choline and allied 
substances, see Barger, The Simpler Natural 
Bases, Longmans, 1914 U. B. 

CHOLINE ESTERS v . Muscarine and Ergot. 

CHONDR1N. A sulistance allied to and 
much resembling gelatin Obtained by boiling 
cartdage with water. When dried it is a hard', 
horny substance which softens to a jelly m cold 
water, and is entirely dissolved by boiling water. 
It is precipitated from its aqueous solution by 
nearly all acids, m excess of certain of which 
it redissolves ; and by alum, lead acetate, copper 
and iron sulphates, and mercuric and mercurous 
nitrates. These reactions are said to dist inguish 
it from gelatin. 

By Morochowitz, ehondrin is regarded as a 
mixture of gelatin, mucin, and salts ( e . Ulue). 

CHROMATOMETERS v Colorimeters. 

CHROMAZONE BLUE, -RED v . Azo colour- 
1NG MATTERS 

CHROME BLACKS, -DEEP BLACK, 
-BROWNS, -FAST BLACK, -FAST CYANINE, 
-FAST YELLOWS, -YELLOW, -ORANGE, 
-PATENT GREEN, v Azo- colouring matters 

CHROME VIOLET. Syn. Muuvcme, Per- 
kin's violet (v. Azines and colouring matters). 
The term is also applied to the sodium or 
ammonium salt of au n ntneur hoxy lie acid (v. 
Trii'Iien^lmethane colouring matters). 

C HROMITE or Chrome iron-ore. A mem her 
of the spinel group of minerals, consisting 
essentially of ferrous oxide and chromic oxide 
FeO'Cr 2 O s , or Ee(Y3) 4 , analogous to tho 
alummates. The ferrous oxide is, however, 
often partly replaced by magnesia, and the 
chromic oxide by alumina, so that there is a 
passage to chromo-spinel or picotite ; on the 
other hand, with a replacement of chromic oxide 
by feme oxide, there may he a transition to 
magnetite (Eo 3 0 4 or FeFe 2 () 4 ). All these 
minerals are cubic in crystallisation and belong 
to the same isomorphous group — the spinel 
group. The actual amount of chromic oxide 
vOhes considerably, as shown by the following 
analyses ; the ordinary ore, as mined, contains 
on an average 45 p.c. Cr 2 0 3 : — 


Cl 2 0 3 

A1 2 0 3 

Fe 2 0 3 

FeO 

MgO 

I. 67 '9 

— 


321 

— 

II. 4415 

22 41 

5-78 

11-76 

15-67 

III. 59*20 

7 15 

n.d. 

25-02 

4-42 

IV. 41-23 

24-58 

2-28 

16-99 

14-77 

V. 56 54 

1213 

— 

18-01 

14 08 


I. Calculated for FeCr 2 Cr0 4 . 

IT. Franklin, Macon co., North Carolina. 

HI. Price’s Creek, Yancey co , North Carolina (J. H. 
Pratt, Amer. J. 8ei. 1890, vii. 281. Also 
Si0 2 2 80, MnO 0 69. 

IV. Tainpadel, Lower Silesia (II. Traube, Zelts. 

Beutsch (»eol. Ges. 1894, xlvi. 50). 

V. Bun Mountain, New Zealand. 

(For analyses of chromite isolated from meteorites, 
see W. Tessin, Proc. U.S. Nat. Museum, 1908, 
xxxiv. 685.) 

In genoral appearance, ohrome-iron-ore is 
very like magnetite, but it is readily distinguished 
from this by the dark-brown colour of its streak 
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or powder, and by the fact that it is only slightly, 
if at all, raagnetio. Sp.gr. about 4 '5. Crystals 
are of rare occurrence, the mineral being usually 
found as grains disseminated m basic rocks of 
igneous origin, especially those rich in olivine 
(viz. the peridotites). Sometimes these grains 
are segregated into nodular masses of con- 
siderable size and with a granular to compact 
texture. Rocks of tins kind, when subjected to 
weathering processes, become hydrated and 
altered into serpentine, and lor this reason most 
of the workable deposits of chrome -iron -ore are 
in serpentmo rocks. With the denudation and 
breaking down of these rocks, the heavy grams 
of the chemically iesisting chromite collect m 
the hecks of streams and livers , and some of the 
deposits worked in the Dial Mountains are of 
this nature 

Chromite is the only commoicial source of 
chromium and its compounds. It is used for the 
preparation ol the oxides and chromates em- 
ployed as pigments, and in dyeing, calico- 
printing and tanning ; m the manufactuie of 
chromo-stud and tei roehiome, and loi chrorno- 
hncks and furnac c linings It is mined in 
European and Asiatic Tui key, Greece, the Ural 
Mountains, New Caledonia, India, Baluchistan, 
Rhodesia, Quebec, California and (hogon; and 
formerly, to a considerable extent, at Rare 11 ills, 
near Baltimoie in Maryland, and m Lauras to i 
co. in Retmsylvartm. Quarries were, at one time, 
worked on Unst, one of the {Shetland Isles 
(Special Reports on the Mineral Resouices of 
Great Britain, vol v Mem Cool Survey, 
11)16). 

On the Californian deposits, see J S Dillei, 
Mineral Resources of the United States, U S. 
Gool. Survey, for 1915, 1910; those of Canada, 
see F. Cirkel, Dept, of Minos, Canada, No 29, 
1909 ; and those of Rhodesia, A E. V. Zealley, 
Trans. Geol. Soe. S. Africa, 1911, xvn. 00. 

L. J. S. 

CHROMIUM,, (Fr. G/tmme ; Ger. Chrom ) 
Symbol Cr. At wt 52 0. Chromium occurs 
principally as chrome-iron-ore, or chromite 
Iq.v.). Found largely in Rhodesia, Now Cale- 
donia, Russia, Greece, Asiatic Turkey, and India. 
Ghromite deposits are also worked to a small 
extent in Bosnia- Herzegovina, Japan, California, 
Oregon, Transvaal, and Newfoundland. The 
principal producers m 1913 were New Caledonia 
02,000 toriH, Rhodesia 03,000 tons, Russia 21,000 ; 
these countries furnishing about 90 p.c. of the 
world’s total. As sesquioxidc Cr 2 O a , it is found 
in small quantities in chrome ochre, generally 
mixod with clay and associated with chromite, 
in France and Siberia. As lead chromate it 
occurs in crocoinle and maianchroite PbCr0 4 , 
and as a basic lead chromate in the rare 
mineral phcenicite 3Pb0'2Cr0 3 . It is usually 
present m the form of chmmite in meteorites, but 
rarely to the extent of more than 1 p.c. The 
greenish colour of the emerald, vord-antique 
marble, serpentine, sapphire, and many other 
minerals, is due to the presence of chromium 
sesquioxide. 

Preparation , — Metallic chromium may bo 
prepared by soveral methods. Devdlo pro- 
duced it in combination with a small quantity 
of carbon, in ingots weighing as much as 100 
grams, by the ignition of a mixture of 
chro mium sesquioxide and sugar in a lime 


crucible, at the highest temperature of a blast 
furnace. 

Wohler (Annalen, 111, 230) prepared chro- 
mium by fusing a mixture of the violet chromium 
sesquiehlorido with twice its weight of zinc under 
a layer of equal parts of potassium and sodium 
chlorides. The mixture of zinc and chromium 
so produced was treated with dilute nitric acid 
to remove the zinc, and the chromium remained 
as a light-greemsh powder consist mg of minute 
oetahedra belonging to tho quadratic system 
(Bolley), of sp gr. 9 8 1 according to Wohler, 7 ‘3 
according, to Bunsen. 

Chromium may be prepared by the electro- 
lysis of its salts, but the purity and condition ol 
tho deposit vary greatly with current strength 
and solution concentration. A bright deposit, 
capable of receiving a polish, can bo obtained 
by the use of a hot 25 p c. acid solution of 
chromic chloride, with a current density of 
about 40-50 amperes per square foot. As, in 
the case of nickel, the deposits have a strong 
tendency to pool (Cowpor Coles, Ghem. News, 
81, 10). 

It is most easily obtained m small quantities 
by heating equivalent parts of chromic oxide 
(or mixture of the oxide and anhydride) with 
aluminium powder. When started, tho heat of 
the reaction causes it to continue and a fused 
mass of eln omium of a high degree of purity is 
obtained (Goldschmidt, Annalen, 301, 19). 

In large quantities it is best prepared by 
beating the oxide with carbon in the electric 
furnace. The crude metal thus obtained always 
contains cat bulls, of which three definite com- 
pounds appear to exist: Cr 3 C 2 , Cr 4 0,andCr 6 C 2 . It 
may he iefined by luithei heating in the electric 
furnace on a bed of lime mixed with chromic 
oxide. The defined metal crystallises in cubes 
or oetahedra and still contains about 1*5 p.c. 
carbon. By further refining, however, witn a 
double oxide of chromium and calcium, the 
puro metal is obtained (Moissan, Tho Electric 
Furnace) 

Ruro chromium is a steel-grey motal, slightly 
harder than gloss ; the carbides, however, are 
harder than quartz, so that a metal with between 
1 5 and 3 p.c. carbon can only be cut and polished 
by diamond dust, its density is 6 ’92, and it 
oxidises superficially in moist air ; the melting- 
point is probably above 2000° (1510°, Johnston, 
J. ind. Eng Ghem. 1917, 9, 873). The pure 
finely divided metal burns rapidly when heated 
in the Jilowpipe flame, and a pyrophoric powder 
may be prepared by distillation of chromium 
amalgam m vacud {v. infra). It also unites 
with nitrogen when heated m nitrogen or am- 
monia, forming a very stable nitnde. Crude 
chromium does not bum until heated to above 
2000°. It combines with sulphur vapour at 
700°, and when heated to redness in hydrogen 
chloride, forms chromous chloride. Eleotrolytio 
chromium occludes 250 tim§s its volume of 
hydrogen. Aqueous hydrochloric acid acts 
slowly on the metal, but the actoon is accelerated 
if the chromium is made tho anode in electro- 
lytic hydrochloric acid. Heating with sulphuric 
acid causes ovolution of sulphur dioxide ; con- 
centrated nitric acid and aqua regia have no 
action. As in the case of iron, active and passive 
varieties of chromium exist ; in general, the metal 
is rendered passive by oxidising solutions, r whilst 
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hydrogen ions make it active. In the electro- 
motive sories, the active chromium immediately 
follows zinc, the inactive metal is near platinum. 
The cause of the passive state is usually ascribed 
to the existence of a superficial film of oxide, but 
this view has been disputed. 

Chromium carbide boils at 2270° C., and the 
vapour consists entirely of chromium. Between 
2050° and 2250° the fused mass remains constant 
in composition and corresponds with Ur,C.,. 
Below 2050^ down to 1875° graphite and the 
carbide Cr a C a exist side by side as solid phases. 
Cr 5 Cj is also shown to exist (Zeitsch. Elec. 
Chom. 18, 24. 157). 

Alloys. Various alloys of chromium have 
been prepared, chiefly by means of the electric 
furnace, by the ‘ thermit ’ method, or by tho 
mixture of the molten metals. 

Molten zinc dissolves but little chromium , 
a hard and brittle alloy has been obtamed m the 
form of hexagonal lamella.*. Aluminium and 
chromium mixtures, containing between 5 and 
$5 p.c. chromium, separate into two liquid 
layers, and probably contain a compound, 
Cr.,Al. The alloys with a low percentage of 
chromium are brittle, one containing 13 p c. 
chromium can be powdered in a mortar. 

Alloys with antimony / arc brittle, and com- 
pounds represented by SbCr and JSb/lr are 
known. Chromium alloys with copper with 
difficulty, but an alloy can be obtained by 
stirring m copper oxide into a molten alloy of 
aluminium and chromium (Moissan). The 
liquid metals are miscible only to a small 
extent. 

Cobalt and chromium are miscible m all pro- 
portions, both m the liquid and the solid states, 
and yield a mixture of minimum melting-point 
1320 5 ’ with 47 p.c (Jr. Homoglfheous alloys, 
containing abovo 30 p.c. Cr, when cooled, separate 
into two sets of crystals, distinguishable by 
electrolytic etching. 

Nic/ccl chromium alloys with less than 00 p.c. 
nickel are non-magnetic. 

Silver and chromium, although partially 
mifjciblo in the liquid state, form no solid solu- 
tion. Molten cadmium does not dissolve any 
chromium. Molten mixtures of lead and 
chromium, containing more than 27 p.c. lead, 
separate into this mixture and pure lead. 

Chromium also forms sihndes and boride » in 
the electric furnaco ; of the former, compounds 
represented by SiCr 3 , MiCn, Si a Cr 3 , and Si 3 Cr, 
have been described. They are very ^ hard — 
&iCr a is Harder than corundum — and are not 
attacked by ordinary acids, though attacked 
readily by hydrofluono acid and b f aqua regia. 
The borides Cr a B 2 and CrB are metallic looking 
crystalline solids, not attacked even by a mixture 
of aqua regia and hydrofluoric acid. The com- 
pound CrB is stated to be weakly magnetic. 
The phosphide CrP, obtained from the metal 
and copper phosphide, forms dull-grey crystals, 
sp.gr. 5*71, which bum in oxygen, forming' 
chromium phosphate, but are unattacked by 
all acids except a mixture of hydrofluoric acid 
and aqua regia. 

By electrolysis of a strongly acid solution of 
chromic ohloride, using a platinum anode and 
a mercury cathode, an amalgam Hg a Cr is 
obtained, soft and brilliant, and altering but 
slightly in air. By pressure, a harder amalgam 


HgCr is obtained, which alters in air more 
rapidly. By distillation in vacud, both lose 
meroury and yield pyrophoric chromium (v. 
supra). An amalgam may also be obtained 
by the action of sodium amalgam on a chro- 
mium salt. 

With iron the alloys of chromium are of 
great interest. The presence of chromium in 
iron or steel produces a much finer texture, 
greater hardness, tenacity, and elasticity, and 
greater smoothness of fracture. Chromium can- 
not be used to replace carbon in steel, as has 
been asserted (Boussmgault). 

When crystalline, the tendency of these 
alloys is to produce needles instead of plates, 
as in the case of manganese. Chromium lowers 
the Ar 3 point eventually causing its disappear- 
ance, whilst it- raises tho Ar 2 point of the steel, 
the proportion of chromium required being less 
the higher the carbon, e.g. with 0*2 p.c. carbon 
5 p c. chromium is required. Hence chromium 
steels aro self-hardening (/.<?. air-hardening). 
Steels containing 16 p.c. chromium have been _ 
used for tools and have to he east to shape. 
With 0*5 p e. chromium and 0*5 p.c. carbon the 
steel is used for well bits and jars and lias no 
equal in the hardened state. With 1 p.c. 
chromium and high carbon the steel is used in 
bearnig halls, cones, i oiler hearings and crushing 
machinery. These low chromium steels when 
well annealed can be machined Its principal 
use is in conjunction with other alloy steels, 
especially nickel steels, to winch it imparts greater 
toughness and hardness. As such it is used 
extensively in automobile parts, and when used 
in armour plates they arc case-hardened and 
quenched Chrome steel is also used in the 
manufacture of special kinds of files. The alloy 
is usually prepared of the requisite composition 
by the addition of a definite amount of 
‘ ferrochroine, ’ containing from 40 to 85 p.c. 
chromium to the molten steel. Eerrochrome was 
formerly prepared from nidi chrome-iron ores in 
blast furnaces by the use of coke and hot high- 
pressure blast, or in crucibles. Ill 1890 the 
manufacture was commenced m tho electric 
furnace and has gradually sujiorseded the other 
methods. In the reduction of chromium from 
chromite to form ferrochroine, the iron being 
reduced, reduction of chromic oxide begins about 
1 185° (J. Thirty parts of pure carbon are theo- 
retically necessary for every 100 parts of iron 
and chromium reduced. On the basis of the 
double earbido _Kc 3 (.\(V,(1 s being formed in 
reduction of the chromite the following reaction 
occurs : 

9FeO,9Cr.O s +«OC 

=[2(Fe 3 C,3Ur 3 C a ) ■ +3Fe] + 3GCO 

Tho ferrochroine resulting would contain 
theoretically 10'4 p.c. carbon, 31*4 p.c. iron, and 
58*2 p.c. chromium. The ore has to be finely 
ground and is then mixed with anthracite coal 
in the proportion of 37 parts of carbon to 100 
parts of ore which forms tho above alloy and 
charged into the furnace. The power consumption 
in a 750 kilowatt furnace of the Alby carbide 
type at Kapperaen, Norway, was 3’0 kw. hours 
per pound, or 0 - 68 kw. year per short ton for 
5 p.c. carbon and 05 p.c. chromium ferrochroine. 
The percentage of carbon in the ferrochrome 
cannot be kept low by regulating the ooal 
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charoed into the furnace, but decarburisation 
can be effected with an oxide slag of iron or 
chromium after tapping the slag from the first 
reduction. (Arner. Electrochem. Soc. 1913, 176.) 

The addition of chromium decreases the 
magnetic properties, but all alloys, to 80 p.c. 
chromium, are magnetic. The magnetic pro- 
perty of chromium is not increased by cooling 
in solid hydrogen (Oompt. rend. 160, 687). A 
carbide, of chromium and tungsten of great 
hardness and of sp.gr. 8 41, has been produced 
in the electric furnace, and to it the special 
properties of chrome tungsten steels are probably 
due. These latter (as well as chrome molyb- 
denum steels), containing up to 3 p.c. chromium 
and 16 p.c. tungsten, are used for the manu- 
facture of machine tools. Cobalt is frequently 
added to both classes of tool steel. 

Detection of Chromium. When heated 
strongly, all compounds of chromium impart a 
green colour to a borax bead in both the reduc- 
ing and oxidising tlames. On ignition with 
potassium nitrate, all chromium compounds pro- 
'duce a yellow colour, due to the presence of 
potassium chromate. If this is dissolved m 
water, the addition of a solution of lead acetate 
produces a precipitate of chrome yellow. A 
similar oxidation occurs when chromium com- 
pounds are fused with sodium peroxide, or when 
solutions of chromium salts are boiled with 
sodium peroxide. A delicate test for a soluble 
chromate is to add excess of hydrogen peroxide 
to a little of the solution in a test tube and shake 
up with a few c e. of ether ; a blue colouration 
indicates chromium. (Set under Pei chromic 
acid.) 

Solutions of* chromic salts or salts of ses- 
quioxido of chromium have an acid reaction. 
With caustic alkalis they produce a green pre- 
cipitate of hydrated oxide paitially soluble m 
excess of the reagent, but reprecipitated on 
boiling the solution. With carbonates, a green 
precipitate is produced, likewise soluble in 
excess. 

Chromates (in which the chromium exists as 
an acid) are usually strongly coloured. Soluble 
chromates are reduced, when warmed with sul- 
phuric acid and a reducing agent such as alcohol, 
with the production of a green colour. The 
chromium is then present as a base, and may 
be precipitated, as already mentioned. When 
heated with hydrochloric! acid, they are partially 
reduced, with evolution of chlorine and formation 
of chromium chloride and chloride of the metal 
present as chromate, together with the forma- 
tion of chromyl chloride Cr(),Cl 2 . 

Solutions of chromates containing no free 
acid except acetic acid give a yellow precipitate 
with a salt of lead, a red precipitate with silver 
nitrate, and a yellow precipitate with a salt of 
barium. 

Estimation . — When present as a base, chro- 
mium is usually estimated as scsquioxide Cr 2 0 3 . 
For this purpose, the solution is heated nearly to 
boiling, ammonia solution added in slight excess, 
and the temperature maintained until the liquid 
is perfectly colourless, indicating that the 
hydroxide, which is slightly soluble in excess of 
ammonia, is completely precipitated. The pre- 
cipitate is well washed by decantation and trans- 
ferred to a filter, washed thoroughly with hot 
water, dried, and ignited. The oxide produced 


contains 68*63 p.o. of chromium. The precipita- 
tion is not complete in presence of organic matter, 
and when a glass vessel is used, the precipitate 
always contains a small percentage of silica. 
Chromium, when present as a chromate, cannot 
be estimated directly by that method. It re- 
quires to be first reduced to a base. For this 
purpose, hydrochloric acid and a small quantity 
of alcohol are added, and the solution heated 
until the odour of alcohol is dispelled. The 
chromium may then be precipitated as above. 
For the direct estimation of chromium in chro- 
mates, the precipitation with lead acetate is 
most satisfactory. The solution is mixed with 
sodium acetate and acidified strongly with acetic 
acid. A solution of normal lead acetate is then 
added, and the precipitate of I'bCr0 4 is collected 
on a weighed filter, washed, dried at 100°, and 
weighed Jt contains 16*19 p.c. of chromium, or 
31*06 p.c. of chromic anhydride 0r0 3 . Or the 
precipitate may be dissolved in well-cooled dilute 
hydrochloric acid (1 of H01 to 3H 2 0) potassium 
iodide added and the liberated iodine titrated 
with N/10 sodium thiosulphate. The following 
scheme may lx; adopted for the estimation of 
chromium in chrome iron ore : A few gramH of 
the carefully sampled mineral arc ground m an 
agate mortar and passed through a fine muslin 
sieve. The dust so produced is further ground 
in small portions until all gnttiness, on passing 
a little between the lingers, has disappeared and 
the ore cakes as an impalpable powder round tho 
pestle. About 0*6 gram of the powder is weighed 
into a platinum crucible of about 50 c.c. capacity, 
covered with twelve times its weight of recently 
fused hydrogen potassium sulphate (potassium 
bisulphate), and gently heated to just fuse the 
sulphate. After keeping at this temperature for 
15 or 20 mimff.es, the heat is gradually increased 
until the crucible bottom becomes red hot. The 
fused mass should not be allowed to rise above 
half-way up the crucible. The mixture soon 
fuses quietly, and evolves dense fumes of 
sulphuric acid ; the heat is gradually increased 
to bright redness. Jn about half an hour, 6 parts 
of powdered anhydrous sodium carbonate §re 
added and the mixture again fused for an hour 
at a red heat, 6 parts of nitre being added in 
small portions. The temperature is then raised 
to a full red heat for about 20 minutes ; the 
crucible cooled and transferred to a porcelain 
basin where the mass is boiled out with water. 
The solution is filtered, and the residue washed 
with hot water until the filtrate comes through 
colourless. The filter and its contents are dried, 
the precipitate detached and placed with that 
still remaining in the basin, the filter paper 
burned, and the ash also added. To ascertain 
if the fusion has been satisfactory, this residue is 
digested with moderately strong hydrochloric 
acid, when tho whole should dissolve. Any in- 
soluble black residue indicates either imperfect 
grinding or insufficient fusion. It must be col- 
lected on a filter, dried, and the whole ignited in 
a crucible and treated with potassium bisulphate, 
&c., as in the first instance. The aqueous ex- 
tract, after fusion, is mixed with the main solu- 
tion. To the liquid, a few grams of ammonium 
nitrate are added, and the whole evaporated to 
dryness, taken up with water, and filtered from 
the alumina, silica, &c ., into a porcelain basin. 
An excess of sulphurous aeid solution is then 
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added, and the solution heated until that gas is 
nearly expelled. The chromate, having thus 
become reduced to chromium sulphate, a slight 
exoess of ammonia is added, and the solution 
boiled until colourless. The precipitated chro- 
mium hydroxide is washed by decantation with 
hot water, transferred to the filter, and washed 
with hot water six times. The use of the suction 
pump is of great assistance in this operation. The 
precipitate and filter are then dried, transferred 
to a weighed platinum crucible, and heated 
gently until the paper is eharred The erueible 
lid is then placed at the edge ol the erueible so 
that the flame may reverberate into the erueible, 
and the whole ignited strongly for 10 or 15 
minutes. The weighed precipitate should show 
no yellowish colour on treatment with a few 
drops of water ; if such a colour is produced it 
indicates imperfect washing of the precipitate 
from alkali salts. The oxide contains 08-03 p.e. 
of chromium. 

The oxidation may also be effected by means 
of sodium peroxide, and the chromate pro- 
duced, instead of being reduced to chromic oxide, 
may be estimated as chromic acid volumetneally. 
For this, various methods urc available, e.g : (1) 
boiling with standard arsenious oxide and esti- 
mating the excess by standard iodine ; (2) 

adding potassium iodide and titrating iodine 
liberated by standard thiosulphate ; (3) addmg 
standard ferrous ammonium sulphate solution 
and titrating excess with standard potassium 
diehromate. 

A speedy and accurate method for the esti- 
mation of chromium in ferrochrome or chromite, 
is the following : 1 part, of the ore is finely 

powdered, as described above, and fused with a 
mixture of 5 parts of sodium peroxide and 8 parts 
of caustic soda in a silver crucible. The aqueous 
extract is filtered and again similarly treated ; 
throe or four such fusions arc necessary to dis- 
solve all the ore, when the only residue is a little 
silver extracted from the ciucible. The filtrate 
is acidified with sulphuric acid, boiled for 40 
minutes and diluted to a known volume An 
aliquot part is then titrated with potassium 
iodide and standard sodium thiosulphate;. 

Chromates may also lx; readily estimated in 
acid solution by hydrazine sulphate, whereby 
nitrogen is liberated, 100 e.e. of nitrogen at 
N.T.P. being equivalent to 0-59570 gram Cr. 

Compounds of Chromium. 

Chromium forms a number of oxides ; of 
those, chromous oxide Cr(), and chromic oxide or 
chromium sesquioxide Cr,0 3 , are definite; basic 
oxides, yielding with acids salts in which chro- 
mium is present as a divalent or trivalent cation, 
forming the chromous and the chromic salts. 
Chromic oxide can also combine with bases to 
form salts, the chromites, of the type MCr0 2 , in 
which the chromium is present in the monovalent 
anion CrOC. Chromic anhydride Cr0 3 is an acid 
anhydride forming, with bases, salts of the type 
M 2 Cr0 4 , the chromates, or M 2 Cr 2 0 7 , the di- 
chromates, in which the chromium exists as the 
divalent anion (JrO" 4 or Cr s O" 7 . Other oxides 
have been prepared and are usually regarded as 
compounds of the basic and acid oxides, e.g. 
Ci\ 0 ;1 *CrO 3 = chromic chromate. The chromous 
salts are of no industrial importance at present. 

The salts of chromium are coloured shades of 


violet or green ; all solutions of violet chromium 
salts show similar absorption towards light; 
Bpectrum due therefore to the chromium ion. 
In solutions of green complex salts the absorp- 
tion band and limit of complete absorption are 
both shifted towards the red end of the spectrum. 

Chromous oxide, CrO, is most con- 
veniently prepared by the action of dilute 
nitric acid on chromium amalgam which dis- 
solves the mercury leaving chromous oxide os 
a black powder. 

Chromous salts. Traube & Goodson (Ber. 
1916, 1679) have prepared chromous salts by 
the electrolytic reduction of the corresponding 
chromic salts as a cathode of pure lead. The 
most favourable conditions for the reduction 
of violet chromic salts are m moderately acid 
concentrated solutions with a current density 
of 2 5 amps, per square decimetre. The more 
common green salts can be used in more con- 
centrated solutions, but require a greater density 
of current. 

Chromous salts are gradually oxidised in 
acid solution with the liberation of hydrogen, 
thus2Crt) | H 3 t)=Cr 2 () 3 +B 2 . They aro on this 
account able to reduce compounds with double 
or triple liuUmgs in the presence of water. 
Acetylene is thus reduced to ethylene, but not 
to ethane. Nitrous oxide in the presence of alkali 
hydroxide is reduced to nitiogcn. Nitric acid 
and hydioxylammc are reduced quantitatively 
to ammonia (Ber. 1916, 1692). Chromous salts 
from stable double compounds with hydrazine 
salts and may be precipitated from cliromous 
acetate dissolved in air free water, covored with 
petroleum other. Chromous di-hydrazmo chloride 
CrCl 2 2N 2 Il 4 is a blue-coloured pbwder sparingly 
soluble m water. 

Chromic oxide, Chromium sesquioxide Cr 2 0 3 . 
This compound is produced by the oxidation 
of metallic chromium and by ignition of chromic 
hydroxide, chromic anhydride, and certain 
chomates. 

Wohler prepared this oxide in fine, small 
rhorabohedral crystals by passing the vapour 
of ehromyl diehloride through a tube heated to 
rednesH. The crystals aie lsomorphous with 
corundum and of equal hardness ; their sp.gr. is 
5-21. Crystalline chromic oxide is also obtained 
whon a mixture of potassium diehromate and 
sodium chloride is" healed to redness (Ditto, 
Compt. rend. 134, 336). The finest coloured 
amorphous chromium oxide is produced by heat- 
ing mercurous chromate Hg 2 CrU 4 in a covored 
crucible ; mercury and oxygen escape, and the 
oxide remains as a green powder. For the 
preparation of this substance on the large scale, 
a great number of methods are recommended. 

Boil a solution of potassium dichrbmatc with 
half its weight of flowers of sulphur so long as 
the green hydroxide is precipitated. The addi- 
tion of a little potash solution, by forming 
potassium sulphide, accelerates the decomposi- 
tion. The precipitate is filtered from the 
solution containing potassium sulphate, and 
washed. The sulphur retained in the precipitate 
may be removed by heating. Instead of 
performing the reaction in the wet way, the 
mixture may be ignited in a crucible, and the 
resultant mass digested with water (Lassaigne, 
Ann, Chim. Phvs. [3] 14, 299). W6hler (Pogg. 
Ann. 10, 46) heats a mixture of potassium 
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dichromate with its own weight of ammonium 
chloride and a small quantity of sodium car- 
bonate, and purifies the residue by washing. 

According to Barian (Rev. Scient. 20, 425), a 
very pure colour, suitable for colouring fine por- 
celain, is produced by igniting in a crucible a 
mixture or 4 parts of potassium chromate and 
1 part of starch. The mass is washed free from 
potassium carbonate and re-ignited. 

Chromic sesquioxide is a green pigment of 
great permanence. It is not acted upon by 
chlorine or sulphur gases or by an intense heat. 
It melts at 1900°, and crystallises on cooling. 

Chromium hydroxide Cr 4 (011) h 0 a , 10H 2 () or 
Cr 4 (OH), 0 O, 9H a () (.Jovitsohitsch. Reid. Chim. 
Acta, 1920, 3, 46) absorbs carbon dioxide from the 
atmosphere until saturation limit is reached. The 
compound appears to be (!(> 3 |(’r(0H) 6 )s,,8H 2 0 or 

OH OR ) 5 0 -U, 9H 8 0 ( J' ovitsohitsch) i t can 
be dried at 100° without losing CO„ which is, how- 
ever, liberated by acidH. (Oompt. rend. 1 58, 782. ) 

Hydrogen and carbon monoxide are without 
action, but it is reduced to the metallic state on 
heating with carbon at a temperature of 1185° 
or higher. 

This oxide is largely used under tlio names 
chrome green (mixtures of chrome yellow and 
Prussian blue are also frequently called chrome, 
greens and must not be confounded with the 
true chrome green), and ultramarine green for 
imparting a green colour to glass, porcelam, &o. 
It is used for producing the chronic red glaze 
in ceramic ware, as a pigment, m oil and water 
colours and in printing, and as a mordant in 
calico-printing and dyeing. Certain hydrated i 
oxides are also used under various names ; their 
colours are, generally speaking, brighter than 
that of the anhydrous oxide, but they usually 
contain small quantities of other substances 
besides the oxide and water. 

Quiqnet’s Green ; Pennettier's Green ; Emerald 
Green; Veridian Cr 4 Oj(()lJ) # . This pigment 
appears to bo identical with that formerly 
manufactured in secret by Penncttier. Accord- 
ing to Guignet’s method, 3 parts of boric acid 
and 1 part of potassium dichromato are heated 
to dull redness m a reverberatory furnace. The 
mass swells up, evolves oxygen, and becomes of 
a lino groon colour ; it contains the borates of 
potassium and chromium, or a double borate 
of those two metals. It is boiled with water, 
whereby the borate of chromium is decomposed 
into boric acid and hydrated chromium sesqui- 
oxide, potassium borate also remaining in solu- 
tion. The precipitate is woll washed, dried, and 
finely ground. It usually contains borio acid 
even after thorough washing. The washings and 
mother liqiiors are evaporated for the recovery 
of the boric acid. 

According to the Chem. Zeit. 9, 861, the pro- 
cess now used on the large scale is as follows : 
The boric acid is first purified by solution in hot 
water, treated with animal charcoal, and re- 
crystallised. The crystals are dried in a centri- 1 
fugal machine. The mother liquor may be 
employed three or four times for recrystallisation 
of fresh portions of acid, but beoomes then too 
impure for further use. Eight parts of potas- 
sium dichromate and 3 parts of purified boric 
acid are ground into a stiff paste with water, and 
[.the mixture in charges of about 1 cwt. is heated 
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to dull redness for about 4 hours in a reverbera- 
tory furnace. The fused mass is thrown into 
water, and washed repeatedly by deoantation ; 
the pigment is ground while wet, again washed, 
filtered, and dried. The first two washings con- 
tain considerable quantities of potassium borate, 
which is recovered by evaporating in leaden 
pans, adding hydrochlorio acid and allowing the 
boric acid formed to crystallise. The mother 
liquor is further evaporated and crystallised. 
The crystals aro rodissolved, the lead (from the 
pans) precipitated by hydrogen sulphide, and 
the filtrate recrystal lined. In this manner, from 
70 to 76 p.e. of the boric acid is recovered. 

Guignot’s green is the most permanent green 
pigment known ; it is unacted upon by light oi 
concentrated boiling alkalis ; it is not affeoted 
by aculs in the cold, but hot hydrochloric acid 
slowly dissolves it. When heated to 200° it 
becomes anhydrous. It is a fine green pig- 
ment largely used for tho same purposes as tne 
ordinary oxide. It may be used in place of the 
dangerous arsenical greens. It possesses good 
covering powor, and can be mixod with other 
pigments without alteration. When mixed witli 
lead chromate, it is employed for the produc- 
tion of a pale-green colour in landscape painting. 

Other chrome greens are obtained by the use 
of sodium phosphate. These always contain 
some phosphoric acid. They are, however, not 
as brilliant as the oxide chrome greenB. Various 
methods of preparation are employed. Amaudon 
dissolves ammonium phosphate with slight 
excess of potassium dichromate in a little 
boiling water, evaporates until mass solidifies 
on cooling, heats at 80° and later at 200°, 
washes with hot water, dries and powders. 
Another method consists in boiling a solution 
of 10 lbs. potassium dichromate with 18 lbs. 
sodium phosphate, adding 10 lbs. sodium thio- 
sulphate and a little hydrochloric acid, and 
boiling until precipitation is complete. Tho 
precipitate is washed, ground, and dried. 

According to Bong (Ber. 29, 201), a blue pig- 
ment, retaining its colour at high tomporatures, 
suitable for colouring porcelain, &o., is produced 
by igniting strongly, in the air, an intimate mix- 
ture of 5 parts boric acid, 15 parts alumina, 
20 parts magnesium carbonate, and 2 parts 
barium cho'rmate. 

Chromyl dichloride CrO s Cl 2 . Moissan (Compt. 
rend. 98, 1581) prepared chromyl chloride oy 
treating dry chromic anhydride with hydrochloric 
acid gas. , It forms at the ordinary temperature 
but the action is accelerated by heating. It 
may also be made by distilling potassium 
bichromate (3 parts), common salt (3 parts) with 
sulphuric acid (9 parts) in an atmosphere of 
carbon- dioxide. The corresponding bromide 
and iodide cannot be made bv this method, but 
the fluoride can, the formula for the latter being 
Cr0 2 E a (Gazz. chim. ital. 16, 218). Low and 
Ppkin (Chem. Soc. Trans. 1907, 191) found that 
tne best way of preparing this compound is to 
dissolve chromic anhydride (50 grt-ms) in strong 
hydrochlorio acid (170 c.c.) to which is added 
100 c.c. of strong sulphuric acid, 20 c.c. at a 
time. Chromyl chloride sinks as a red liquid and 
may be separated in a tap funnel. B.p. at 760 
mm. is 116*63° m.p. —96*5°, ±0 6°. It is a deep 
red liquid resembling bromine, D 4 ~* 7 2*0628- 
2-0515, I) 4 ° 1*9591-1*9582, I> 4 18 I *9124-1 *91 13. 
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Its vapour is not dissociated at 181° C. When 
heated in a closed tube to 180°- 190° trichromyl 
chloride (Cr0 2 ) 3 Cl 2 is formod. It is a black 
non-crystalline powder deliquescing in air. 
Chrorayl diohloride combines with phosphorus 
trichloride in carbon tetrachloride solution to 
form CrOCl,P()Cl 3 . 

Chromic chloride CrCl 3 or 0*01,. The 
anhydrous chloride is obtained by heating a mix- 
ture of carbon and chromium sesquioxide in a 
ourrent of chlorine. It can be also conveniently 
prepared by Burton's method (Compt. rend. 
148, 170) by passing the vapour of sulphur 
chloride, b.p. 137-90, over the oxido gradually 
raised to a red heat. It forms pale-violet scales 
of sp.gr. 3 03 ; it is almost insoluble in water, 
but dissolves readily, being transformed to tho 
green variety ( v . infra), if only a minute trace 
of ehromouB chloride (1 m 20,000) is present. 
Chromic chloride may bo prepared in solution by 
dissolving the hydroxide in hydrochloric acid. 
It forms two isornorphous hexahydrated salts 
(CrCl 3 ,()H,0), one blue and the other green, and 
also a tetrahydrato and a dccahydrate. Tho 
blue hexahydrate, when dissolved m water, 
appoars to give the ions | Cr(Otl 2 ) fl ] / " and 3( 'Y, all 
the chlorine being precipitated by silver nitrato ; 
tho green salt, however, at first forms the ions 
(Cr(C)H 2 ) 4 01 2> 2H 2 ()| and Cl', only $ its chlorine 
being immediately precipitated (Werner and 
Gubser, Ber. 1901, 34, 1579). In calico-printing 
a neutral solution of chromic chloride, prepared 
from potassium dichromate, is frequently used. 
The following method is recommended by Do 
Karrur : Dissolve 9 lbs. of potassium dichromate 
in 5 gallons of boiling water. Prepare also a 
solution of 9 to 11 ll>s. of white arsenic in 24 
gallons of boiling water, and mix, with constant 
stirring, with the solution of dichromato. A 
greenish precipitate of chromic hydroxide soon 
separates ; it is cooled, filtered, and washed with 
boiling water. The precipitate is added m 
portions to a solution of hydrochloric acid 
(diluted until it no longer fumes), with constant 
stirring, until a portion remains undissolved. A 
solution of soda is then addod and well mixed, 
until the hydroxide begins to precipitate. The 
dark-groen solution, being thus neutralised, is 
evaporated to 40° B. and is ready for use. A 
basic chloride CrCl(OH) 2 is also employed as a 
mordant for silk and cotton. 

Chromic fluoride CrF 3 ,4H 2 0. This product 
is used in tho printing and dyeing of woollen 
goods. It is a fine crystalline green, powder, 
very soluble in water, it has a corroding action 
on glass, and is therefore host kept in lead or 
wooden vessels. It may be used as a mordant 
with both vegetable and animal fabrics, and is 
often employed in the place of acetate or nitrate 
of chromium for printing, and in general gives 
finer results. Alizarin dyes, eocruleln, galloin, 
&o., and logwood extracts, are fixed as perfectly 
as with acetate of chromium. One advantage 
in using it is that it is solid. It has no injurious 
offeet on the pile, and is often used in place of 
chromates where the oxidising action of these 
is injurious, especially with wools. Chromium 
silico fluoride, prepared by dissolving the oxide 
in hydrofluosilicic acid, has also been used in 
dyeing and printing in place of the fluoride, and 
is staled to give better results. 

Chromium nitrate. By dissolving strongly 


heated chromic oxide in hot concentrated nitric 
aoid of I). 1 ’4 a solution is obtained from whioh 
the hydrate Cr 2 (N0 3 ) *1511,0 crystallises oq 
cooling in the form of dark brown prisms 
[a:6:c=l;4250: 1 : M158, 0=93° 10']. In 
contact with dry air the crystals lose fiH.O with 
the formation of the grey coloured hydrate 
0r 2 (N0,) 6 ,9H 2 0 (Monatsh. 33, 9). 

Chromium phosphate, formed by mixing 
cold solutions of chromic alum and disodium 
hydrogen phosphate, is a violet amorphous 
solid, which in contact with water becomes 
crystalline and has the composition CrP0 4 ,6H 2 0. 
On boiling with water it is converted into the 
green crystalline hydrate 0rR0 4 ,4H 2 0. On 
further heating it loses two molecules and is 
converted into the dihydrate. When heated 
to low redness tho phosphate becomes anhydrous 
and forms a black powder (Joseph <fe Ran, Chom. 
Soe. Trans. 1917, 111, 100). 

Chromium phosphides. Whim finely divided 
chromium, prepared from amalgam, is heated 
with red phosphorus in a sealed exhausted tube 
the phosphide 0 2 P -t is obtained. This on heat- 
ing m hydrogen to 440° is converted to (!rP. 
Both phosphides aro grey and insoluble in adds. 

Chromium arsenides. When finely divided 
chromium is heated with an excess of arsenic 
in a sealed exhausted tube, the product powdered 
and again heated, the grey arsenide (1r 2 As 3 ,D;J a 
(» 2 is obtained. When heated in hydrogen at 
480"-500° a second arsenide t'rAs is obtained 
D]° 0 35. Both compounds are insoluble in 
acids. (Zeitseh. anorg. Chem. 8fi, 291.) 

Chromium sulphates. These are prepared by 
the solution of the hydroxide in sulphuric 
acid. It yields a bluish- violet solution, which, 
on boiling, becomes green. The experiments of 
Recoura have shown that numbers of compounds 
of different constitution exist both in the violet 
and green varieties, but they are not of com- 
mercial interest. (If. Colson, Compt. rend. 1907, 
144, 79, 201); Scneehal, ibid. 1914, 159, 243. 
The double sulphates of chromium and potas- 
sium, sodium and ammonium, are, however, of 
importance. These are known as chrome alums ; 
they crystallise m fine octahedral crystals con- 
taining 24 molecules of water isornorphous with 
those of ordinary alum, and of corresponding 
composition. 

Potassium chrome alum, Chrome alum 
Cr 2 (S0 4 ) a -K 2 S0 4 ,24H a 0 

This substance may be prepared by mixing solu- 
tions of chromic sulphate and potassium sulphate 
in molecular proportions, or more conveniently 
by the reduction of potassium dichromate in 
sulphuric acid solution. 

Tho best method is to add 5 parts of strong 
sulphuric, acid to a solution of 3 parts potassium 
dichromate in 30 parts of water with the addition 
of a reducing agent, preferably a current of sul- 
phur dioxide : 

K.,Cr 2 0 7 +H,S0 4 +3S0 2 +24H 2 0 

=K 2 S0 4 -Cr a (S0 4 ) 8 ,24H a 0+r 

When tho sulphur * dioxide is substitute/ 
other reducing agents, such as alcohol, aK 
quantity of sulphuric acid is required. * ■> 

Chrome alum is obtained in large qir 
as a by-product from the oxidation of/ 
substances by a mixture of 
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diehromate and sulphuric acid, as in the oxidation 
of anthracene to alizarin, in the manufacture of 
aniline violet, &c. 

Pure crystallisable violet chrome alum is 
prepared by the electrolysis of a solution of 
potassium dichromate mixed with sulphuric acid. 
The liquor is circulated in the cathode compart- 
ment which is separated from the anode by a 
porous vessel. The cathode is- preforably of 
carbon. Dilute sulphuric acid is circulated in 
the anode compartment and the anode may bo 
copper with copper turnings to utilise the 8() a 
ions. (Inter. Cong. 1912.) 

Jt crystallises in fine (lark-purple octahedra, 
especially in presence of excess of acid, is soluble 
in 7 parts of cold water, forming a reddish-blue 
solution, which, when heated to about 70°, be- 
comes green. It returns to its original colour 
after standing some weeks. 

When heated to 25°-30°, the crystals lose 
half their water and become lilac-coloured ; 
at 100° a further quantity of water escapes and 
the crystals turn green ; at. 350° tiny become 
anhydroub, but are still soluble m water; at a 
temperature slightly above 3f>0° they become 
greenish -yellow, insoluble in water (Lowe), and 
only slowly soluble in acids. The green salt 
only contains J| of the S() 4 as an acid ion, 
and is probably a sulphate of a sulphoehromyl 
hydroxide, Dor these compounds, reference 
should be math' to the extensive researches of 
Recoura (Ann. (Hum Pliys [7 1, 4, 494). 

Chrome alum is used in dyeing, calico print- 
ing, and tanning. 


perchlorates are known [Cr(H a 0),XC10 4 )j and 
[CrfH a 0) a ](C10 4 ) 8 ,3H a 0. Both salts are green. 
No flodium-chromi-perchlorate exists. 

Chromic anhydride, Chromic acid Cr0 8 . 
This important oxide is best prepared by the de* 
composition of a chromate by sulphurio acid. 
A cold saturated solution of potassium chromate 
is added to from 1 to 1(1 parts of concentrated 
sulphuric aoid, with constant stirring. On cool- 
ing, if the acid used be strong enough, crimson 
crystals of chromic anhydride separate ; if neces- 
sary, the solution is evaporated until the crystals 
are formed on cooling. The liquid is poured off 
and the crystals drained on porous tiles or 
pressed between porous plates. They may be 
recrystalhsed by dissolving in water and evapo- 
rating to a syrup. The excess of sulphuric acid 
may be removed by the cautious addition of 
barium chromate to the solution of the crystals, 
or the crystals may be gently fused, when the 
heavier oxide sinks to the bottom of the vessel 
and the sulphuric acid above slowly evaporates. 
The mother liquors from the chromic anhydride 
are used for a fresh preparation until the per- 
centage of potassium sulphate becomes excessive; 
they are then precipitated by the addition of lead 
acetate with the production of a light-coloured 
1 chrome yellow ’ containing much load sulphate. 

According to Zottnow (Pogg. Ann. 143, 468), 
the largest yield is obtained as follows : 300 
grams of potassium diohromato are dissolved in 
500 e.e. of water, and 400 e e. of strong sulphurio 
acid are added. The mixture is allowed to stand 
for 10 or 12 hours, the solution decanted from 


Sodium chromealumNa J .S() 4 , ('i ,(iS0 4 ) a ,24H. i! 0 j the deposited crystals of potassium sulphate, and 
corresponds to the potassium salt, but is more j heated to 80° or 90°; 150 c.e. of sulphuric aoid 
soluble in water. * are then added, followed by sufficient water to 

Ammonium chrome alum redissolvo the chromic anhydrido at first de- 

(NI3 ),NO *(!r (80 ) 24TI.O posited, and the solution evaporated until the 

v 4 2 * i,iJ 1 oxide commences to crystallise. The mixture 

is prepared like the preceding alums It is less ih allowed to stand for 12 hours, decanted from 
solublo in wafer than potassium chrome alum, the crystals, and evaporated with the production 
It melts at 100°. of a second and third crop of crystals. The 

Chromium chlorate (!r 2 (riO a ) 3 is used to crystals are drained, introduced into a crucible, 
somo extent in calico printing ( Despierres and mixed thoroughly with 50 c.c. of nitric acid of 
others, Dingl. poly. .1. 228, 260-263), and for not less than 1*46 sp.gr. (weaker acid would dis- 
inoreasing the permanence of amJme black. It solve the crystals) and drained for some hours 
may be prepared by the addition of a solution of on a tile. The operation is repeated if necessary 
potassium chlorate to chrome alum or by the with 25 c.c. of nitric acid. The whole of the 
addition of barium chlorate to a solution of sulphuric acid and sulphate having been thus 
chromium sulphate, the barium sulphate being removed, the crystals are heated on a sand-bath 
precipitated. According to Lauber and Wcinreb and the* nitric acid evaporated, or they may be 
N >ingl. poly. J. 257, 290), it is best prepared by heated to 80° in a current of air. In this manner, 
\ following process : Dissolve 60 parts of Zettnow .obtained from 85 to 90 p.c.* of the 
'me alum in 80 parts (by weight) of hot theoretical yield of pure dry chromic anhydride, 
add 20 parts of soda dissolved in 60 Duvilliers (Compt. rend. 76, 711) prepares 
of water, and wash the precipitated hy- this oxide by dissolving 100 parts of barium 
\ Redissolve the precipitate m 10 parts chromate in 100 parts of water and 140 parts of 
, dlplpiric aoid of 66°B., filter if necessary nitric acid of sp.gr. 1 *38 (40°B. ) and heating the 
12 parts of potassium chlorate dissolved solution until it becomes red. 200 parts of water 
V of water. The solution is ovapo- are then addod, and the whole boiled for 10 
V and the potassium sulphate crystal- minutes ; cooled, and the barium nitrate allowed 
he more soluble chromium chlorate tq crystallise out. The solution is decanted, 
potion. When heated at 100° it evaporated to the bulk occupied Ijy the original 
dities of chlorine and forms a amount of acid used, and a further crop of 
’1 containing chromic acid and crystals of barium nitrate removed. The solu- 
_ j , tion, which contains only about 1 part of barium 

- chlorate is obtained by die- nitrate for 200 parts of the anhydride, is evapo- 
# tfi&i in perchloric acid and rated nearly to dryness, a little water added, and 
^ion. It forms short green the evaporation repeated until all the nitrio aoid 
; and is very soluble in is driven off. The anhydride is then crystallised 
liim. 1913, 103). Two out and dried as usual. 
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Barium chromate is, digested for some time 
with about half the amount of dilute sulphuric 
acid requir^l for complete precipitation, with the 
production of chromic anhydride and barium 
dichromate and precipitation of barium sul- 
phate. Sufficient sulphuric acid is then added 
to just precipitate the barium, and the solution, 
which only contains chromic anhydride, is 
decanted from the precipitate and the solution 
evaporated (Meissner). According to (1. Watts, 
the barium chromate is best treated with excess 
of strong nitric acid, the precipitated chromic 
oxide filtered through asbestos, and the nitric 
acid driven off by heat. 

Chromic anhydride is a powerfully acid sub- 
stance crystallising in scarlet rhombic prismatic 
needles of sp.gr. 2 788 (Zettnow) They melt at 
193° without decomposition, and the melted 
mass exhibits supercooling ; at higher tempera- 
tures oxygen is evolved together with red vapours, 
probably 0r0 3 . 

When heated to 250° they decompose into 
chromium chromate (>0 il -(h , ! ,0 3 (=3Cr0 i ,, also 
known as chromium dioxide) with evolution 
of oxygen Above that temperature, tho 
whole is converted into chromium sesquioxide 
The perfectly dry anhydride, when heated to 
120° in maid, slowly volatilises and condenses 
in red needles (Arctowski). By the action of 
light on a solution of this oxide, oxygen is 
evolved and chromium chromate precipitated 
as a brown powder. 

Chromic anhydride is very soluble m water. 
100 parts of water, at 20°, dissolve 02 parte 
of the oxide The aqueous solution contains 
Cr a ()/ions, with a small proportion of Cr0 4 " ions. 
Those ions are capable of transformation by the 
action of acids or alkalis, as indicated by the 
equations : 

(1) Or 2 0;'-f2HO'^2CiO / '+lU) 

(2) 2(JrO"+2H^Cr a O; / I H ,0 

Datta & Dhar (J. Amor. Chem Sue. 1910, 

38. 1303), from a study of the molecular solution 
volumes and molecular refractivities of chromic 
acid, potassium chromate and potassium dichro 
mate, conclude that the formula of chromic acid 
is H 2 Cr a O, and not H 2 Cr() 4 . 

It dissolves m acetic acid or ether without de- 
composition ; is almost insoluble in sulphuric acid 
of 1-77 sp.gr , hut dissolves in stronger or weaker 
acid ; is insoluble in nitric acid of sp gr. 1 *46. 

Chromic anhydride is a powerful oxidising 
agent. 1 Warm anhydrous alcohol inflames when 
dropped upon it, and even dry ammonia gas is 
oxidised with production of water and nitrogen. 
Addition of oxalic acid is sftid to increase its 
oxidising power. The. solution m water, sul- 
phuric acid, or acetic acid, is largely used as an 
oxidising agent in organic work. In most of 
these oxidations, precautions must be taken to 
moderate the velocity of the reaction. When 
acetic acid is used as the solvent, tho substance 
to be oxidised is usually dissolved in the same 
solvent and tfie oxidising solution slowly ad'ded, 
tho temperature being kept sufficiently low, i.e. 
seldom above 1 00°. Chromic acid, as an oxidising 
agent, has the advantage that the close of tho 
reaction is frequently indicated by a pure green 
colour in place of the brownish colour. 

It has the property of producing a per- 
manent yellow colour with silk or wool, but not 


with cotton. The chromium in such material may 
bo converted into lead chromate upon the fibre 
or further dyed by logwood, &c. Chromic anhy- 
dride usually contains sulphuric acid and sulphates 
or nitrates ; Moissan found 24 p.c. of sulphuric 
acid in samples of the commercial article. 

Chromates. All chromates are prepared, 
directly or indirectly, by the action of Oxidising 
agents upon chrome, iron ore or chromite FeO* 
Cr 2 O s . This important mineral is widely 
distributed and extensively mined. Large 
deposits are found in Now Caledonia, containing 
sometimes ft p.c. of chromium sesquioxide in a 
form soluble in acid, probably as chrome ochre. , 

Chromite belongs to the spinel group of 
minerals. It is lsomorphous with magnetic iron • 
ore Fe(>Fo 2 0.„ and may he considered as that 
substance in which the sesquioxide of iron is 
replaced by sesq uioxide of chromium. A portion 
of the chromium is usually replaced by alumin- 
ium, anil some of the iron by magnesium, though 
this is sometimes absent. The composition of 
chromite varies extremely ; an ore, containing 
ftO p.c of the sesquioxide, is of very good quality. 
Of seven samples from varying localities analysed 
by Clouet, the chromium sesquioxide present 
averaged 44 p.c. For analyses r. Ciikomitb. 

Chromite is black or brownish -black, and 
infusible before the blowpipe. It will scratch 
glass, but is itself scratched by a good steel knife. 

A scheme for the analysis of chromite has 
been given under the estimation of chromium. 

The chief use of chromite is as a refractory 
lining m steel or copper furnaces. Smaller 
amounts arc employed in the manufacture of 
chrome-steel alloys and of chromium compounds. 

Potassium chromates. Both the normal and 
acid chromates are of importance in the arts. 
The acid or dichromate, containing the larger 
proportions of the active constituent 0r(_) 3 , is 
generally prepared on the large scale. 

A great number of processes have been 
adopted for the treatment of chromite for this 
purpose ; they all depend upon tho oxidation of the 
chromium sesquioxide into chromic anhydride. 

The ore is heated to redness and plunged 
into cold water to facilitate the powdering, 
stamped, ground in a mill, and finely sifted. 

In former times, the ore was mixed with 
about two-fifths of its weight of potassium 
nitrate and ignited on tho bod of a reverberatory 
furnace, the oxygen required for the oxidation 
of the sesquioxide into the anhydride and tho 
potassium for its conversion into potassium 
chromate, being both provided by the nitrate. 

A great saving was introduced by the substitu- 
tion of atmospheric oxygen as the oxidising agent 
in place of the nitre, the potassium being supplied 
by potassium carbonate or, as proposed by Watt, 
by potassium sulphato. The latter salt is largely 
used where, os in Russia, the demand for potas- j 
sium sulphato is small, and hence this salt, pro-/ 
duood during the later conversion of the chromate/ 
to dichromate, is used to replace some of thr 
potassium carbonate. The mass, however, wa 
very liable to fuse and the heavy particles As 
ohromite to sink through the liquid and'esca/ / 
the action of tho blast. This difficulty V / 
overcome by Stromeyer, who introduced 1/ f 
into the mixture, thus rendering the mas! por / 
and non-fusible and much increasing the*ap/ / 
and completeness of the action. 
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Tilghmann (Patent 1847) makes use of fel- 
spar as the source of alkali. For this purpose, 
1 part of chrome ore is mixod with 4 parts of 
felspar* and 4 parts of lime or 7 parts of chalk. 
The mixture is heated to bright redness, but not 
to fusion, in a reverberatory furnace for about 
20 hours, with constant stirring. The chromate 
thus produced is removed as described later. 

The ore may also be mixed with potassium 
chloride, and heated to whiteness with frequent 
stirring while a current of superheated steam is 
passed over the mass ; the iron is stated to pass 
away almost entirely as chloride (Swindells, 
Chom. Gazz. 1851, 419). 

Jacquelain (Ann. Chim. Phys. [ 3 J 21, 478) 
prefers to produce calcium chromate in the 
furnace and to convert it subsequently into the 
required chromate by double decomposition. 
Ho thus avoids the loss of alkali always ex- 
perienced in tho ordinary process. The ore is 
finely -powdered, preferably levigated and dried 
before use, mixed ultimately with chalk in the 
roquired proportions, and heated to bright red- 
• noss on the Ibed of a reverberatory furnace for 
9 or 10 hours, with occasional starring (at least 
once an hour). Tho product is ground m a mill, 
suspended m hot water, and treated with sul- 
phuric acid until slightly acid ; calcium di- 
chromate is thus produced. A little chalk is 
stirred into tho solution to precipitate tho iron 
as oxide, and a solution of potassium carbonate 
or other salt, according to the chromate re- 
quired, is uaded. The calcium is thus precipi- 
tated as carbonate and the diehiomato required 
remains in solution. The solution may also be 
used directly for the production of chrome 
yellow, &c. 

According to Booth’s method (Pat. 1852, 
Dingl poly J 131, 137), the ore is mixed with 
one-fifth of its weight of charcoal or coal and 
ignited in a reverberatory furnace* like that used 
for puddling iron, out of contact with the air 
The product is thrown into vats, and the reduced 
iron dissolved out by dilute sulphuric acid, the 
residue being treated in the usual manner lor 
the production of chromates. Tho weight of oil 
of vitriol used, amounts to about two-thirds that 
of tho ore. It is stated that tho value of the 
ferrous sulphate obtained repays tho extra labour 
involved. 

Atchorley (Hoffman’s Ber. u Entw. (them. 
Ind. [1] 725) gives a description of tho manu- 
facture of potassium dichrornato as usually 
practised on the large scale, of which the folio w- 
ing-is an abstract : — 

The ore is stamped, ground in a mill, and 
gassed through a sieve of 80 meshes to the 

Potash lye is prepared by soaking 7 cwts. of 
burned limestone (containing bufflittle silica and 
magnesia) in a solution of 2J p.e. of potassium 
carbonate froe from chloride (which would hinder 
,the crystallisation of the product), dried, ignited, 
and powdered. 

Tt isthen mixed with cwts. of the ore, and 
spread In a layer 2 inches deep upon the pre- 
viously heated bed of a reverberatory furnace, 
at ihe end nearest the fire. The furnace is 
about 9 feet long and 6 feet broad. The heat 
is maintained at bright redness, and the mixture 
turned over every 15 minutes ; in about 2 hours 
It is, gradually pushed towards the farther end 
Vjol. 


of the furnace, and its place supplied by a fresh 
charge. The operation is completed in about 
4 hours, when the mass is greenish-yellow and 
oontains chromates of potassium and calcium, 
lime, potassium silicate, and ferric oxide. It is 
broken into coarse powder and lixiviated in 
wooden pans, placed steplike one above another, 
with a hot solution of potassium sulphate, which 
converts the calcium chromate into potassium 
chromate with precipitation of calcium sulphate. 
Tho bquid is allowed to run from one vat to 
another, until at last a saturated solution of 
potassium chromate is produced. This is run 
into a depositing vat lined with lead and treated 
with sufficient sulphuric acid and water to con- 
vert the normal salt into the dichromate, and 
the solution cooled. 

As tho solution of normal chromate was 
saturated and contained about 1 part of salt in 
2 parts of solution, tho dicliromate solution 
formed is supersaturated, that salt requiring 
nearly five times as much water for solution as 
tho normal chromate ; about three-quarters of 
the total amount m solution is thus deposited on 
cooling. Tho crystals are red issolved in sufficient 
water to form a solution of 1*120 sp.gr. and 
crystallised in deep iron pans at a temperature 
of 21°. 

The production of chromates is said to bo 
rendered easier by the addition of oxygen- 
carriers, such as manganates or oxides of copper 
or iron (J). R. P. 103814). A mothod de- 
pendent on tins, in which ferric oxide obtained 
by heating pyntes is used, is the following : 
240 parts chrome iron ore of 50 p.e , 170 parts 
sodium carbonate, and 150 parts ferric oxide, 
with, if desired, 50 to 80 parts lime, are intimately 
mixed, roasted, and lixiviated. The residue 
contains all the original feme oxide and may bo 
usod over again. The solution is concentrated 
and treated as usual. The action of the forric 
oxide ih regarded as duo to the production of an 
alkaline ferrite which becomes converted to the 
chromate and feme oxide (J. Soc. Chem. Ind. 
1895, 805). 

Chromates are also produced by mixing 
finely divided chrome iron ore with alkaline 
carbonates and roasting in an oxidising atmo- 
sphere m a revolving furnace at a temperature 
sufficient to keep the mass fluid ( National Electro- 
lytic Co. New York ; J. Soc Chem. Ind. 1908). 

Potassium chromate K ,Cr0 4 is prepared, as ! 
already described, from chrome ore. It may be 
produced by adding potassium hydroxide to 
a solution* of the dichromate. It crystallises 
in anhydrous yellow rhombic prisms isomor- 
phous with those of potassium sulphate, sp.gr. 

I 2*71 (Kopp). 100 parts of water dissolve of 
! potassium chromate 

at 0° 30° 60° 105*8° 

54*57 05 13 74*0 88*8 parts, 

105%° being tho boiling-pomt of tho saturated 
solution. The solution has a fine yellow colour 
of great tinctorial power ; a distinct yellow tinge 
is imparted by 1 part in 400,000 parts of water. 
It is insoluble in alcohol and ether, and is very 
poisonous, producing a condition resembling 
diabetes when administered by mouth or sub- 
cutaneously. It also produces slow-healing 
sores, especially among workers in chromate 
I factories. For these, a sodium bisulphite wash 

E 
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is efficacious. Such workers should pay atten- and the paper carrying this film is sensi- 
tion to constant washing of face, nose, and hands, tisod by floating on a solution of potassium 
anc ‘ | P ut: k 01 ' H are advised to wear respirators. dicliromate. On exposure under a negative, the 
When heated, it reddens and fuses without gelatine m those portions exposed to the light 
decomposition ; heated with reducing agents, becomes insoluble, and retains the pigment, 
such as sulphur, it is reduced to chromium while the portions protected by the darker parts 
scsquioxidc. 1 he addition of an acid, even of the negative are, almost unacted upon, and 
carbonic acid, determines the decomposition may be dissolved in warm water. In this 
into potassium dicliromate, as is indicated m manner, photographs of any downed colour, and 
the previous equations, and it is evident further , of great beauty and permanence, may be pro- 
that, oven when excess of acid is present, the i duced. Contact of the eliminated gelatine with 
solution still contains (JrO"ions The equations j the reduced silvei of an ordinary bromide print 
also indicate that a solution of potassium clno- j has a similar efioct, and bromide photographs 
main possesses an alkaline reaction ! may hence be copied by squeezing into contact 

2(' r ()' , + H o<r(_'r l ,0 // 4 2110' with a sensitised pigmented gelatine. After a 

4 i — > i! r ! tew minutes’ contact, the uurmenteri unwr u. 


Owing to the much smaller solubility of the 
dicliromate (4 (>4 parts at 0°), when the eliminate 
is crystallised some diehromate also separates 

It forms double salts with the chromates of j 
the alkaline earths and lead. 

Potassium chromate is not largely used, the | 
dicliromate, on account of its greater nehness | 
in chromic acid, being generally preferred. The ' 
general uses and oxidising pmperties, however, 
described under potassium diehromate, also 
apply to the normal chromate 

Potassium diehromate, generally known as 
'Bichromate,’ or ‘ Biehrome,’ KA This 
important salt is prepaied in large quantities 
by the methods already described. it may be 
made electrolytic-ally by the use- of a solution of 
potassium hydroxide, a cathode of pomus coppei 
oxide, and an anode of ferrochromc (50 p c ), 
winch has an E M F. of 2 volts . ferric oxide is 
also formed and precipitated (Lorenz, Zoitseh. 
anorg. (’hem 1896, 12, 300). Considerably over 
10,000 tons are annually produced in (treat 
Britain. 

It crystallises in anhydrous, line, red, square 
tables, derived fiom trielmio prisms, of spgr. 
2*092, and of intensely metallic, bitter taste;. 
They melt at about 400° (Tilden and Shen- 
stone), and resolidify on cooling without change. 
At bright redness, decomposition ensues, and 
the normal chromate and chromic sesquioxide 
result. Other chromates of composition, 
K 2 0r 3 () 10 and KX’qU,,, appear to exist in 
equilibrium with the solution with certain limits 
of concentration. 

100 parts of water dissolve at 0°, 4-04 parts ; 
at 30°, 18-13 parts ; at (30°, 45*44 parts : and at 
104 -8°, 108 '2 parts ; 104-8° being the boiling- 
point of the saturated solution (Kjppel and 
Blumenthal, l.c.). 

Potassium diehromate is used in the prepara- 
tion of all chrome pigments ; of ‘ discharge- ’ for 
Turkey red, &c. ; for the production of u large 
variety of colours m calico printing and dyeing ; 
in the manufacture of safety matches, &c. In 
■solution with sulphuric acid, it is used as a 
bleaching agent for tallow, palm oil, &c. ; m 
the oxidation of anthracene to alizarin, aiid in 
the manufacture of aniline violet and in many 
other organic oxidations. It is also used for 
tahning leather (v. Leather). 

When mixed with organic substances it is 
reduced on exposure to light ; gelatine under 
such circumstances is rendered insoluble. 
This reaction is taken advantage of in the 
* Carbon * process of photography. The gela- 
tine is mixed with a pigment of any colour, 


developed like a caibon print. The bromide 
has become bleached and reduced to silver, but 
can be redeveloped. The insoluble gelatine does 
not absorb water, but will take oil, which may lie 
mixed with any desired pigment, and tins forms 
the basis of the oil and burnt oil pun-esses. Cum, 
mixed with diehromate, is also made insoluble 
by exposure to light, and this jh made use of m 
photogiaphy m the gum diclnwialc pun-css (w. 
ITlOTU(lRArHY). 

Sodium chromates. The normal chromate 
NuA0 4 ,10U,() and the diehromate Na 2 Cr a 0 7 , 
211 2 0 are prepared by methods eoi responding to 
t hose used lor the potassium salts According to 
Nie. Walberg (Dmgl poly J 259, 188), they are 
prepared on the large scale as follow* : (> parts of 
powdered chrome ore (44 p c. Cr ,Uj) are mixed 
| with 3 parts soda ash (112 p.e. Na 2 C() 3 ) and 
3 parts of chalk, and ln-atcd in charges of 1 ton 
in a icverberatoiy furnace for 8 hours. The 
mass is lixiviated to produce a solution of 45°Ii , 
boiled down to 52“ B , and allowed to crystallise 
in leaden pans The crystals are first dried by 
a centrifugal hum. June, and finally heated to 
30° in a drying (ham her, where they crumble 
to a yellow anhydious powder containing about 
90 p c of the normal eliioinate. 

For the production of dichi ornate, these 
crystals are dissolved to a solution of 40 C, B. and 
treated with sufficient chamber acid to determine 
the conversion into the diehromate, the right 
point being found by potassium lodrdo and starch 
paper. Sufficient neutral sodium chromate is 
then added to bring the percentage of Cr0 3 .to 
about 72-5. Thy liquor is cooled in lead tanks 
to 1°, artificially if necessary, and the sodium 
sulphate crystallised out. The liquor is drained 
off, filtered if necessary, and evaporated to dry- 
ness in an iron pot, with constant stiiring. The 
residue is powdered while still hot. If the 
amount of Cr0 3 be allowed to exceed 72-5 p.c., 
the product is damp and cannot be stored 
m wooden casks An analysis of this sub- 
stance showed Cr() 3 * 72 3 ; Na.O, 2(3*20 : SO., 

1 40. 

Newer methods of manufacture are the treat- 
ment of the monochromate with ammonia, 
followed by carbonation and deposition of 
sodium bicarbonate ; the use of caustic alkali 
m the placo of alkali carbonate ; and the 
employment of only half the necessary sodium 
carbonate required to decompose the ore, the 
remainder being replaced by sodium sulphate, 
formed in the later stages of manufacture (Ulm, 
Chem. Zeit. 1914, 38, 670 : J. Soc. Chem. Ind. 
1914, 33, 917). 
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Normal socHum chromate forms fine large 
efflorescent crystals of tho composition 

Na 2 Cr0 4 ,10H 2 0 

isomorphous with Glauber's salt. Unlike potas- 
sium chromate, it is less soluble than the 
dichromate ; it is, however, more soluble than 
potassium chromate, 100 parts of water at 30° , 
dissolving 87'3fi parts of sodium chromate. j 
Other hydrates with (I and 4 mols. of 11/) 
are known. Their tiansition temperatures have ! 
been suggested! as convenient fixed points m ; 
thormomotry. (Richanls & Kelley, J. Amer. 1 
Ohem. Soc. 1011, 33, 847.) 

Sodium dichromate Na,(h\O 7 ,2U.,0 crystal- 
lises in thin, six sided prisms with bevelled , 
edges of a line hyacinth-rod colour, and is very 
Bolublo in water, 100 pails of water at 30° dis 
solving 197*6 parts of the salt. It is hence more 
than 10 times as soluble as potassium diehromafe, 
which frequently makes its use prefeiable to 
that of the potassium salt. 

Ammonium chromate and dichromate are 
prepared by mixing in proper pioportions solu-’ 
tions of ammonia and of cluomic acid. The di- 
chromate, on heating, yields nitrogen, water, and 
chromic oxide, and forms a corn enicnt method 
lor the preparation of nitrogen free from argon 
Lead chromates. The neuluU hud rhmnuitv 
Pb0r() 4 is best produced by the action of 
a solution of leacf acetate on a solution of a 
chromate. Thus produced, it is of a fine lemon- 
yellow colour, insoluble in water and dilute acids. 
Whim heated at 250°, it becomes l eddish- 
brown, at a highei temperature it fuses, and 
finally evolves oxygen with the formation of 
chromic sesquioxide and a basic lead chromate 
On account of this evolution of oxygen on heat- 
ing, this substance is frequently used in organic- 
analysis. 

Lead chromate is soluble m cold lime water 
or caustic alkali, but is unattached by hot June 
water. For this reason, m immersing calico 
coloured with chrome yellow in lime water, for 
the production of an orange colour, care should 
bo taken that the solution is hot 

When heated with caustic alkali, a portion of 
the chromic oxide is removed, with the pro- 
duction of a basic- lead chromate of colour 
varying from orange to vermilion. 

The normal chtomali is largely used as a 
pigment, and for calico printing, and is tho 
essential constituent of various chrome pig- 
ments as Chrome yellow. Pans yellow, Leijmr 
yellow. Tho name Cologne yellme was originally 
given to chrome yellow containing a mixture of 
lead chromate and lead sulphate, but the lattei 
compound is usually . present in pale yellows 
known commercially us ‘ pure ’ chrome yellows. 

Chrome yellows. The finest chrome yellow 
is produced by precipitation ; the lead acetate 
used should not oe basic, or the product will be 
of an orange colour ; the solution, should be 
dilute, and the lead salt should be in excess ; the 
presence of excess 6f chromate is liable to ‘ turn ’ 
the yellow — i.e. to produce an orange tinge. 
The substances used should bo comparatively 
pure. 

For the lighter yellows, the solution of 
chromate is mixed with an appropriate quantity 
of sulphuric acid, Glauber’s salts or alum 
(American chrome yellow), before precipitation ; 


the latter yields good colours but considerable 
care is required in the precipitation. The lead 
chromate is thus precipitated, together with any 
desired amount of sulphate, and the colour 
correspondingly lowored. Lor cheaper chromes, 
the colour is toned down by tho admixture of 
kaolin, barytes, gypsum or whiting, the finely 
powdered solid being ground with water and 
well mixed with water in the tank into which 
tho precipitating liquids are run (vide infra). 
Boutlmm Chatard gives the composition of 
ordinary Cologne yellow as Ca8() 4 , 60 p.c. ; 
m0 4 ,‘ 15 p.c ; rbCr() 4 , 25 p.c. 

Biot and Delisso first precipitate lead sul- 
phate from a solution of the acetate, and digest 
3 parts of tho washed precipitate with 1 part 
of normal potassium eliminate dissolved in hot 
[ water. The chromate is thus wholly converted 
into chrome yellow, mixed or perhajis combined 
with the lead sulphate, and a ‘ Cologne yellow ’ 
of good colour is produced. The colour is said 
to he equal to that obtained when double the 
quantity of chromate has been used. Tts cover- 
ing power is, however, stated to bo inferior to 
that of the precipitated yellow. 

Mdbauer & Kohn (Zeitsch. physikal Chem. 
1916, 91, 410) show that the reaction PbS0 4 
-4 -K^lSO PbCr( ) < -4-K 3 iS() 1 proceeds practi- 
cally completely in the direction of left to right. 
From determination of the stability it is shown 
that the solid phase Pb80 4 cannot exist in the 
presence of K 2 Cr0 4 K 2 iS0 4 ,PbCr() 4 , and that 
the existence of double salts is unlikely. The 
general results show that the manufacture of 
chrome yellows can be carried out from lead 
sulphate' and that various shades can be obtained 
by vatymg conditions, temperature, concen- 
tration and time. It follows also that an excess 
of lead oeetato should be used m the manufacture 
since this will secure the absence of K.,(’r() 4 which 
would otherwise rapidly convert the lead sul- 
phate necessary for the particular shade into 
chromate. 

Liebig uses for this purpose the lead sulphate 
obtained in dye works, &c., as a by-product. 
The pigment, on account of the basic character 
of the sulphate, is of an orange colour. 

Anthon substitutes load chloride for sul- 
phate, treating 100 parts of freshly precipitated 
chloride with 27 parts of dichromatc. 

The method usually adopted for production 
of chrome yellow is tho following : The two 
precipitating solutions are placed separately 
m wooden tanks, and heated by steam pipes. 
t The solutions are either filtered or allowed to 
| settle in the tanks and drawn off from above. 
They are run together into the precipitating, 
tank, which contains about 200 gallons. The 
chrome yellow is allowed to settle and the clear 
liquid drawn off ; more water is added, the 
whole thoroughly stirred and the process is 
repeated three or four times. The pigment is 
then put in a filter press and dried at as low a 
temperature as possible. 

According to the 'Textile Colourist, the pre- 
paration of chrome yellow is as follows : For 
the preparation of the lead acetate, four wooden 
tubs, 3 feet in diameter and 1£ feet high, are 
arranged one above another, so that the liquid 
may pass downwards from one to the other. 
They are filled with granulated lead, and strong 
wood vinegar poured on the uppermost ; after 
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remaining there lor a few minutes, it is run into 
the second, third, and fourth for an equal time. 
The surface of the lead is thus thoroughly acted 
upon, and becomes heated and oxidised by the 
air. The vinegar is then passed through a 
second time, remaining m each tub for an hour ; 
on leaving tho fourth tub, a saturated solution of 
acetate is produced. 

Bichrome is dissolved in 10 or 12 parts of 
water in steam-cased copper pans, and sufficient 
acetate added to just precipitate tho chromate 
completely. Tho precipitate is settled, washed 
by decantation, liltcred, and dried slowly on 
boards. The filtration should be performed as 
rapidly as possible, because tho pigment swells 
considerably while drying, and this should take 
place on the boards. 

By mixing some lead chromate with the 
lead acetate solution, a dark lemon colour is 
produced, and by the addition of caustic potash 
to the precipitate, a much redder pigment may 
be obtained. 

The chrome yellows, by mixture with 
Prussian blue, form greens known as ‘ Brunswick 
greens ’ and also tw ‘ chrome greens ’ (not the 
true chrome green , vide sup) a). These aio 
valuable and cheap pigments, but not as stable 
as the corresponding zinc tf terns ( vide tnfru) 

By removal of some of the aeid from normal 
lead chromate, a haste lead chromate of a deep 
red colour is obtained, PbOvPbCiOj, winch is 
the base of a number of chtvme teds. Between 
those and tho various yellows a large number ol 
shades of c/ttome outage may be obtained. The 
chrome reds are known by 'a variety of names, 
c.g. Austrian cinnabar, Persian ted , *( htnisc ted , 
Victoria red, Derby red, American vermilion, &c 

The pigment is usually prepared by boiling 
chrome yellow with caustic alkali or by boiling 
together the lead salt, potassium diehromate. 
and an alkali. One such method is— 20 parts of 
white lead are mixed into a line paste with 
water, 10 parts of potassium diehromate and 3 
of caustic soda, uie dissolved in a little water, 
added, and the wholo boiled until the desired 
colour is obtained. It is then washed and 
dried. 

Bunge mixes 4. r > parts of litharge, (> parts of 
salt, and 50 parts of water ; tho mass becomes 
white, and swells considerably ; more water is 
added to prevent it from hardening. In three 
or four days, tin; whole has been converted into 
lead oxychloride ; a solution of 15 parts of po- 
tassium diehromate is then poured ‘On, and the 
mass well stirred and washed. A corresponding 
process is used with carbonate of lead, the colour 
produced being preferable to that when chloride, 
sulphate, or oxido of lead are used. 

For tho production of a lino ‘ Persian red,’ 
Prinvolt digests 25 parts of lead carbonate in a 
cold solution of 10 parts of potassium chromate 
for 2 days. A red crystalline precipitate of basic 
load chromate is thus produced, while potassium 
bicarbonate' remains in solution. The mixture 
is boiled for half an hour, whereby a portion of 
the red proeipitate becomes decomposed, with 
the formation of normal lead chromate and of 
potassium chromate, turning a violet-red colour. 
This is filtered off, washed, and digested with 
one part of sulphuric acid dissolved m 100 parts 
of water, with the production of ‘ Persian red. ’ 

For the production of a fine vergailion pig- 


ment, Liebig and Wohler’s method may be used. 
A mixture of equal parts of potassium and 
sodium nitrates is just heated to fusion, and 
chrome yellow, in small fragments, is dropped 
in ; ebullition takes place, and the mass becomes 
black. The heating should he continued until 
ebullition ceases. The chrome yollow has thus 
become converted into basic lead chromate 
and potassium chromate. If the temperature 
used be too high, the product becomes brown 
and is spoiled. The supernatant yellow liquid 
is poured from the heavy basic lead salt, which 
is then well washed m water. The washings 
should be poured off as quickly as possible, or 
the action is liable to be reversed and the normal 
chromate reproduced m part, with a correspond- 
ing reduction of colour. 

The colour of tho varieties of chrome red is 
due principally to tho size of the crystals, those 
pigments of which the crystals are largest being 
of the most intense colour. 

For tho production of chrome orange , the 
chrome yellow is boiled with lime or alkali (in 
smaller quantity than that used for production 
of chronic red), until the shade required results. 
The cheaper chrome orange pigments, as m the 
case of the yellows, contain admixed kaolin, 
gypsum, &e. 

The lead chromates all possess good covering 
power and brightness of colour ; they are 
(lu table, but blacken under the action of 
sulphuretted hydrogen. They mix well with 
other pigments, but should not be used with 
sulphides. 

Calcium chromate ('a(Jr() 4 ,4H 2 0 ih largely 
produced m the manufacture of chromates from 
chronic iron ore. If is soluble in water and 
alcohol it becomes anhydrous at 200°, and is 
then almost insoluble in water. 

Barium chromate Ba(Tl) 4 is a canary-yel- 
low powder, known as Yellow ulti amative or 
Lemon yellow. It is produced by the addition of 
a diromate to a solution of a salt of barium. 

Barium chromate is insoluble in water and 
acetic acid, soluble in hydrochloric and nitric 
acids. On treatment with a boiling solution of 
chromium anhydride, it dissolves, and crystal- 
lises on cooling as a yellowish-red powder, con- 
sisting of the diehromate BaCr a 0 7 ,2H 2 0. 

Both banum and calcium chromates have 
been employed as pigments, but are now little 
used on account of their lack of brightness and 
covering power. 

Bismuth chromates. The addition of potas- 
sium diehromate to a neutral solution of bismuth 
nitrate gives a yellow flocculent precipitate, 
3Bi 2 0 3 -2Cr() 3 , soluble in acids (Lowe). On 
heating, it becomes partly decomposed and turns 
greenish. From an acid solution of bismuth 
nitrate, the precipitate formed consists of 
Bi 2 0 3 *2Cr0 3 (Lowe ; Muir), and is quite in- 
soluble m water. Bismuth chromate is used as 
a pigment and in calico printing. 

Zinc chromate, Zinc yellow, or Buttercup 
yellow ZnCr0 4 , is a beautiful, stable, yellow 
pigment, produced by the addition of hot neutral 
solution of zinc Bulphate to potassium chromate, 
or by adding a cream of zinc oxide in water to a 
boiling solution of potassium diehromate. 

Zinc chromate can be obtained in various 
tints and has a good colour. Though not equal 
to chrome yellotv in covering power or body, ife 
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has the advantage of not blackening by ex- 
posure to sulphides. It is largely used for 
mixing with Prussian blue to form the zinc 
greens, ^hich are more stable and faster to light 
than the corresponding chrome greens. 

Perehromic add. On adding hydrogen 
peroxide to an aqueous solution of chromic acid, 
or to an aquoous solution of a chromate acidified 
with sulphuric acid, a deep bluo colouration is 
produced, which on shaking the solution with 
ether passes into that liquid. The colour of this 
substance is so intense that it. constitutes a 
delicate test for both chromic acid and hydrogen 
peroxido. It. is extremely unstable, evolves 
oxygen, and ,is gradually transformed into 
chromium tnoxido. It has been regarded as 
Cr 2 0 7 \»ll 2 ( ) (Harroswil), CrO„ 3H 2 0 (Fairley), 
Cr0 3 ,H 2 () a (Moissan), and 2HCr() 4 ,H 2 <) 2 (Ber- 
thelot). By adding pyridine, quinoline, and 
other organic bases to the ethereal solution of 
the blue compound, Wiede obtained salts of 
an acid he regarded as HCr0 6 . He also obtained 
blue salts (NH 4 )(!r() 6 ,H 2 O a and KCr0 6 , H.,0. 2 
According to itiesenfeld (Her. 100.5, 3H, 4068 ; 
1008, 41, 2820; 1011, 44, 147), these salts are 
acid salts of pnrjnomir and H 3 Cr()„, of the type 
MHjOO*, corresponding with the rod per- 
chromates. Pure perehromic acid Jf 3 Cr() K ,21I 2 () 
may be obtained by the interaction of chromic 
trioxide and 07 p.c. hydrogen poroxido in 
methyl ether solution at -30" : 

200 s -f 7 H ,< > , --2 1 T ,< JrO H - |- 4II 2 0 

After the reaction is complete, the blue solution 
is poured off, dried with phosphoric, oxide, and 
evaporated in vttrufi at 30". It forms a dark 
blue crystalline mass, which decomposes at 
above —30". The water is regarded as water 
of constitution, since the blue colour is only 
produced in presence of water. The red per- 
chromates are considered as the anhydro salts 
of the bluo perehromic acid (Riesenfeld and 
Man, Ber. 1914, 47, 548). 

Ksters of chomir acid have been prepared 
by Wienhaus (Ber. 1914, 47, 332) by shaking a 
tertiary alcohol, dissolved in light petroleum 
or carbon tetrachloride with an excess of solid 
chromium trioxide. The ester remains dis- 
solved or suspended in the solvent, from which 
it can bo obtained by evaporation. 

Oh ROM AMMON TTIM COMPOUNDS AND 

Derivators 

Salts of chromium readily combine with 
ammonia or substituted ammonias, to form 
complex compounds in which the chromium 
atom may be combined with six molecules 
of ammonia, as, for example, in hexamme 
chromium chloride [Cr(NH 8 ) fl ]Cl s . According 
to Werner’s theory, the chlorine of this com- 
pound is united by primary valencies, whereas 
the ammonia is co-ordinated with the chromium 
atom by supplementary valencies (Ber. 40, 20). 
The ammonia may bo substituted by acid 
groups, the valency and character of the com- 
plex radical being determined by the aoid and 
basic radicals in tlie molecule, as will be evident 
from the following description of some of the 
simpler compounds. 

Hexamlne chromium salts (luteo salts), e.g. 
the nitrate [Cr(NH 3 ) # ](N0 3 ) 3 , aro prepared by 
treating the corresponding purpureo salts with 


ammonia in cold oonoentrated solution (Jdrgen- 
sen, J. pr. Chem. 23, 229; Mills, Phil. Mag. 
[4] 35, 245). 

Pentamlne chromium salts (purpureo salts). 
Jorgensen (J. pr. Chem. 2, 20, 105) prepared 
the chloride [CrCl(JNrH 3 ) 5 ]Cl a by reducing violet 
chromic chloride in a stream of pure dry hydro- 
gen at a red heat, and adding to it a solution of 
NH 4 C1 in strong ammonia. Air was passed 
through, H01 added, and the mixture boiled, 
when a carmine coloured powder is precipitated. 
It crystallises m octahedra, sp.gr. 1*687, dis- 
solves in 154 parts of wator at 1 6". Representing 
the compound Cl a Or 2 (NH.,) 10 Cl 4 , Jorgensen 
found that only 4 atoms of chlorine are precipi- 
tated by silver nitrate, which confirms Werner’s 
formula above given. 

Trlamlne chromium salts. These compounds 
have been investigated by Werner (Ber. 1910, 
43, 2286), who uses triamine chromium tetroxide 
m their preparation To a well-cooled solution 
of 30 grams of chromic acid in 300 c.c. of water 
are added 300 c.c. of pyridine After remaining 
half an hour in a freezing mixture, 750 c.o. 
3 p.c. ilgOjj are added The precipitated 
pyridine perch ro mate is collected, washed, and 
udded to 90 c.c of well-cooled 25 p.c. ammonia. 
Tho precipitated triaimno chromium tetroxido 
is collected after 10 minutes and washed with 
water, alcohol, and ether 

Trichlorotriamine chromium [(NH 3 ) a CrCl s ] 
results when triamino chromium tetroxide is 
added to cold concentrated hydrochloric acid. 
A bluish-grey precipitate is formed, and the 
filtrate from this deposits the compound after 
standing two days, in dark blue crystals with a 
greenish tinge The tnaquo derivative 
[0(01 1 2 ),,(NH a ) 3 ]Cl 3 

is obtained by treating one gram of the dichloro- 
aquotnamino chromium chloride (contained 
in the grey procipitate above mentioned) with 
8 c.c of wator covered with 5 e.c. of pyridine. 
Tho resulting solution is filtered, and tho 
hyriroxoiodide precipitated by the addition of 
solid potassium iodide. Tho chloride iH obtained 
from this by triturating with hydrochloric 
acid. It forms browmsh-rod hygroscopic crys- 
tals. The corresponding bromine compounds 
have been prepared. 

The diamine chromium compounds were 
among tho earliest known of these complexes. 
Morland (Chem. Soc. Trans. 13, 252) obtained 
a compound by the action of K 2 Cr 2 0 7 on fused 
ICONS, which was subsequently examined by 
Rcinccko (Annalen, 126, 113) and by Norden- 
skjold (Zeitsoh. anorg. Chem. 1, 126), who 
prepared it by heating NH 4 0NS to incipient 
fusion and dropping in one-third of its weight 
of (NH 4 ) 2 Cr 2 0 7 . The compound 
[Cr(NH 3 ). 2 (SCN) 4 ]NH 4 

is known as Roinocke’s salt, and according to 
Werner is the ammonium salt of tetrathiocyano- 
diamine ohromito, tho complex molecule having 
an acid character and being mono- valent. It forms 
small rod crystals fairly stable towards acids. 
The potassium salt is obtained by adding KC1 
to its solution, and tho acid [Cr(NH 3 ) 2 (SCN) 4 ]H 
by decomposing the barium salt with sulphuxio 
acid. It commences to decompose at 80°. 
Werner and Klein (Bor. 35, 277), by oxidation 
of ‘ Reinecke’s salt ’ with bromine, completely 
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eliminated the four thioeyano groups with the 
formation of dibromodiaquodiamino chromic 
bromide [(NH s ) 2 CrUr iJ (H a O)JBr. 

The last member of the serios in which all 
the ammonia groups are replaced by acid 
radicals may be represented by the salt 
[C!r(CN # )]K 3 potassium chromcyanide or liexa- 
cyanochromite. It is obtained m light yellow 
monoclinic crystals by adding a solution of 
chromic acetate to a boiling solution of potassium 
cyanide. (1. S B. 

CHROMOCYANINES v. Oxazine codoukino 

MATTERS. 

CHROMOFORM. Trade name for an orange- 
red crystalline powder formed by the union of 
dichromic acid and hexamethylenetetramine 
(C 6 H li! N 4 CJl 3 )., ! Cr\0 7 (Slightly soluble m alco- 
hol and cold water, readily soluble in hot 
water Tin 1 aqueous solution on boilmir, or 
by treatment with acids or alkalis, evolves 
fornmJdeh yde. 

CHROMOGEN AND CHROMOPHORE v 

COLOUR ANJ> (JjTEMICAI. (’(INSTITUTION. 

CHROMOMETERS V Col-ORTW etekh 

CHROMONE. Colouring matteis derived 
from ehromone or plieno y jiyrmn (I), the 
analogue of eouniann (2) 
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or pheno a pyrone, have* not as yet been found 
in nature, though an hydroxy ehromone (1) 
analogous to daphnetm (2) will no doubt possess 
dyeing properties and yield a yellow shade on 
aluminium mordant . 
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Ohromom is specially interesting owing to the 
isolation of the 3 hydroxy-ehiomonol 


HO, 


, / <>\ 

\(!H 


\/ 


\C0 


by (Schall and Dralle (Ber. 1881, 21, .1009) as 
one of the products of the alkaline oxidation 
of brazilein. Renzo y-pyrone derivatives were 
first synthesised hy v Kostaneeki (Ber. 1!K)(), 
1998), but the synthesis of ehromoqe itself is 
due ‘to Ruliemann and (Stapleton ((’hem Soe. 
Trans. 19(K), 1179). When ])henoxyfumanc 

acid (1) is treated witli sulphuric acid benzo 
y-pyrone carboxylic and is produced (2) : 

, 0 , 


C.H. — 0 — C — COOH 


HO 00 — CH 


YlO^'H 

(U (2) 

and this when heated in a vacuum yields benzo 


\(J — OOOH 


y-pyrone : 


, 0 




OH 


\ 11 

\:o^H 

Jt crystallises in colourless needles, m.p, 59°, 


and its yellow solution in cold sulphurio acid 
possesses a blue fluorescence. A. 0. P. 

CHROMOTROPE or CHROMOTROPIC ACID, 

l:8-Dihydroxynaphthalene-3:6-Disulphonic acid. 

C HR YS A NILINE . JJiamidophenylacridine 

0 19 H 1B N 8 , is obtained as a by-product in the 
manufacture of rosanihne by the arsenic acid 
method, and was isolated by Nicholson (l)ingl. 
poly. J. 168, 133) by treating the residue with 
steam, whereby clirysaniline passes into solution 
and can be precipitated therefrom by addition 
of nitric acid it was further examined by 
Hofmann (Ber JM9, 378), who prepared its 
methyl-, ethyl-, and phenyl- derivatives, and 
showed thal it- possessed the empirical formula 
(\ 0 Hj ? N, Jts composition and constitution 
were iirst- established by Fischer and Korner 
(Ber 1884, 203. Annaleu, 220, 175), who 
showed that a second lowei homologue of 
eomjiositiou ( , 5 N , was present (compare also 
Ansi hut/, Bei JK84. 433), and wlio refer its 
formation in the rosanihne melt to a condensa- 
tion and subsequent' oxidation of orthotoluidine 
aiul aniline, since thc\ have effected its synthesis 
by heating with arsenic acid at j80 ! '-200° the 
orthodqiarati laminoti iphenylnicthane obtained 
by Henouf (Bei J8S3, 1304) by the action of 
dehydrating agents on a mixture of orthonitro- 
henzaldehyde and aniline (r also Ostrogovieh 
and Nil bei m an n. ('hem Zenlr. 1907, i 1195). 
The eommeinal product is *a mixture of the 
two derivatives, and m the form of the nitrates 
or hydrochlorides appears oil the market- as 
phosphine 

I'rnpnhn.' -Clirysaniline crystallises with 
2 mols of H 2 0 from 50 p < alcohol m golden- 
yellow needles, and from benzene with I mol. 
of benzene of crystallisation in goJden-ycllow 
scales, the latter melt, when placed in a bath 
heated at 150 100°, but when slowly heated 

lose the associated benzene, and melt, like the 
formei, at, 2(>7 U -270 L . It is insoluble in water, 
and spaimgly soluble m alcohol On oxidation 
with ehiomie and. it, yields acridine and 
when dia/otised and boiled with alcoliol is 
converted into phony la ei'idine (m.p. 104°). 

Tet-razo- compounds liave "been prepared, but 
their couple products with amines, phenols, &c., 
are not as good dyes as those obtained from 
chrvsaniline and its salts (Tnllat and de Racz- 
kowski, Compt lend. 1 14, 1024). Formaldehyde 
r reacts witii clirysaniline, yielding an orange 
| dyestuff similar to clirysaniline in its tinctorial 
j properties (T. and de R. Compt. rend. 116, 
1382) ('hryxoph-nol ( \ () il H N,(), a yellow dye, 
is obtained when it is heated at 1(>0°— 180° 
with concentrated hydrochloric acid, and 
crystallises from dilute alcohol with 2 mols. of 
Il 2 () in ruby-red needles. Clirysaniline forms 
two series of salts ; of these, the sparingly 
soluble nitrate is the most characteristic : it 
crystallises in ruby-red needles, and is employed 
under various names as a valuable golden-yellow 
dye for silk, wool, and leather (v. Acridine 

DYESTUFFS). 

CHRYSANTHEMIN v. Anthocyanins. 
CHRYSAR0BIN (B.P., U.S.P.) is a yellow 
crystalline mixture of substances obtained from 
Araroba or Goa poll'd er. The latter varies in 
colour from primrose-yellow to bronze and 
purple, and collects, possibly as the result of 
oxidation of the resin, in the cavities of the 
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sfcemH and branches of Andira Araroba (Aguiar) ifcs chloroform solution with sodium carbonate 
(N.O. Legumimce), a troo inhabiting the forests traces of emodin are removed, and after 
of Bahia (Aguiar, Pharm. J. [iii.J 10, 42; cf. evaporation of the ohloroform the residuo is 
Greenish, tbtd. [iii.] 10, 814). The drug was crystallised from much ethyl acetate, when it 
formerly exported by the Portuguese to Goa, forms lemon-yellow scales, m.p. 202° (corr.) 
but its origin for a long time remained secret, (regenerated from its acetyl derivative the 
Goa powder is usually mixed with woody frag- substance melts at 204°). It is insoluble in 
ments from which it is freed by Rifting ; it ih sodium carbonate, soluble in caustic alkalis to 
somotiraes termed crude chrysarobin. After a yellow solution, which becomes red by passing 
extraction of Goa powder with organic solvents air through it, whereby it is oxidised to chryso- 
( benzene, chloroform) there is left behind on phame acid. The chango is “complete in 2 
evaporation a yellow crystalline powder, intro- hours, as shown by measurement of the oxygen 
duend in 1875 by a Bombay firm under the absorbed (Tutin and Glower). The reverse 
name Chrysarobin, which has since been mchftled change is brought about by hydnodic acid at 
under this name in the British and United States 130°-140". Ghrysophamc and anthranol dis- 
Pharmaoopreias, and is used in skin affections. ! wives m sulphuric and with a yellow colour; 

Attfield (Pharm. J. 1875, |3| 5, 721) obtained 1 it forms a diaeetyl compound G 1B H 10 O 3 Ac 2 ’ 
chrysarobin in a yield of HO H4 pe of the crude j m p. 1 03°, and a trmeetyl compound (! J6 H B 0 3 Ac 3 , 
drug, using benzene. Tulin and (Hewer (dhem. I m.p 238 ". 

Soc. Trans. 1012, 101, 290), by successive ! The anlhunol of einothn movomdhyl ether 
exhaustion with light petroleum, ether, ehloro- j was not isolated by Tulin and Glower as suoh, 
form, ethyl acetate, and alcohol extracted only j but its presence was inferred from aerial oxida- 
57-5 p.e The residue consists of woody fibre, turn (experiments, which converted it into emodin 
inorganic and resinous constituents, a little J monumethyl ether. 

sugar, &c. I The mono methyl ether of clrhydronnodin- 

Chrysarolun was originally thought to be a| an tin and (!,,H 1a <) 4 is characteristic of ehrysa- 
pure, or nearly pure, substance; m reality it | robin. According to Kdcr (v infra), its con 
i> «• complex mixture, consisting cluclly of j stitution is most probably : 
reduced di- and triliydroxymethylanthraqum- j TT() .... 

ones, which crystalhse togethcr anil are dilhcult ! (1 

in separate by purely physical means. Later j V \ \ 

tlie name chrysarobin was ap]ilied to one of the ✓,,, , I J ; O ( j 

pure constituents, but it is better to reserve 3 \^' \ / 

this name for the commercial mixture Tutin | (i 

and Glower found the following percentage j 

composition for three samples of commercial [ Tutm and Glower converted it by boiling 
chrysarobin : — hydnodic acid into emodin anthranol, a sub- 


1. Chrysophanic acid 

I 


(— chrysophanol) 1 

6-3 7*2 

8-< 

2. Emodin monomethylether 1 

( 


3. Emodin 

traco nil 

in 

4. Grude anthranol of chryso- 



phanic acid 

26 40 

02 

5. Anthranol of emodin mono- 



methyl ether 

small amounts 

6. Monomothyl ether of do- 



hydroomodmanthranol 

411 13-4 

17-" 

7. Ararobinol 

4-2 41 

ni 

8. Inseparable mixture of 



partly amorphous sub- 



stances 

23 30 

12 


Tho first three of these substances are 


j stance containing a methyl group less and 2 
I hydrogen atoms more ; by oxidation with chromic 
! acid they converted it into emodin methyl 
] ether. 

Of the substances 1-6 chrysophanic acid had 
also been found by Attfield, its anthranol by 
Jowett and Potter, and emodin monomethylether 
by Oesterle and Johann (Arch. Pharm. 1910, 
248, 470), but this was the full extent of the 
agreement among the various investigators of 
| chrysarobin until Rder (Arch. Pharm. 1916, 
253, 1 ; 1910, 254, 1) confirmed all the principal 
results of Tutin and Glower. He oxidised tho 
commercial substance with air in alkaline solu- 
tion, and considers that hydrogen peroxide is 
formed in this reaction, and is responsible for 


anthraquinone derivatives (for their properties 
and constitution, .fee RnrriuitB). Nos. 4 and 5 
result from Nos. 1 and 2 respectively, by reduc- 
tion ; they are derivatives of anthranol (9- 
hydroxyanthraceno). No. 0 is a less strongly 
roduoed anthraquinone. No. 7, of unknown 
constitution, is also an anthraquinone derivative, 
related to No. 1 . 

Chrysophanic acid anthranol G lc H,,0 3 has 
the constitution 

O b H 3 (OH)<^ \g # H,(OII)CH 3 

and was called chrysarobin by .Towbtt and 
Potter (Chem. Soc. Trans. 1902, 81, 1578). It 
is obtained from commercial chrysarobin by 
extraction with light petroleum ; by shaking 
1 About 8 or 4 parts of the former to 1 of the latter. 


j further changes. Ho tliuH obtained the following 
percentages : emodin 0 - 2, emodin methylether 
9 ‘3, chrysophanic acid 22 7, dehydro-emodin 
anthranol monomothyl ether 18 (=chrysarobol 
of Hesse ?), amorphous products 26. It should 
be remembered that most of the chrysophanio 
acid and somo of the emodin methyl ether were 
originally present as anthranols. In his second 
paper, Rder acetylatod and benzoylated chrysa- 
robin* and obtained by Hulisequent hydroiysis 
up to 14 p.e. of chrysophanic acid # anthranol, 
up to 9 p.e. of emodin anthranol monomethyl 
i ether, and up to 4 p.e. of emodin monomethyl 
I ether, but no chrysophanio acid. The chief 
discrepancy is that Eder did not find the last 
of Tulin and Glower’s substances, amrobinol. 
This, according to the latter authors, has the 
compositionJ' 23 H 1# 0 8 , and forms yellow crys- 
tals, decomposing without melting at about 
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225 . It dissolves in alkali with a yellow J 
colour, but, like the methyl ether of denydro- 
emodin anthranol, and unlike chrysophanic acid 
anthranol, it is not readily oxidised by air. 
It gives a delicate and characteristic reaction j 
with sulphuric acid ; a mere trace forms an 
orange solution, which on gentle agitation gives 
intense blue streaks ; the solution then becomes 
green, and finally dull grey. Ararobinol gives a 
triaoetyl derivative (decomp at 225°), is reduced 
by hydriodic acid to dehydroararobinol, and 
oxidised by chromic acid to chrysophanic acid, 
but not quantitatively. 

With the exception of ehrvsojihanie acid 
anthranol, Tutin ami Clewer could had none of 
the substancos described by .Jowett, and Potter 
They had access to the latter's specimens of 
‘ dichrysarobm ’ and its ‘ methylether ; ' the 
former they separated into substance 4. and 
ernodin anthranol, the latter into the substances 
4 and 5. A mixture of the latter substances is 
similar in composition and melting-point to 
‘ diehrysarobin methyl ether,’ which illustrates 
the difficulty of separating the constituents of 
chrysarobm by mere crystallisation 

Chrysarobm is occasionally employed intern- 
ally as a purgative. Legcr’ (J Pharm. Chun. 
J912, | vji J f>, 588) has suggested that for this 
purpose clirysarobm should be substitut'd for 
chrysophanic acid, since they both have the 
same purgative effect, and the latter is difficult 
to obtain in a state of purity. Probably the 
chief constituent, of chrysarobm, chrysophanic 
acid anthranol, dors not exert, a purgative action 
until it has been oxidised m the alimentary 
canal (to ehrysophanic acid), as is the ease with 
aloin (Moyer and Gottlieb, Expenmentclle 
Pharmacologic, Berlin and Vienna, 1014, 198). 
The chief use of chrysarobm is, however, as 
an ointment in skin diseases (psoriasis), and the 
active constituent appears to be the anthranol 
of chrysophanic acid. According to Unna’s 
experiments (Baudisch, Bcr 1916, 40, 170), the 
only active synthetic substitutes are the anthra- 
nols of I -hydroxy and of J : 8-dihydro\y antlira- 
quinone. I 1 ho latter, ngnolin 


HO HO HO 



is more active in psoriasis than the anthranol of 
chrysophanic acid (clirysarobm), because it, has 
not the dystherapeutic methyl group.. 

Baudisoh explains the effect of the 1 : 8- 
hydroxyls in accordance with Pfeiffer's views by 
the formula : 

H H 


(> O 'o 



Various other substitutes have been sug- 

f ested, e.g. acetyl chrysarobm (Knoll & Co. 
). R. P. 105871 ; Chem. Zentr. 1000, i. 524), 
‘ lenirobin ’ ; eurabin is said to be triocetyl- 
chrysophanie acid (?). 

‘ Dermal ' is prepared by precipitating a 
bismuth nitrate solution by a solution of 


chrysophanic acid in sodium hydroxide. ‘ An- 
thrarobin * is the anthranol of alizarin. 

The different methods of extraction cause 
considerable variation in the composition of 
commercial chrysarobin and of its physiological 
action (Pharm. J. 1911, [iv.J 87, 630). Hence, 
Tutm and Clewer consider it fallacious to ask 
for compliance with exact requirements as 
to solubility, etc. (The U.S.P. states that 
1 gram of chrysarobm dissolves in 385 c.c. of 
alcohol, 12 5 cc. of oliloioform, 16 c.c. of ether, 
30 e c of benzene, and 180 c.c. of carbon disul- 
plndo at 25°. ) Pure chrysarobm dissolves in 
concentrated sulphuric acid with a yellow 
colour, ail’d is insoluble in dilute sodium hydr- 
oxide ; concentrated sodium hydroxide dissolves 
it with a green colour. Chiysophanie acid, on 
the other hand, yields a red solution with con- 
centrated sulphuric acid and dilute sodium 
hydi oxide (Liebermann and Seidler, Ber. Jl, 
1603). Another method to distinguish ehrysa- 
robin from chrysophanic acid is to mix 0 05 gram 
with 0-2 0 3 gram sodium peroxide in a porcelain 
capsule, udd 5 e c of alcohol, and after 5 minutes 
15 e.c. of water. Chrysarobin yields a wine-lees 
colour, not destroyed by dilution with water, 
changing to yellow on the addition of acetic 
acid Chrysophanic acid yields a cherry-red 
colour, becoming brighter on dilution (Alvarez, 
Ann ('him unaf. 1907, 9). G. B. 

CHRYSATR0PIC ACID v. Lactones. 
CHRYSAZIN v. Aijzakin and allied 
colouring matters 

CHRYSENE C 1H H la or 

This hydrocarbon occurs m the highest, boiling 
portions of coal tar, and in the tarry products 
obtained in the dry distillation of wood, fats, 
and oils (Laurent, Ann. (him Phys. [2] 66, 136). 
Synthetically, it can be prepared by passing 
through a red-hot tube the vapour ot bcnzyl- 
naphthylmethane (Gracbe and Bungencr, Ber. 
12, 1078), or those of eumaronc and naphthalene, 
which condense with the loss of a molecule of 
water (Kraemer and Spilker, ibid. 23, 84), or 
by strongly heating indene For a complete 
synthesis, sec Besclike, Wmograd-Finkel and 
Kohrcs, Annalon, 384, 143. 

Purification . — Chrysene is extracted from the 
mixture of solid hydrocarbons consisting chiefly 
of pyrene and chrysene, which boil at a higher 
temperature than anthracene, and constitute the 
last portions of the distillate from coal tar, by 
repeated digestion with carbon disulphide in the 
| cold. This treatment removes all the hydro- 
| carbons in the mixture except chrysene 
i (present to the extent of 18-19 p.c.), and this 
! is further purified by crystallisation from coal 
I oil (b.p. 150°), from which it separates in 
■ golden-yellow scales The yellow colour, due 
j to an impurity, cannot bo removed by repeated 
! crystallisation, but is destroyed by boiling with 
j alcohol and a small quantity of nitric acid (Lie- 
bormann, Annalen, 158, 299), or most simply 
by the action of perchloric acid (K. A. Hofmann. 
Ber. 43, 1086). 

A second method for obtaining chrysene 
from crude greenish-yellow anthracene (m.p. 
207°-208°) has been described by Schmidt (J. 
pr. Chem. [2] 9, 250, 270). For this purpose, 
40-50 grams of the anthtacene are dissolved in 
5 litres of strong (95 p.c.) alcohol, and the 



CHRYSOCOLLA. 


249 


solution, after filtration, is boiled with 30 grams 
of nitric acid (sp.gr. 1*4) in a reflux apparatus 
for some time. On cooling, red needles of a 
sparingly soluble compound of chrysene and 
dinitroanthraquinone o 1s h 12 ,c 

14 H.(NO a ) a O a 

separate, which, when treated with tin and 
hydrochloric acid, decompose into chrysene and 
reduction compounds of dinitroanthraquinone. 
The hydrocarbon is then obtained pure and 
colourless by crystallisation from benzene. 

Properties . — Chrysene crystallises in scales, 
or in well-defined, colourless rhombic plates, 
which show a violet fluorescence, melts at 250° 
and boils at 448° (Schweitzer, Annalon, 1891, 
193). It is a sparingly soluble substance; 
for example, 100 parts of absolute alcohol 
dissolve 0-097 part- at 1(5", and 0-17 part at 
18°, and 100 parts of toluene dissolve 0 24 
part at 18°, and 5 39 parts at 100° (v Becln, 
Bor 12, 1978), wlulHt other, carbon disulphide, 
benzene, and acetic acid dissolve it only to a 
slight extent at the ordinary temperature, but 
more readily on boiling The solutions, like the 
pure hydioearbon, show a deep reddish- violet 
fluorescence. On adding chrysene to a solution 
of formaldehyde and sulphuric acid, a rcddish- 
violet colour is produced , tins is destroyed by 
tin* addition of water (Jhtz, ('hem. Zeit. 31, 446). 
The absorption spectrum of chrysene has been 
studied by Haly and Tuck (Ohern. Hoc. Trans 
1902, 14) Chrysene combines with dinitro- 
antbraquinone and with picric and (tnnitro- 
phenol) to form characteristic compounds ; the 
pi crate O lK H | 2 ,C 6 H a (N()ji) 3 OIl, obtained by 
adding chrysene to picric acid m benzene solu- 
tion, crystallises m long red needles, and is 
decomposed by alcohol (Liebormann, Schmidt). 
When heated with concentrated sulphuric acul, I 
chrysene yields a sulphonic and, and when J 
treated with nitric acid, under varying con- I 
ditions, yields mono-, di-, and tetra-nitro 
derivatives (ibid.), wliilst chlorine and bromine 
convert it into substitution-derivatives (Schmidt). 
Ammochryseno is obtained by the reduction of 
ru trochry sene with phosphorus and hydnodic 
acid (Abcgg, Iter 1893, 792), or with tin and 
hydrochloric acid (Bamberger and Burgdorf, 
ibid. 1893, I ()()(>). On oxidation with chromic 
acid in acetic acid solution, chrysene is converted 
into chrysoqumone (J, H il 10 O 2 , which crystallises 
m yellowish-red needles, melts at 23f> u , yields 
azines on treatment with ortho-dianunes (Lio- 
bermann and Witt, i bid. 20, 2242), and is 
characterised by dissolving m concentrated 
sulphuric acid with a blue colour On oxidation 
with lead peroxide in alkaline solution the 
quinone is converted into fl-phenyl-a-naphthoic 
acid, from which by elimination of carbon 
dioxide, /3-plienylnaphtlialene is obtained. 

CHRYSEOLIN v. Azo- colouring matters. 

CHRYSIN, 1 : 3-dioxyflavono C u H 10 O 4 , is 
obtained from poplar buds (Piccard, Ber. 1874, 
88; and Baner, ibid. 1894, 21). It has been 
synthesised by treating phloracetoplionone with 
ethyl benzoate m the presence of sodium, 
when 2:4: 6-trimethoxybenzoylaeetophenone is 
formed; on boiling with hydriodic acid, the 
methyl- groups are eliminated, condensation 
takes place with the production of 1 : 3-dioxy- 
fl&vones (Eipilowicz, v. Kostanocki and Tambor, 
ibid. 1899, 2448 ; 1904, 3167). It is a yellow 
crystalline solid, molting at 276°. By heating 


it on the water-bath with methyl iodide and 
potassium methoxide, tectoohrysm, which also 
occurs in poplar buds, is formed (Emilewicz, 
Kostanecki and Tambor, l.c.). Ohrysin iB a 
member of the quercitin series (Perkin, Chem 
Soc. Trans. 1896, 1443), and dyes cloth mordanted 
with aluminium a pure yellow ; with chromium, 
an orange-yellow ; and with iron, a pale choco- 
late (Perkin, tbtd. 1897, 818). 

CHRYS0BERYL. Alummate of beryllium, 
BeAl 2 0 4 , crystallising in the orthorhombic 
system, and used as a gom-stone. It is usually 
met with m well-formed crystals, which as a 
result of twinning often simulate hexagonal 
forms, or as rolled pebbles in river gravels. 
8p.gr 3 -65-3 ‘76 ; hardness 84, taking the 
third placo amongst minerals, being exceeded 
only by diamond and corundum. Few minerals 
are* so resistant to chemical reagents as cliryso- 
beryl ; it js not attacked by acids nor fusible 
before the blowpipe, and is decomposed only 
by fused alkalis. The colour ranges in various 
shades of yellow and green. The variety 
alexandrite is emerald-green m daylight, but 
violet-red m lamp-light. Another gem variety, 
i known as cymophane or ‘oriental cat’s-eye,’ Bhows 
a bluish milky band of reflected light which 
travels across the convex polished surface as 
the stone is moved about. ( -hrysoberyl ocours 
embedded in granite and crystalline schists. 

! Material of gem quality comes from Ceylon, 

| Brazil, and the Urals. By reason of its high 
degree of hardness it has occasionally been used 
for jewelling watch -bearings. L. J. S. 

CHRYSOCOLLA. A hydrated silicate of 
copper, sometimes of importance as an ore of 
copper. The formula is usually given as 
Cu8i 0 3 ’2II 2 (), but the composition is variable, 
the mineral often being mixed with various 
impurities — silica, alumina, copper carbonate 
or phosphate, limomtc, &c. On these differ- 
ences in composition several trivial varieties 
1 havo been distinguished by special names, 
j The mineral is of secondary origin, occurring 
in the upper portions of deposits of copper ores. 
Tt forms encrusting or botryoidal masses, which 
may be vitreous and translucent, resembling 
opal or enamel in appearance, or dull and 
earthy. The colour ranges from bright green 
to bright blue, and there is a wide range in tho 
sp.gr. 2-0-2 -8. Under tho microscope it some- 
times shows a minutely fibrous structure, and 
small aeieular crystals from Idaho have been 
described (J. B. Umpleby, 1914). Such material 
is optically uniaxial and positive with refractive 
indices 1 -67 and 1‘46; sp.gr. 2*4. Interbanded 
with the microcrystalline material is often 
some optically isotropic material, and for this 
amorphous equivalent of chgysocolla tho name 
cornuite has been proposed (A. F. Rogers, 1917). 

A variety known as pitchy copper-ore (Ger. 
Kupforpechorz), dark brown or black in colour and 
with the appearance of pitch, is of some impor- 
tance as an ore of copper, particularly in Chile. It 
consists of a mixture of chrysoeolla and limonite. 
OhryHooolla of the more ordinary type has been 
mined for copper in South Australia, Belgian 
Congo, Chile, Arizona, Idaho, &c. The name 
ohrysooolla, from xP lJ(T ^ s < gold, and jcdAAa, glue, 
was applied by tho ancionts to materials used 
for soldering gold, and included, besides oertain 
copper minerals, also borax. L. J. S. 
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CHRYSOFORM. Tiyide name for dibromo- 

diiodohexamethylenetetramine. 

CHRYSOGEN. An orange-coloured sub- 
stance, containing more than 94 p.c. of carbon, 
and said to be a hydrocarbon, discovered by 
Fritzsche (Zeitsoh. Uhem. 1896, 139) in crude 
anthracene. It is sparingly soluble in the 
ordinary organic solvents. In sunlight, its 
solutions become rapidly bleached, and yield a 
colourless crystalline compound which, on fusion, 
becomes orange-yellow. 

CHRYSOiDINESe. AZO- COLOURING MATTERS. 
CHRYSOlN V. Azo COLOURING MATTERS. 

CHRYSOLITE v. Olivine. 
CHRYSONAPHTHAZINE w Azines. 
CHRYSOPHANIC ACID {('Imjxophtmil) r. 
Chrvsarorin; Rhubarb 

CHRYSOPHENIN V. Azo- COLOURING MAT- 
TERS. 

CHRYSOPRASE r. Chalcedony. 
CHRYSOTILE r. Asbestos and Serpentine 
CHRYSOTOLUAZINE r. Azines 
CHRYSOTOLUIDINE (\,H 2I N t A yellow 
crystalline base of unknown constitution (<f. 
Hofmann, Her. 2, 380), occurring in the residue 
obtained m fuchsin manufacture by the arsenic 
acid method (Girard, l)e Lane, and Chaputoaud, 
Compt. rend. 93, 994 ; r>4, 419). The hydio- 
chlonde is a yellow dyestufl 

CHRYSYL. Trade name for zinc boropicrate 
obtained by boiling together solutions of bone 
and picric acids wit/i zinc oxide; used as an 
antiseptic. 

CHURCHITE. A hydrated phosphate of 
Cerium (Co 2 () 3 9 1 "87 p e j and ealeium, occurring 
as grey fan -like aggregates of aeieular crystals 
encrusting quartz and slate in a Cornish copper 
lode. Unfortunately nothing is known of the 
exact locality of the mineral. U. J N 

CHYMASE v. Fermentation 
CICATRICINE. Trade name for n solution 
of thiosiimmine/antifiynne. and lueaine lactate 
CICUTOXIN C| > IJ«() V the poisonous jirin- 
eiple in water-hemlock ((Umta vaqnvx) is eon- 
tained in the tubers to the extent, of 0 3 0-4 
p.e. It is found also in C ft raw. It is a 
yellow resin -like substance which readily decom- 
poses and polymerises above 50° I) 22 0*9959 
//“’ 1-5885. Unites energetically with bromine 
and ignites spontaneously m contact with strong 
nitric acid. On dry distillation it yields an oil 
Ui 3 H 21 0. of spgr 0-939 at 20°. Distilled in a 
eurrenb of steam it gives an oil C 14 H 22 <), of a 
pleasant odour ; it gradually polymerises to a 
transparent semi-solid resin On oxidation 
with nitric acid eieutoxm yields carbon dioxide, 
oxalic acid, hydrogen cyanide, nobutyne acid, 
and aoetyl-2-eyelopentanone, b p. 735 "/1 5 mm.. 
Compounds of cicutoxin with lead, barium, 
hydrogen chloride, ammonia, bromine, and iodine 
are known. Cicutoxin appears to be a deriva- 
tive of 4-pyrone (Jacobson, J. Amer ( 'hem S<5c 
1915, 37, 919), 

CIDER or CYDER is a vinous beverage pro- 
duced by expressing and fermenting the juice of 
apples. Perry is a similar article made from 
pears. The two arc very much alike in character, 
and, the principles of manufacture boing 
generally the same for each, reference will be 
made to eider only in this article, except wlion 
oocasion requires the special mention of perry. 


The largest cider-producing oountry of the 
world is Franco, followed by England, Germany, 
the United States and Canada, and it is now 
also produced in increasing quantities in other 
countries, notably Ireland and Australia. In 
England the principal cider-growing districts are 
the counties of Somerset, Devon, and Hereford, 
smaller quantities being made in Gloucester, 
Worcester, Monmouth, Kent, and Norfolk. 
The mean annual production of the United 
Kingdom is estimated at 90,000,000 gallons, of 
a value of about 3,000,000/ , including the Excise 
Duty of 4 >1 per gallon. 

The ordinary eider of commerce in England 
is a beverage of widely varying character. It 
may contain as little as 2 p c. or as much as 
8 p c of alcohol by weight, depending on the 
quality of the apples from which it is made, and 
the process of its manufacture, particularly the 
stage at which the fermentation has been 
stopped. Apart from its characteristics of 
flavour, hod v, and colour, cider may be roughly 
divided into three classes or grades, viz : 
sweet, which has been only slightly fermented ; 
dry, well fermented , and medium, between the 
two. Apple ]uice of good average quality has a 
sp gt' of about 1050 to 1055, eoriespondmg to 
10-12 p.e. of sugar As the fermentation pro- 
duces. roughly. 1 p r of alcohol from every 2 
p.e. of sugar, the following table shows the 
approximate comparative composition of apple 
juice, and the three grades mentioned : — 

Sp gr. Sugar Alcohol 
Apple juice . 1050-1055 10-12 p.c. — 

Sweet cider . 1025 1035 9-7 2-3 p.c. 

Medium eider 1015-1025 4-5 3-4 

Dry eider . 1000-1010 0-2 5-9 

It must be understood that those figures are 
only approximate, and show the proportions 
of alcohol and sugar m cider made from apples 
of average quality, when the fermentation is 
stopped at the sp.grs. mentioned and no sugar 
is added. 

The rough eider of the farmhouse, found in 
tho south-western counties, is of a vory dry 
grade, being fully fermented, no attempt being 
made to chock the ‘ working,’ while the ordinary 
eider (bottled and draught), found in the average 
hotel in cities, is a beverage which has been but 
slightly fermented, and is of the sweet to medium 
grade, the greatest public demand being for 
eider as a summer beverage, light, sweet, and 
refreshing. It must not be assumed, however, 
that all bottled cider is sweet, for it is obtain- 
able from several firms of repute in four well- 
defined grades — sweet, medium, dry, and extra 
dry- 

The raw matcriul from which cider is made 
varies m composition and character as much 
as the cider itself. The majority of English 
orchards were originally stocked with almost 
innumerable varieties of apples and pears, most 
of them of inferior quality, for either table use 
or for the manufacture of cider or perry ; but 
great improvements have of late years been 
made in the planting and cultivation of the 
orchards, with a corresponding improvement in 
the quality of tho beverages produced. Speak- 
ing generally, it may bo said that good cider 
cannot be made from any but essentially vintage 
varieties of apples, most of which are quite 
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unsuited for table use because of their astringent 
flavour, due to the large proportion of tannin 
they contain. The majority of table varieties 
yield a juice deficient in sugar and tannin, with 
an excess of acidity, as compared with the 
vintage sorts, which are cultivated specially for 
the manufacture of cider. This is particularly 
applicable to perry pears, which are almost, 
i availably very astringent in taste, although it 
is cunous to note that the percentage of tannin 
they contain is not exceptionally high. To make 
good cider, the sp.gr. of the juice should not be 
under 1045, it should eontam at least 01 5 pc. 
of tannin, which gives keeping and clearing 
properties, ^ with an acidity not exceeding 
d'5 or O'b p.c. of malic acid for sweet eider, and 
0*3-0 -4 p.e. for dry. while those substances 
winch constitute 1 body,’ consisting of mucilage, 
albumen, salts, colouring nmtl-er, &c., are also 
of importance ; but, having been very little 
investigated, it. is impossible to state definitely 
what proportions of each are necessary. A 
high spgr. with a correspondingly high sugar 
content, is generally considered the most 
important quality, but some apples are known tc 
yield a juice high in sp gr but deficient in enloui 
and body (the two are usually associated) 
while others of a low sp gr but ‘rich in eoloui 
and body, may produce eider of better quality 
than the first- mentioned Too much reliance 
however, must not be placed on the mer< 
chemical composition of the juice as indicative 
of the value of an apple for cider making, the 
characteristic flavour of the variety and the 
rate of fermentation, which varies greatly with 
different juices, being .it least equally important. 

Vintage apples are roughly divided into 
three classes — sharp, containing normally not 
less than 045 p.c malic, acid ; sweet, containing 
normally less than 0 45 p c. of malic acid, and 
0'2 p.c. of tannin ; bitter sweet, containing 
normally less than 0 45 p e. of malic acid and 
more than 0-2 p c of tannin The following 
table shows typical analyses of the juice of 
several of the best of each class, together with 
that of a hitherto unknown and unnamed 
variety recently found m Somerset (‘ Butleigh 
No. 14 ’), which is of outstanding merit . — 


No. Variety 


1. KingstonBlack 

2. Foxwholp 

3. (Jowarne Red 

4. Sweet Alford 

5. White .Jersey 

6. Cherry Norman 

7. Homer . 

8. Royal Jersey 

9. Barland 

10. Butt 

11. Oldfield 

12. ‘Butleigh No. 14’ 


Sp gr. 

1 Malic 
j add 

j Tannin 

Tolnl 

sugar 

1050 

i 0-54 

' 0-1 20 

12-00 

1059 

i 104 

j 0-270 

13-25 

1054 

' 0*05 

0-230 

12 05 

1057 ; 

0 14 

0120 

1219 

lofio : 

0*25 

i 0-190 

13-33 

1055 | 

0-21 

0-354 

12-25 

1053 

0T5 

0-240 

11-89 

1005 

0-16 

0-380 

15-00 

1054 

0-62 

0119 

11-32 

1053 ! 

0-06 

0-270 

11-75 

10fl8 I 

0-80 | 

0 128 

14-92 

1104 

0-24 

0-258 

22-22 


Nos. 1, 2, and 3 are sharp varioties ; 4 and 
5, sweet ; 6, 7, and 8, bitter-sweet ; 9, 10, and 
11, perry pears ; 12, a bitter-sweet of unusually 
high quality. 

The process of cider making is of very 


ancient origin, but modem scientific cider making 
may bo said to date from the year 1893, when 
the Bath and West of England Agricultural 
Society instituted some chemical ana bacterio- 
logical research into the subject, a work which 
was carried on by Mr. F. ,J. Lloyd for some 
seven years in Somerset, and has subsequently 
boon continued on a more ambitious scale at the 
National Fruit and Cider Institute, associated 
with the University of Bristol, under the direction 
of Prof. B T. P. Barkor. The results of these 
investigations form the foundation of modem 
eider making, and annual reports thereon con- 
stitute the most trustworthy literature on the 
subject. 

Whereas the quality of the cider depends 
primarily on that of the apples used, the nature 
of tho product is largely influenced by tho 
methods of manufacture and fermentation, and 
general management. To ensure good quality, 
care of the anples in the orchard is essential, 
for no good Leverage can be made from fruit 
which has been carelessly gathered or stored. 
It should be shaken from the trees when just 
ripe, bruising being avoided as far as possible, 
and stored m heaps (preferably under cover if 
the weather be wet), until it becomes soft and 
mellow, but not over-ripe, care being taken to 
avoid either washing by rain, which results in 
the loss of sugar and yeast , or heating, which 
produces lustiness in the eider, as well as a great 
tendency to acetic fermentation. When tho- 
roughly mellow, tho fruit is selected and 
blended in tho proportions necessary to give 
the degree of sweetness, acidity, and astringency 
required for the variety of cider it is intended 
to make Sweet cider is best made from a 
blend of sweet, sharp, and bitter-sweet apples ; 
whilo dry eider should he made from a blend 
giving a minimum of acidity, with only a 
moderate proportion of tannin. Very few 
varieties of apples are individually capable of 
producing the finest, cider, an appropriate 
blending being necessary. This does not apply 
to pears and perry making: single varieties, 
unblended, usually giving best results. In the 
actual processes of grinding the fruit and 
expressing tho juice, steam or hydraulic power 
is generally used in modem factory practice, 
but, apart from economic reasons, this has no 
advantage over the. old-fashioned hand-power 
machinery of former days. The fruit is ground 
to a fine pulp, called ‘ pomace,’ which falls upon 
the | ires* is held together in thin squares by 
mamlla or hempen cloths, and is usually pressed 
at once. In some places, however, the pomace 
is allowed to remain in tubs for 12 to 24 hours 
before pressing, which is said to improve the 
quality of tho resulting liquor, but there seems 
to be no scientific reason for this custom, and 
investigations have failed to show that sufficient 
advantages are gained to compensate for the 
wortc it entails. With efficient presses, about 
75-80 p.c. of the weight of apples is obtained 
oh juice, and about 80 p.c. in the case of pears. 
Tho most profitable means of utilising the dry- 
pressed pomace is as cattle food. In Franoe the 
juice is sometimes extracted by the ‘diffusion ’ 
process in use in the. beet-sugar industry, but 
this does not meet with general approval, and 
has not been adopted in this country. The 
fresh juice is run into casks or open vate called 
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4 keovoa,’ to undergo the important process of 
fermentation, whion commences spontaneously 
in a few days, the time depending on the 
character of the juice and the temperature. An 
important question here arises : Shall the cider 
be allowed to undergo a natural formentatio«, 
or shall a pure culture of yeast be added to 
dominate it ? At the present time this is a 
debatable point. While m France and Germany 
it is generally acknowledged that the use of 
pure cultures improves the quality of the liquor, 
and they are largely used, m this country and 
America it seems doubtful whether the advan- 
tages of their use are sufhoient to compensate 
for the extra expense and trouble involved 
Pure yeasts, isolated from the best growths of 
cider and wine,, have been cultivated and added 
in sufficient quantity to dominate the fermenta- 
tion and prevent the various wild races from 
exercising much influence. (Owing to the 
difficulty of avoiding a cooked taste, sterilisa- 
tion of the apple juice, even at comparatively 
low temperatures, is rather impracticable ) The 
general results tend to show that fermentation 
by suitablo yeasts give a somewhat superior 
product to that obtained by natural fermenta- 
tion ; but the full advantages are not apparent 
until the cider is about, a year old, whereas, 
m general practice, it. is usual for it to be con- 
sumed before it attains that age. The use of 
pure cultures in the eider industry in this 
country is, for that reason, far from general, and 
it does not seem likely to make much head- 
way m tho present, state of our knowledge of 
the subject Little is known of the various 
sjieeies of yeasts naturally occurring on the 
Rkm of the apple, which subsequently develop 
in the eider, forming the 4 lees ’ at the bottom, 
and conducting the fermentation, but the 
largest number consist of forms allied to the* 
8a ccharornyces HUtpsotdeiut, 8 Paslortanu*, and 
8. apicvfatus ffypes. A fairly slow fermenta- 
tion is generally desirable, but, on the other 
hand, it is one of tho most important points 
in the whole process that tho primary alcoholic 
fermentation be vigorous enough, and is not 
oheeked too soon, otherwise the cider is laid 
open to the attacks of numerous undesirable 
organisms, which will show their effects in 
various 4 diseases ’ during the following summer 
The 4 keeving ’ system of fermentation, in open 
vats with loose covers, is preferable to that in 
closed casks, as the 4 head,’ which is soon 
thrown up, consisting of yeasts wad light 
portions of tissue, can be skimmed off from time 
to time. It is not advisable, however, to keep 
the cider m the keeves longer than about a week, 
lest incipient acetic fermentation set in, and, as 
soon as no further head is thrown up, it is 
racked into closed casks to complete the primary 
fermentation. The subsequent conduct of this 
important process is governed by the grade of 
cider it is desired to make, the hydrometer lifting 
in regular pso for watching the fall of the 
sp.gr. The rate of fermentation depends 
partly on the character and composition of the 
juice, and partly on the temperature ; but these 
conditions are practically beyond control. 
Blending the apples to ensure the requisite 
degrees of sweetness and acidity in tho juice will 
comply with one condition of a moderate rate, 
bul^as the proportion of nitrogenous matter is 


of still greater importance, and is a subjeot on 
which, strangely enough, little is known, and no 
reliable figures obtainable, blending to ensure 
tho proper percentage cannot be scientifically 
done at present. Regulating the temperature is 
also impracticable, for a large quantity of cider 
would have to bo handled in a very short space 
of time, anri this would be too expensive a 
process. A large plant would havo to be fixed 
up, which could only be in use a few weeks each 
year, and possibly it might not be required 
at all. Whenever the sji.gr. apjiroaches tho 
point at which it is desired to stop the fermen- 
tation, the eider is racked off into dean casks, 
with or without sulphuring or the use of other 
preservative. This alone, however, is not 
usually sufficient to stop fermentation, unless 
an excessive quantity of preservative be used, or 
racking into sulphured casks be repeated several 
times. The best known meam, which has the 
advantage of adding no materials of a question- 
able nature' to the liquor, is to filter it through 
one of the many useful cotton -pulp filters now 
on the market Even the use; of a filter is open 
to some' objections, feu it removes some of the 
body (probably of a colloid nature) and flavour 
from the eider. The clarification also presents 
great elifliculty with many ciders, neither 
isinglass finings nor boiled apple pulp, which 
are commonly used for the purpose, having any 
effect, so that tho filter, which clarifies the cider, 
and at the same tune stops the fermentation, 
is preferred, in the absence of anything better, for 
this purpose Depending oil various circum- 
stances, the cider is filtered and stored away to 
mature m casks, at any time from two to four 
or even six months from the time of making. 
If filtered perfectly bright, and stored m clean 
casks, kcjit well filled, it will 4 keej) its sweetH ’ 
for a whole season or longer, with the loss of 
only a fmv degrees of sp gr , even though it 
may contain as much as fi or 7 j>.c of ferment- 
able sugar. During tins period of storage, it 
mellows and develops its fragrant aroma and 
delicate flavour, and also loses a certain pro- 
portion of its acidity and astnngency. The 
strongest and best cider will keep in cask for 
some years, but that of average quality is at its 
best within the first year. It keeps best and 
improves most in bottle, but only cider of good 
and Hound quality should be bottled ; it should 
have an original gravity of at least 1050, should 
undergo a vigorous primary fermentation, and 
he perfectly brilliant when bottled. Tho best 
age for bottling is from four to six months, and 
if not more than a year old at the time, it will 
develop sparkling condition like champagne 
after a few weeks’ storage. The carbonating 
process of bottling is becoming more general, 
and there seoms to be no objection whatever 
to its use, somo of the best brands on the 
market having boon treated in this way. 

Matured eider is liable to several disorders 
or 4 diseases,’ tho principal being acetification, 
‘sickness,’ ropmoss, and blackening. Like all 
liquors of low alcoholic strength, it is particularly 
apt to acetify on very slight provocation, and 
for this reason, exposure to air at all stages of 
manufacture is to be avoided. 4 Sickness ’ is 
a rocommoneement of alcoholio fermentation, 
which is set up during the summer following 
its manufacture, and may occur in cask or 
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bottle. The cider becomes very turbid, and 
the production of alcohol is accompanied by 
the development of a most disagreeable smell 
and flavour, duo, it is thought, to formation 
of acetaldehyde, together with an increase in 
acidity, partly lactic and partly acetic, which 
renders the liquor quite undrinkable. It is a 
source of great loss, for it usually attacks the 
richest and most fruity ciders, and is due to the 
action of several special organisms, contributing 
causes bemg a deliciency of malic acid m the 
juice, and a weak primary fermentation. Itopi- 
noss is not so frequently met with, and little is 
known of its causes in cider ; but it is generally 
found where there is a deficiency of tannin. 
Some eiders turn dark very quickly on exposure 
to air, some almost black m less than half an 
hour. This may be due either to an excess of 
iron acquired from the soil on which the apples 
are grown, but more often from the utensils 
used m the making, or to enzymic action ; the 
use of a little preservative often prevents its 
development. 

A standard of chemical composition for 
what is sold as cider has boon formulated in 
some countries, but not in ( Ireat Britain. Owing 
to the extromo variations in the character and 
composition of genuine cider, it is almost, if 
not quite, impossible to hx a delinite chemical 
composition and say that it represents what 
should be considered a standard cider. Bor 
this reason, the standard lixed in foreign countries 
is necessarily very low, but while it probably 
admits of a certain amount of adulteration, it. 
no doubt acts as a chock. It can hardly be* 
contended that nothing should bo sold as eider 
which is not the pure juice of apples 10 ewers, 
wine makers, and distillers are not restricted by 
law to the use of malt and hops, grape juice and 
malt respectively, in the making of their pro- 
ducts, so that a law to limit cider makers to 
Clio use of apples only would operate unfairly 
against them as compared with the other trades 
mentioned. It has been staled that many 
varieties of cider apples grown in this country 
are not capable of making first-class eider, and 
the better sorts are in too small a minority to 
meet the demand. In poor vintage seasons, 
also, the general quality is low, sugar being 
deficient, and acidity excessive It is also 
undoubtedly true that eider made from the 
poorer varieties of apples, and in poor vintage 
years, is capable of great improvement by the 
addition of a certain proportion of cane-sugar 
syrup, as is done in the pfoeess of ‘ gallisising ’ 
wines, to obtain the correct proportion of acidity 
to sugar. It is difficult to say what maximum 
proportion of tins syrup should be allowed, but 
there is seldom any occasion for the uso of 
more than 10 p.c. to make the cider suitable 
for the English market. The fact that there 
are so-called ‘ ciders ’ on the market, which aro 
innocent of a drop of apple juico, shows the 
necessity for some sort of standard. Generally 
speaking, it may be concluded that no cider 
oan be considered genuine which does not 
contain at least 2 p.c. of alcohol by weight, or 
which does not show an original gravity of 
1045 or upwards. Another vexed question is 
that of the use of preservatives, some people 
contending that it is impossible to do without 
them, and others that they are not necessary if 
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the cider be well and carefully made. There 
is much to be said on both sides. Some makers 
sulphur their casks, thus adding a certain 
quantity of sulphurous acid to the cider; but 
it iH generally considered, though very strangely, 
that this does not constitute the addition of any 
‘chemicals.’ Others use sulphites or salicylic 
acid, and justify their use by the argument that 
all cider, no matter how carefully made, is 
peculiarly susceptible to the various ‘ diseases ’ 
previously mentioned, and has often to bo kept 
under conditions which render them unprevent- 
able by any other known means, for example, 
on draught m a warm bar, perhaps for some 
weeks. Then* is certainly a great deal of 
reason m this, and it would probably be a 
hardship to absolutely prohibit the use of any 
pieservativn , but, on the other hand, they are 
sometimes used in needlessly excessive quanti- 
ties, which, m the interest of tho public health, 
should be avoided. The consumption of cider 
is rapidly increasing, due partly to its being 
recommended by medical men, and if it is to 
hold its own as a popular, and above all os a 
healthful, drink, it must bo kept free from any 
ingredients of doubtful physiological eliects. 

Appended are analyses of a few typical 
ciders of well-known makes : — 
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.Sweet sparkling . 1025 ;}•(»/» j 0*24 5*98 0*245 
Staiulaid dry . j 1000 4-90 1 0*31 3*25 0*314 
Standard sparkling : 1015 3 90 0*53 0*00 0*300 
Champagne perry. 1013 1 3*75 0 35 4*80 0*390 


W. I). MoC. 

C1GN0LIN. Tiade name for l*8-dihydroxy- 
antluanol. Used as a lemed^ for psoriasis, 
lias a moie energetic action upon the skin than 
its 3-methyl derivative, chrysarobm ( q.v .), 
(Uinia, Dermatol Wociienschr. 1910, 02, 

Nos. 0-8). 

CINCHOMERONIC ACID v. Boxk oil. 
CINCHONA ALKALOIDS. The Cinchona 
Barks. 1. Their Discovery. — The febrifuge 
properties of the bark of the cinchona trees 
growing on the slopes of the Andes was probably 
known to the native Incas long before its cura- 
tive properties became known to their Spanish 
conquerors. The earliest mention of a 1 cure ’ 
is by Jussieu m 1000. The introduction of the 
bark to European countries was due to the 
Countess of Chmchon, wife of the Viceroy of 
Ecru, who having been cured of an attack of 
fever at Lima in 1038, on her return to Madrid 
m 1040, brought with her some of the precious 
bark, and administered it to fever-stricken 
patients on her Spanish estates. It is in her 
hoAour that Linnaeus named the species 
‘cinchona.’ For nearly 200 years Jhe drug was 
administered m the form of a decoction* of 
powdered bark, and the alkaloids in it were 
not isolated till 1816, when Gomez discovered 
the alkaloid cinchonine, followed* by Pelletier 
and (’a von ton, who isolated quinine. 

2 The natural Cinchona Trees occur in a 
long but very narrow belt on the elopes of the 
Andes, stretching from Columbia in the north, 
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through Ecuador and Peru to Bolivia on the 
south. For the greater part of the last century 
the trees were ruthlessly cut down and the bark 
stripped from them by the Indian collectors, 
no attempt being made to replace them or 
cultivate seedlings, and consequently the 
species was being rapidly exterminated when 
more scientific methods wen- gradually intro- 
duced. 

The trees wore first classified botanically 
by Weddell, in 1849, and in 1800 dolin Eliot 
Howard, F R.S , biought up-to-date and tians- 
lated the notes of the Spanish botanist Pavon 
(compiled in 1800), under the title of the 


‘ Nueva Quinologia of Pavon,’ and these two 
books still maintain their position as the 
standard works on the subject. In 1880 Sir 
Clements Markham published a most compre- 
hensive work entitled ‘ Peruvian Bark,’ and it 
is from this book that (he compilers of these; 
notes have obtained much of their information 
The following table shows the locality and the 
botanical species of the various commercial 
harks on the London maikot in about 1870, 
and the analyst's given, except when otherwise 
stated, were mado by the present authors, of 
typical commercial samples which had been 
preserved m a collection of that date. 


TABLE I. — The Natural Barks of Commerce of 1870 
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1 J. E. H. (1802) Cinchonine 2 p.e. 


mierantlia 


lotal alkaloid 2 7 p.e . 


Cinchona 1 


J. E H (1802) Ouinine 0'45 p.e. 


Peruviana 


Cinchonine 0’9 p.e. 

Yellow 

Cinchona 

Bolivia and : 

Haenko and | 2-00 0*40 0*20 


Barks 

eahsayu ; 

S Peru j 

Cells 1770 | 

0-56 j 0-90 4-12 


Note. — The analyses marked .) E. H. are from records of John Eliot Howard. The results must 
be* accepted with reserve, as at the date mentioned, the methods of separation of the different 
alkaloids were very rudimentary. 


3. Transplantation and Culihatum .—} n the i importance of their cultivation in suitable 
middle of the last century the necessity of districts in that country, 
dealing adequately with the devastations of In 1859 Sir Clemente Markham organised 
malaria 4n India and the diminishing supply of expeditions to South America for the purpose of 
natural cinchonas, directed attention to the | securing seeds* of all the cinchonas tnen of 
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commercial importance. He himself headed 
a search for calisaya soods in Peru and Bolivia. 
Spruce collected succirubra in Ecuador, while 
Pritchett was responsible for the grey barks of 
Huanuco in Peru. In ordor to complete the 
series further expeditions under Cross weie 
carried out in 1801 for officinalis bark from 
Loxa (JS. Ecuador), m 1868 for 1’itayo bark from 
Columbia, and a final search m 1877 for soft 
Columbian and Carthagena barks. 

' Markhams narrative of these expeditions 
tolls of the immense difficulties which wen* 
surmounted by these public -spirited pioneers, 
not only from the actual hardships of the expedi- 
tions, but also from the suspicious and often 
actively hostile attitude of the Indians, and to 
crown all, the problem of transporting the 
collections to the coast, and carrying them 
alive to England, and subsequently through the 
Ked Sea to India. 

All these difficulties were, however, overcome, 
and a largo proportion ot the seedlings survived 
the ordeal and were successfully planted m the 
Nilgiri lid’s m 1801, under the supeiintendcnee 
of Maelvor. The cultivation of cinchona in 
India from Maclvor's seedlings rapidly spread, 
and plantations were established by private 
owners in the Nilgiris, ami in the Palnai Hills 
of Travancoie. In 1805 plantations wore 
established at llakgala in Ceylon and in Cooig. 
followed shortly after by further enfei prises 
at Wain ad, Mysore; Darjiling m Sikkim; and 
the Karen Hills m Hurmab Maelvor intro- 
duced two methods of harvesting the bark : — 

1. Coppicing and allowing the tree to shoot 
again from tho same ti unk ; and 

2. ‘ Renewing ’ by mossing. In the lattoi 
process the bark was removed m longitudinal 
strips about an inch wide, leaving a space J 
untouched between each strip denuded of bark 
The tree was then bound round with moss and 
the bark allowod to ‘ renew ’ and cover the 
wounds. Tlus method, although more laborious 
than coppicing, largely increased tho yield of 
each tree. David Howard (J. 8oc. Chem. Ind. 
1906, 26, 97) states that renewed bark is richer 
in alkaloids than the original, and that the 
proportion of quinine to other alkaloids is 
increased. 

In 1880, when Markham’s book was pub- 
lished, the Indian plantations gave every 
promise of becoming tho mam source of supply 
for the markets of the world.’ The fact that 
India does not find herself to-day in that 
fortunate position is shown in the following 
table, and the cause in the next paragraph. 

A summary of sources of bark sold in 
European markets : — 

In 1880 In 1911 

Columbia . 6,000,000 lbs . ) 

Bolivia, Peru, 1 35,200 lbs. 

Ecuador . 960,000 lbs. ) 

India. . 1,170,000 lbs. 458,600 lbs. 

Java . . 70,000 lbs. 19,778,000 lbs. 

Jamaica . 21,000 lbs. nil. 

Africa . nil. 25,400 lbs. 

The explanation obviously rosts on tho rise 
-of Java as the greatest cinchona producer, and 
it is therefore necessary to sketch briefly the 
history of this wonderful success of the Dutch 
in their principal colony. 


The first attempt at cultivation in Java in 
1852 ended in complete failuro through the 
poor alkaloid-producing characteristics of the 
varieties of cinchonas of which seedlings were 
secured from South America ; the only trees pro- 
ducing a tolerable yield being a small number 
obtained from Maclvor's plantations in the 
Nilgiris. In 1855, however, Charles Ledger 
secured some seeds of Cinchona calisaya, half of 
which were planted m India and half in Java. 
Those in India failed, owing either to the 
climatic conditions or the mismanagement of the 
plantations after Maclvor's death. Those in 
Java, however, flourished exceedingly, and have 
produced a wonderful strain of trees, which, by 
skilful scientific cultivation, have produced, and 
are producing, dark containing up to 10 p.c. of 
quinine, and which have, therefore, far surpassed 
any other variety m its market value from a 
manufacturing standpoint. 

4. Hybridisation and Grafting. — David 
Howard (J. Soc Chem. Ind. 1906, 25, 97) deals 
with the etlcct of hybridisation (partly deliberate 
and partly accidental) on Java barks, and 
mentions a very common hybrid of commerce 
known as ltobusta, a hardy growth, which 
nearly rivals Ledgenana m its alkaloid value. 
Regarding grafting, he states that the ‘ Enten 
Boast’ of commerce, from Java, is the result of 
graftmg Ledgenana on to a Succirubra stock, 
tiie bark from brandies giving the characteristics 
of Ledgenana, while the root bark retains tho 
proportion of alkaloids common to Succirubra. 

Prom a largo experience of analysis of 
samples from dill'eient parts of the same cinchona 
trees, he found that the elaboration of alkaloid 
takes place solely m the downward course of 
the saji, and that the percentage of alkaloid 
mei eases in the bark from the twigs down the 
stem to the ground ; in the less flourishing trees 
the root baik being richest m alkaloid value, 
but of this alkaloid, the proportion of quinine 
and emohomdinc is lower, while that of cincho- 
nine and quuudine is higher. 

5. The Commercial Aspect . — In the same 
paper David Howard shows that the conquest 
of the world's markets by the Java planters 
was due to tho careful and scientific work of 
Moens and others in the cultivation of the 
phenomenally rich Ledgenana to the exclusion 
of the lower alkaloid-prod ucmg varieties, which 
enabled the Dutch growers to hold on during a 
period of about 20 years of bitter competition 
and low prices, which gradually ousted a large 
number of the older established, but less scienti- 
fically managed, Indian plantations from the 
market. 

To emphasise the effect of successful Java 
cultivation the table given below shows two 
analyses : A, typical of the very best natural 
Calisaya bark produced from wild trees in 
about 1865; and'B, of a typical good quality 
cultivated Ledgenana bark sold in Amsterdam 
in May, 1914 : — 

Cincho- Quia I- Cincho- 

Quiniue nldiue dine nine Amor- Total 

pc pc. p.c p.c. pilous' alkaloids 

A 3*615 0-75 0-165 0-34 0-93 580 

B 7-92 0 105 0 08 0-085 0*91 9*10 

This shows the triumph of skilful cultivation 
in producing an enormous alkaloid yield of 
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almost pure quinine, over the best unaided 
efforts of nature. 

6. Other Bark-producing countries only re- 
quire a passing mention. The barks formerly 
produced by Jamaica and Mexico have dis- 
appeared from the market. The Portuguese 
possessions m West Africa produce bark regu- 
larly, the best-known source being the island 
of (St. Thorne. South America still produces a 
considerable amount of bark, presumably now 
entirely from cultivated and not natural 
sources. A start was made shortly before the 
war in Herman East Africa, and although tho | 
plantations are at present small, the analysis 
of the samples shown below, if they can be 
regarded as typical, indicate very promising 
conditions, being m quality wcfl up to the best 
Java production. 


There is one variety cf cinchona which, 
although valueless from a commercial point of 
view, Bince it contains none, of the four alkaloids 
of commerce, has yet provided a considerable 
field for research, as several rare members of 
the cinchona alkaloid family have been extracted 
from it. It is described by Markham under the 
name of Fubescens, hut was also called Pelle- 
teriana (after the discoverer of the quinine 
base) and Cusco bark in commerce. 

It would appear to have been widely dis- 
tributed over the forests of Peru, and was found 
to be growing freely by Markham in the Caia- 
vaya district. The alkaloids isolated from it 
are eusconine, cusconidine, cuscamine, cuscami- 
dine and aricine (called .after Arica, the coast 
town from which it was exported). 

Before leaving the subject of barks, the tree 
Aspidosperma Quebracho, a mernbor of the 


Percentages of Alkaloids Present. j Apocynaceie, must be mentioned. This was 

considered by Hesse (Annalon, 1870, 154, 287) 

i jj ! „ j m 1 m I to be identical with the Quina Blanca of Mutis. 

Samples from I , !2 2 , g j c£ ! ’2 Two alkaloids have been extracted from it, 

(k mum East. § j c 1 o *3 i Pay tine and Paytamine (so called from tho 

Africa Ijf i 1 .1 i g=£ 52S ! port Payta hi North Peru), which' although not 

! O’ ' 6 1 C j o’ 1 < h actually classiliod under any group of cinchona 

| - — “j” ' i alkaloids, have a very similar empirical formula, 

Ledgeriana 3 81 0*00 0 04 0 00 , I 15 ' 5 00 and possess certain ‘febnfuge properties which 

Hybrid . 1 8-41 ' 0-00 0 07 0*00 I 02 1 1 30 , ju^ifv their inclusion under this heading. 

(Succiruhra ! 2 54 2 05 2 14 0 00 1 50 j 8 32 Principles of Cinchona Barks.- The following 
Bobusta . | 2 '00 3 51 0'28 0 IK> 1 16 7 01 , are tllc ‘ mmies and formula' of the alkaloids 

occurring naturally in these barks, isomeis 


being bracketed together : — 


7. Other Tice# jn od iu rug Cinchona Alkaloid*. 
— Two other varieties of tree's must he mentioned 
which, although belonging to the Bonn pa 
species, and not being hotamcally cinchonas at , 
all, yet contain alkaloids of the cinchona group, 
which will be mentioned below. 

Bark of the Romijia pedunculate, known as ; 
‘ Cuprea Baik,’ was sold in consuh'rahlo quanti- 
ties on the London maiket in the early eighties, 
and its analysis is interesting, as being the only 
natural hark known which contains quinine , 
and other alkaloids (including the rare alkaloid 
cupreine), but absolutely no cinch omdinc 

The Beimjia Purdieana contains interesting 
but rare members of the family of cinchona 
alkaloids, vi /. emehonaniine, ehairaniine, con- 
chairanune, chairamidine, and eonehairamidine, 
tlie peculiar pioperties of which will be mentioned 
later. 


Bbmijia Pedunculata (.‘Cuprea’; Bark. 



Sample A 

Ji 

V 

Quinine alkaloid 

1-38 

1-27 

j 1*20 

Cupreine 

Oil 

005 

Quinidine 

0-40 

0-41 

0 25 

Cinchonine . 

0-22 

0-26 

0-27 

Cinchonidine 

nil 

nil 

ml 

Amorphous- . 

1-31 

101 

117 

Total alkaloid 

3 42 

3-00 

2-89 


Remijia Purdieana Bark. 
Cinchonamine nitrate . . 0 30 p.c. 

Nitra’te of other paricine bases 3 30 „ 


!. Cinchonine | 

2. Cinchomdme >C, # IP J)N 2 

3. Cinchomeme (cmcliotoxm) j 

4. Hydiocmchonmo (einchotine) j 

5. Hydrocinchonidine (cincliami- E , ,, 

dine) C 

6. Cinchonamine j 


Cupreine ( , . l9 ll ia (> Il N i 
Quinamme f" “ N 

Conqumamine 24 - 2 
Quinme I 

Qumidine >( ! j0 H, l4 ( >_N a 

Qumicme (qumotoxin) ) 

Iiydroqumme \ ()N 

Hydroquimdinej -° 20 2 2 
Chairamino \ 

Conchairamine t, n ^ 
Chairamidine j 22 26 4 a 
Conchairamidme J 
Aricine 

Cusconino C, i3 H 26 0 4 N a 
Concusconine 
Dicinchomcme C 3H H 42 ON 4 
Diquinicine (diconquinino) c 40 h 46 o,n 4 
Javanine 1 

CuaoarafnT formula not determined 
Cuscamidine j 
Paricine C u H 1h 0N 2 

Kline 


These are combinod in the bark mainly as 
quinates and cinchotannates with quinio acid 
C 7 H la O a , and cinchotannic acid C'uHuO* ; 
the former occurring to the extent of 5-8 p.o., 
and the latter 3-4 p.c. in the barks. Quinovic 
acid C 3s H 4s O fl and oxalio aoid (as the ealoium 
salt) are also present in small amounts. The 
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quinatee are soluble in water, but the dnehotan- I 
nates only slightly soluble, dilute acids, however, ! 
decomposing them and effecting solution. 
-The colouring matter m the bark is cinchona- 
red CjjHjjO 7, occurring to as much as 10 p.c. 
It is soluble in alkalis, being reprecipitated by 
acids. Two glucosidcs, a-quinovin and <8- 
quinovin, are usually present in all cinchonas, 
and give on hydrolysis quinovic acid and 
quinovose, a sugar isomeric with rhamnoBc 
(Liebermann and Cliesel, Ber. 18811, 10, 920). 
The neutral bodies, cinchocorotinc, and the 1 
isomers, cuprool and emcliol C 20 H 34 O f-H.,0 1 
(Hesse, Annalen, 1884, 228, 288; 18811, 234 j 
375), together with cholestol (Thoms, Arch. 
Pharm. 1897, 235, 39), appear to ho constant 
constituents of cinchona barks. 

The mh of those barks falls usually between 
3 p.c. and 4 p.c , a curious fact. I icing that the 
greater the altitude at which the bark is grown 
the higher is the ash In Indian baiks the 
highest, asli is found in Crown barks grown at 
7000-8009 feet above the sea, falling in red 
barks grown at 5000-0000 feet, a minimum ash 
being found in Tjodger bark, which grows at an i 
altitude of '3000-5000 foot (Hooper, Pharm. J. | 
1880, 17, 545). 

Constitution of the Cinchona Alkaloids . — j 
Only a short account of tin* great, amount of ! 
work done on this subject can be given here; \ 
for fuller details, consult ‘ Vegetable Alkaloids,’ j 
by Pictet (Biddle, 1904), ‘ Die Konstit ution der j 
Ohinaalkaloide,’ by Comanduei (Kammlung i 
ehom u. chem. Vortrugo, 191 1,10; Bnnde, 4 7), 1 
and Rabe’s ami Kaufmann’s articles in the | 
Benchte and Annalen since 1907. 

The eonstivution of cinchonine has been the 
most fully investigated of these alkaloids, and 
its relation to the other common alkaloids being 
simple, it is an easy matter to dedueo their 
constitution from that, of cinchonine 

Cinchonine 0| B H 22 ON 8 is a ditertiary base 
forming di- alkyl iodide addition products On 
distillation with potassium hydroxide it gives, 
as the main product., quinoline, and a smaller 
amount of lepidino (4-methylqninoline), showing 
that cinchonine has a methylqmnoline nucleus. 
Cinchonine may therefore be written 

c 9 h 8 n-c 10 ii 1# on 

On treatment with tho halogens, or haloid acids, 
it forms addition products, taking up 2 atoms 
of halogon or 1 molecule of acid, a fact pointing 
to the presence of a vinyl group. By the action 
of permanganate in the cold, a body, cinehoto- 
nine, which does not contain the vinyl group, 
is formed, and an atom of carbon is split off 
as formic acid, thus : 

C 9 H 8 NC 8 H 13 ON(0H : CH 2 )+40 
Cinchonine 

c b h,n-c 9 h 13 on*cooh+h-cooh 

Clnehotenlne Formic acid 

The vinyl group probably exists, therefore, in a 
side chain. Cincnonine and cmchotemne both 
contain a hydroxyl group, giving mono-acetyl 
derivatives. This completes the knowledge of 
the simpler groups in cinchonine, which can now 
be written CjHeN-CBHj^OHKgH : CH 2 )N. There 
remains the constitution of the 0 g H ls portion 
to be eluoidated, together with the positions of 
the Hydroxyl and vinyl groupB, 

Vox* H.— T. 


Now, on oxidising cinchonine with chromic 
acid, the molecule is Bplit in two, yielding about 
one-half its weight of einchonic acid C 1B H,0 2 N 
(4-carboxyquinolino) ; and about half its weight 
of a syrupy mass consisting of a primary body, 
meroquineno Cyll^'COOH’N, and its secondary 
oxidation products, cincholoiponio acid 

C i H n (COOH) 2 N ■ 

and loiponic acid C.H^POOH^N. Oinchoninic 
acid is evidently the product of the methyl- 
quinolme nuelous, and the other three acids the 
product of the ' second ’ half of cinchonine. 
The primary oxidation product of the ‘ second ’ 
half, moroquinene, throws much light on the 
constitution of this portion of the cinchonine 
molecule, and is known to have the formula : 

(HI -OH , flOOIl 


0H*/\0H-CH : CH a 

OIdI^JoH, 


Now moroquinene is a secondary base, but oh 
cinchonine is ditertiary, moroquinene must bo 
derived from a portion of the ‘ second ’ half, 
having the formula : 


(!Jl a r \CH-CH ;(<H 2 

ch.A Jch, 


This and the quinoline portion account for 
0 18 II 19 N 2 of the cinchonine molecule, and there 
remains hut (Hi., (OH), for which positions must 
be found. 

On heating cinchonine with acetic acid it 
undergoes isomeric transformation into oinchoni- 
cine, a molecular rearrangement in which the 
hydroxyl group vanishes, and a carbonyl group 
appears, the tertiary character of the ‘ second ’ 
half becoming secondary at the same time. 
This is a change which Rabe’s researches have 
shown to be effected by this grouping : — 


-CH(OH)— OH— fr- 


-00 — CH, NH 


This supplies the last link required in the 
cinchonine molecule, which may now be formu- 
lated as tho basis of the cinchona alkaloids : — 

(2) (1) ^ 

* OH., — CH — CH-Rf 


x OH( OH ) — OH — N — CH a 
(4) (3) 

In cinchonine, cinchonidine, cinehonicine, 
quinine, quinidine, and quinicine R= ~CH : 0H a . 

In hydrocinchonine, hydrocinchonidine, hy- 
droquinine, and hydroquinidm i R— — CH 2 CH 3 . 

In cinohonine, cinchonidine, cinehonicine, 
hydrocinchonine, and hydrocinchonidine X=H. 

In quinine, quinidine, quinicine, hydroqui- 
nine, and hydroquinidine X=OCH 3 . 

Tn cupreine X=OH (with phenolio proper- 


Tn cupreine ! 
ties). 
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Cinchonicinc and quinicine have the ketonic 
grouping at carbon 4, as indicated above. 

Tho numbered carbon atoms are asym- 
metric ; and tho isomerism among these alkaloids 
is frequently due to tho spatial arrangement 
around the carbon atom 3, since the asymmetry 
of the other three carbon atoms 1 , 2, and 4 may be 
destroyed without interfering with the isomonsm 
of the products (Rabe, Annalen, 1910, 373, 
85). 

It may be noted here that in the r/itertiary 
bases fluorescence only occurs in those in which 
X~~OCH 3 , or a higher'alkyl group. The toxicity 
of these alkaloids also appears to increase as 
the alkyl group m the X position increases from 
methyl to octyl. 

The known conversions of one alkaloid into 
another may be given. 

Cinchonine or einchomdino on heating with 
moderately strong sulphuric acid is converted 
to cinchonicmo ; quinine or quinidme yielding 
on similar treatment quinieme (Pasteur, (l^mpt 
rend. 1853, 37, 110, 100) 

By heating cinchonine in amyl alcohol 
solution with potassium hydroxide part is 
converted to cinehonidine (Konigs and H usman, 
Her. 1890, 29, 2185). 

Cupreine is converted to quinine by heating 
at 100°C. under pressure with sodium and 
methyl chloride in methyl alcohol solution 
(Crimaux and Arnaud, Compt. rond 1891, 112, 
770, 1304). Similarly, higher alkylated bodies 
may be prepared. Hydroqumine, when heated 
under pressure to 140° with hydrochloric acid. 
sp.gr. 1*125, or boded with hydrobromic acid 
sp.gr. 1*49, or hydriodie acid sp.gr. 1*7 is con- 
verted to hydroeupreino, its mot.hoxyl group 
being roplacod by —Oil (Hesse, Annalen. 
1887, 241, 255; Pum, Monatsh. 1895, 10, 
73). 

Tho hydro- basos (in which R~— OH/OII.,) 
may bo prepared from their respective un- 
saturated alkaloids, dissolved in dilute sulphuric 
acid, by the aotion of hydrogen under pressure 
in the presence of palladium black (Eng Pat. 
3048, Feb. 10, 1912). Oinchonicine has been 
converted to cinchonmo by Rabe (Ber 1908, 41, 
07; 1911,44,2088). 

Kaufmann and Huber have converted 
hydroeinchonicine into a mixture of hydro- 
cinchonine and hydrocinchonidine (Ber. 1913, 
40, 2913). 

No oompleto synthesis of any of the cinchona 
alkaloids has boon effected, although bodies 
very closely related to them both in structural 
formula* and medicinal properties have been 
obtained (Ber 1913, 40, 1032 and 1823; 1917, 
50, 144). Robinson has suggested by an 

ingonious method a possible phytosynthesis of 
these bases from formaldehyde, ammonia, and 
an acetone derivative. It is interesting to note 
that Perkin discovered the aniline dyes whilst 
trying to synthesise thane bases. 

Therapeutic Value . — The first work of 
importance on the comparative thorapeutic 
effect of the various alkaloids was in 1868. 
when an Indian medical commission reported 
on tho relative efficiency of the four principal 
alkaloids then commercially obtainable in 
.the treatment of malaria. This commission 
placed the alkaloids in tho following order of 
efficiency : 


, , I Quinine. 
l8C I Quinidine. 

3rd Cinehonidine. 
4th Cinchonine. 


At about the same time, «T. E. Howard 
reported, as a result of his administration to 
patients suffermg from the mild English malaria 
or ague stdl common at that time in the Essex 
marshes, that ho considered quinine and cincho- 
nine equally effective, and cinehonidine and 
quinidine somewhat less satisfactory. Of late 
years the researches establishing the constitu- 
tional formula* of these alkalords has led 
pharmacologists to study the particular arrange- 
ment of the groups m the molecule which has 
the greatest effect in malaria prophylaxis and 
other uses of quinine, and these researches, 
though at present incomplete, are being actively 
pursued in various directions. 

The modern uses of the cinchona alkaloids 
may be divided roughly under four headings. 

1 In small doses as a lomc and stomachic. 

2. As an antimalarud icmedy, .acting as an 
agent that will destroy the malana parasite. 
The most comprehensive work hitherto published 
is that of Major A. C. MaeGilohrist (Indian 
Journal of Medical Research, 1914, 2, 315 and 
510; 1915,3,1). 

About one- third of the qumino ingested 
undergoes cleavage of the molecule in the body, 
but whether it is this decomposed portion or 
the remaining two-thirds of the dosage which 
possesses its antnnalarial jiropertics appears 
not as yet to have been determined. The 
cleavage would appear to be the breaking off of 
the ‘ loipomo ring 1 (ot second half) from the 
quinoline nng portion of the molecule, the former 
yielding some such nucleus, as is described by 
Koenigs under the name of ethyl -qmnuclidino 

(11 


II 2 (! CH 2 <H1(!JI b 

! ch, ! 

H,<\ I /CH 2 


N ' 


It would appear that tho methoxy group 
or — OCH, siilo chain of quinine and hydro- 
quimne render the specific action greater than 
those alkaloids, such as cinchonine and cupreine, 
which do not possess it. Following up this 
side chain theory, efforts have been made to prove 
that by increasing the value of this group as in 
ethyl hydrooupreine, or its more highly alkylated 
homologues, the antimalarial effect is still 
further increased. Results have not bo far been 
very conclusive, and the point remains to be 
established in the future. 

Anothor channel in which much investiga- 
tion has rooently been conducted is in the 
quinotoxin group of compounds. These have 
for many years been administered as a febrifuge 
under the name of quinoidine, which is really a 
mixture of quimcine, cinchonicine, diquinicine, 
and dicinchonicine. The present researches, 
which are being carried out with the individual 
bases obtained in as pure a state as possible, 
depend upon the theonr that the quinioine or 
I quinotoxin molecule, tor instance, owing to 
; the opening up of the * loiponio ring,’ possesses 
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a greater speoifio action than the corresponding 
‘saturated’ molecule. 

These researches are still incomplete, but if 
the faot wore established that, owing to its 
increased specific action, quinotoxin could be 
administered in a very much reduced dosage as 
compared with quinine, then owing to the com- 
parative simplicity of its preparation, it might 
well form a formidable rival to the natural 
alkaloids of commorce. 

3. In treatment, of Pnevnmna. — Most of the 
work in this direction appears to have followed 
the 1 side-chain theory,’ and to have, boon earned 
on with ethyl hydrocupreine which was before 
the war manufactured in (Jcrmany and sold 
in small quantities on this market under the 
registered name of ‘ Optoehin.’ No work has, 
up to the present, been published to show 
whether a further increase in the side chain to 
the higher homologues renders this treatment 
more effective. 

Apparently the results obtained up to 
August, ibis, do not show any marked 
superiority over the ordinary commercial 
alkaloids. 

4. Aft an Antiseptic in the treatment of Wound*. 

— A considerable amount of work has been 
done in (lermany on the use of the higher 
alkylated homologues of the hydiocupreine 
series as a wound treatment m war surgeYy. 
Prof. Klapp, following on the work of Morgenroth 
and Tugendreieh (Phar.ni. Zeit. Nov. 7, 1917, 
603 ; and JDeut. Med. Worh. 1917, 44), claims 
that, by lengthening the side chain as far as the 
isoctyl member of the hydiocupreine senes, he 
has obtained an antiseptic superior to any 
known wound dressing. 11(5 claims that this 
compound has 20 times the power of quinine, 
and 10 times that of ethyl- hydrocupremc, m the 
destruction of streptococci. * 

These comparative results are quoted as 
having been obtained ‘ in vitro,’ and must 
therefore bo accepted with reserve ; and time 
alono will show whether this treatment will 
really bo found to be superior to tho far simpler 
and cheaper Dakin’s solution or tho highly 
satisfactory ‘ chloramino-T ’ treatment. 

Although the precise relation between tho 
constitution of the alkaloids and their thera- 
poutio value has clearly not been established, 
enough work has been done to indicate a possible 
future for derivatives of cinchona alkaloids 
either of the ‘ unsaturated ’ (quinotoxin) or 
of the ‘ increased side chain ’ type, which from 
the purely scientific and medical point of view, 
might be of even greater importance than the 
present universal uso of tho parent alkaloids as 
one of our few standard remedies. 

General Properties of the Cinchona Alkaloids. 
— These bases are mostly white crystalline non- 
odorous bodies, with a bitter flavour and strong 
basio properties, some being sufficiently powerful 
to displaoe ammonia from its salts. On heating 
strongly they docompose, evolving fumes of a 
ooiour resembling iodine vapour, and with a 
qulnolinio odour. They are very slightly 
soluble in water, but are fairly readily soluble 
in organic solvents, there being, however, 
notable exceptions. Acids dissolve these alka- 
loids forming two series of salts, neutral and 
acid, of the general types B s H 2 S0 4 and B'H 8 S0 4 . 
Even more acid salts of the type B*2H t S0 4 are 


obtainable in some oases. These salts are 
generally white crystalline bodies, of very 
varying solubility in solvents generally, and 
with a very bitter taste. Solutions of the salts 
in water when treated with alkalis precipitate 
the alkaloid, with the oxcoption oi cupreine, 
which, being phenolic in character, is soluble 
in alkalis. 

A strong blue fluorescent solution is obtained 
with many of thoso alkaloids when dissolved in 
dilute sulphuric acid, viz. quinine, qumidino, 
hydroqumino, hydroqumidme, chquimcino. This 
is a very delicate test which is best seen by 
reflected light. The haloid suits do not show 
this fluorescence, which is also destroyed by 
adding a haloid salt or hyposulphite to tho 
sulphuric, acid solution. 

All the cinchona alkaloids have, in solution, a 
marked rotatory influence on polarised light, 
which is affected by the temperature of the 
solution, the solvent employed, the concentra- 
tion, and tho amount of acid present. With 
mineral acids the maximum rotation is observed 
will'll the mad is present, m little more than the 
amount to form tlio acid salt ; but with organic 
acids a much greater amount of free acid is 
required. 

Whi'ii certain of those bases are treated in 
dilute solution with chlorine- or bromine-water, 
followed by ammonia added drop by drop, a 
deep green colouration or precipitate is obtained. 
This is known as the thaUeioqiun test (/ hallos, 
a young twig), and is given by quinine, quinidine, 
quinicme, hydroqumino, hydroqumidme, cup- 
reine, and diqumicmc. 

Tho cinchona bases aro di -tertiary amines 
forming mono- and di-alkyl iodide additive 
compounds. 

The hydrochlorides of the bases form double 
compounds with several metallic chlorides, of 
which the chief are : (a) the chlorozincates of 
the general formula B,2HCl,ZnCl a ; (h) the 

chloromercu rates B,2H01,Hg(H, ; (c) the cliloro- 
aurates B,2HCl,Au(Jl 3 ; (d) the platmochlorides, 
of which there are two types, B,2HCl,PtCl 4 and 
B 2 ,2HCl,Pt01 4 . Of these (c) and ( d ) have 
| been much used in the determination of the 
molecular weights of the bases. 

The cinchona alkaloids are nearly completely 
precipitated from solution by tannic, picric, 
or pnosphotungstic acid, potassium mercuric 
iodide (Mayer’s reagent), and potassium bismuth 
iodide (Dragendorff’s reagent). 

MelhoeCk of Extracting the Alkaloids * of 
Cinchona Barks . — Before extracting the bark it 
must be treated in such a manner as will ensure 
the alkaloids being in a suitablo condition for 
extraction. For this purpose the bark must 
be in a finely powdered condition, the finer the 
powder tho more rapid and thorough being the 
extraction. The whole of the bark should be 
ground to pass a sieve with at least forty meshes 
to th!b linear inch. This point is of special 
importance in assaying, as cases are 4mown in 
which the harder portions of tho bark (which 
might be rejected as gruffs if the whole were not 
finely ground) are richer in alkaloids than the 
softer parts. Tho next stage in the process 
is that of liberating the alkaloids from their 
combinations with the natural acids of the bark, 
in order to render them soluble in the solvent 
employed. This is effected by moistening the 
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bark with a dilute alkali, or by mixing it with 
lime and damping with war-er, and allowing to 
stand for some hours. The whole may then 
be dried, powdered, and extracted with chloro- 
form, ether, petroleum spirit, or a mixture of 
those ; or the damp bark may be extracted 
diroot with petroleum, amyl alcohol, benzene, 
naphtha, or mixtures of these. Thus Landrin 
(Oornpt. rend. 1889, 108, 750) and Zebel (Oh cm. 
Zeit. 1891, 15, 7115) describe processes using 
petroleum ; the Brit Pharm 1914, directs the 
use of a mixture of .‘1 volumes of Ixmzene and 
1 of amyl alcohol ; while the IT.N Pharm. 1910, 
employs a mixture of 2 volumes of ether and 
1 volume of chloroform. On the large scale 
tho solvent employed will naturally be the 
cheapest, while on the small scale, where an 
efficient reflux extraction apparatus can be 
used, chloroform or ether are convenient. 


Zebel (/ r.) describes the commercial process 


200 c.o. of a mixture of chloroform and ether 
(l : 2), Stopper the flask, shake it well, and 
let it stand 10 minutes. Then add 5 c.c. of 
ammonia water, shake the flask frequently for 
1 hour, and let it Htand from 8 to 10 hours. 
Now add 10 e c. of distilled water, shako the 
mixture thoroughly, and when the drug has 
settled decant- 100 c.c. of tho solution, represent- 
ing 4 grams of cinchona, Filter through a 
pledget of punfied cotton into a separator, and 
rinse both cylinder and cotton with ether. 
Completely extract the alkaloids from the 
chloroform-ether solution by shaking out 
repeatedly with weak sulphuric acid. 

An older method of extracting the hark, 
duo to <le Vrij, was that, of treating the powdered 
bark with a large excess of milk of lime, drying 
down and extracting with alcohol. But this 
has been entirely given up owing to the great 
amount of colouring matter extracted with the 


thus : The finely powdered hark is ground to a I alkaloids, and the consequent diflieulty in 


thin paste with lime, sodium h\droxide, or | purification. 


sodium carbonate, and extracted with warm 


Amiy of Ci vr Junta Bat l s — The accurate 


paraffin oil. On standing the oil separates, i assay of a bark is milch more diflieult- than 
when it is run off and shaken with sulphuric appears at- first sight owing to the obstinacy 
acid ; this acid solutiop is boiled, and wink' with which one alkaloid will form more or less 


boiling is neutralised (to litmus paper) with dolinite compounds with the others when crystal- 
sodium carbonate anrl allowed to cool. Quinine lising as alkaloid or salt, and also on account 
sulphate crystallises oaf- on cooling, while of t-ho changes m its solubility in solvents when 
cinchomdine, cinchonine, and qumidme remain varying quantities of other alkaloids are present? 


in solution as sulphates. The quinine sulphate | For these reasons a process of assay giving good 
is purified l>v rrcrystallisation from water after results when, for instance, a Ledger bark, in 
treating with animal charcoal The mothei- which quinine is the mam constituent is 
liquor containing the other alkaloids is t, rented tested, will not be accurate for a Succirubra 
with sodium hydroxide and the precipitate bark m which the enu homdine and cinchonine 


treated with dilute alcohol Of the three bases 

n ‘ u fated, qninidine and emehonidine are 
ved by the alcohol, while cinchonine is left 
behind ; the two former can then he separated 
by means of their neutral tartrates, that of 
qiiinidino being considerably the more soluble 
Landrin (l c ) gives t-his description of the 
small scale extraction : 200 grams of bark are 
powdered arid passed through a No 40 sieve, 
t-hon mixed thoroughly with 1 litre of milk of 
soda-limo containing 75 grams of quicklime and 
75 grams of solution of sodium hydroxide 
(sp gr. 1-275). To f ids mixture, diluted if 
necessary by adding a little water, 2 litres of 
petroleum are added, heated to 100° for 20 
minutes, with constant agitation ; the oil is 
then decanted, and the extraction repeated 
with a second 2 litres. The 4 litres of extract 
are washed twice with 75 e c. of 10 p e" sulphuric 
acid added to 150 re of water; and a third 
time with one-third of these quantities. 

Tho British Pharmaeopieia, 1914, method is 
as follows : 10 grams of the bark in No 00 powder 
are mixed with 0 grams of slaked June, and the 
whole moistened with 22 e c. of water and 
allowed to stand for 2 hours. This is transferred 
to a flask provided with a reflux condenser 
and boiled with 130 c.c of benzolated aVnylie 
alcohol (benzene, 3 volumes ; amyl alcohol, 
1 volume) during 30 minutes. The liquid is 
filtered off and the treatment repeated twice, 
the mixturo of bark and lime being finally 
transferred to the filter and washed with tho 
solvent till exhausted. 

The U.S. Pharmacopoeia (9th revision, 191fi) 
process is : Introduce 5 grams of cinchona in 
No. 40 powder into a 500 c.c. flask, and add 


usually exceed the quinine in amount. A 
knowledge of the type of bark being assayed, 
and of its alkaloidal contents, is therefore of 
great importance, the experienced analyst- 
being able to foretell the state of purity of his 
various precipitates and so regulate his analysis. 

A * full ’ analysis of a bark usually consists 
of tho estimation of the quinine, quimdine, 
einehomdinc, cinchonine, and total amorphous 
alkaloids. To obtain satisfactory results a 
quantity of alkaloid of about 5 grams should be 
available. It is deem able to start the assay 
with the estimation of the total alkaloids, as 
the subsequent- work is simplified by so doing 
and the result is a useful check on the estimation 
of the individual alkaloids. For this purpose 
it is only necessary to evaporate the extract 
obtained by any of the methods described under 
the previous heading to constant weight ; or, 
in tho ease of t-he paraffin and sulphuric acid 
extraction, to make alkaline with sodium 
hydroxide, wash out with chloroform, and 
evaporate to dryness Dry to constant weight 
at 100° 110°. Having obtained the weight of 
total alkaloids, add 3 c.c. of 10 p.c. sulphuric 
acid for every gram of alkaloid, and warm on 
the steam-bath till completely dissolved. Then 
add 80 c e. of distilled water for every gram of 
alkaloid, boil, and while boiling neutralise 
exactly to litmus paper with dilute ammonia 
solution (10 p.c.). On cooling for 2 or 3 houre 
with occasional stirring practically the whole of 
the quinine will orystallise out as sulphate, 
owing to it being almost insoluble in ammonium 
sulphate solution. Filter through counter- 
poised filter papers on the filter-pump, press the 
orystals down well, pumping os dry as possible, 
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and following with two washes of oold water 
each about equal m volume to the bulk of the 
precipitate. The filter papers and crystals ^aro 
now dried to oonstant weight at 100°. The 
woight of anhydrous quinine sulphate found 
multiplied by 1 *18 gives the amount of rough 
hydrated quinine sulphate, or by 0*868 the 
amount of rough quinine alkaloid. This quinine 
sulphate is neither white nor pure, being usually 
contaminated with colouring matter and ein- 
chonidme sulphate, and requires further treat- 
ment, for which sec under ‘ Quinmo Sulphate.’ 
But with the present-day pure Ledgenana barks 
tho weight may be taken as representing the 
true amount of quinine sulphate, as in some 
thousands of analyses of this bark by the 
present writers the amount of quinine sulphate 
left in the mother liquor almost exactly com- 
pensates for the impurities m the crystals weighed. 
It is, however, a safeguard in all cases to test 
for any undue amount of omehonidmo as 
described under ' Quinine Sulphate.’ 

To tho mother liquor and washings from the 
crystals ado about 20 grams ot Rochelle salt, 
dissolved in 30 e.e. of hot water, and stir 
occasionally during 2 or 3 hum's. Cinchomdiue 
is completely precipitated as taitrate. This is 
collected oil counterpoised filter papers at tho 
pump, washed with three lots of cold water 
each about equal m bulk to the pieeipitato, 
which is then dried and weighed. This weight 
multiplied by 0 707 gives the cmchonidme 
alkaloid. Should the bark contain very little 
cineliomdine, and no taihate be obtained in the 
3 hours’ standing, it is best to leave the solution 
for a full 24 Iiouih to ensure complete precipita- 
tion. The filtrate fi om the euiehonidme tartiate 
is now evaporated to one-half, half its volume of 
methylated spirit and 5 grams ot neutral 
potassium iodide dissolved in 5 e e. of water 
are added, and the liquid left for at least 2 
hours with frequent stirring The quinidme 
hydrioilido is fi I tried off at the pump on a 
counterpoised filter paper, washed with a little fit) 
p.e. methylated spirit, dried and weighed. 0 0008 
gram is added to this weight for each 1 e.e. of 
filtrate and washings, which total multiplied 
by 0*7180 gives the quinidme alkaloid. The 
filtrate is made alkaline with sodium hydroxide 
and shaken with ether (free from alcohol) in a 
separator, the aqueous portion drawn off and 
twice again shaken with small quantities of 
ether, the ether extracts bulked, allowed to 
stand 1 hour, and the cinchonine filtered oil on 
counterpoised papers at the pump, two small 
washes with ether being given. The cinchonine 
is dried and weighed, and to its weight is added 
0*0027 gram for each 1 c.c. of filtrate and 
washings. The ether evaporated to dryness 
and constant weight gives the total amorphous 
alkaloids, from which should be subtracted 
the weights added on as corrections for quinidme 
and cinchonine. 

The above method is made up of the best 
points of the many published methods of assay, 
and will be found to give good results m inex- 
perienced hands. For other methods, see 
Allen’s Commercial Organic Analysis, 1912, 
vol. vi. 490-495. 

The British Pharmacopoeia, 1914, specifies 
that the bark (0. succirubra) ‘ when used for 
official purposes other than the preparation of 


alkaloids or their fc salts, .shall yield 5-6 p.o. of 
total alkaloids, of which^not less than half shall 
consist of quinine and oinohonidine. The 
method used is that of extracting the amylated 
benzene solution of alkaloids (see above) with 
dilute hydrocliloric acid, neutralising the acid 
solution with ammonia, and precipitating tlio 
quinine and cinehonidino together as tartrates 
by the addition of Rochelle salt. The remaining 
alkaloids are then precipitated from the filtrate 
by ammonia. 

Tho United States Pharmacopoeia, 1905, pre- 
scribes 5 p.e. of total alkaloids and 4 p.c. of 
ether-soluble alkaloids (i.e. quinine, quinidine. 
and cineliomdine). This is carriod out by 
dividing the acid solution of the alkaloids into 
two equal portions, shaking one with ammonia 
and chloroform-ether mixture to obtain total 
alkaloids, and the other with ammonia and 
other for ether-soluble alkaloids. The U.8.P., 
1910, omits the ‘ ether -soluble alkaloid ’ test. 

The German Pharmacopoeia (1910) method 
consists of estimating tho total alkaloids by 
extracting the chloroform-ether mixture (1:3) 
with deemonnal acid m execs, s, and titrating 
baek the excess of aeul over the neutral point 
with deemonnal alkali, using alcoholic htema- 
toxylin solution ay indicator. 6 5 p.c. of total 
alkaloids are required. 

Titration methods are liable to serious 
errors and cannot be recommended, but can 
be employed as useful rough cheeks on analysis. 
Generally speaking, the free alkaloids are neutral 
to phenol-plitliulein, the neutral sulphates 
(Bj*H 2 iS 0 4 ) ate neutral to litmus, brazil wood, 
laomoid, cochineal, and Jneniatoxylm, but 
alkaline to methyl- orange, which roughly indi- 
cates tho bisulphate point (B*H 2 S0 4 ) (Allen, 
Analyst, 1890, 21, 85; Ian* and Wright, 
Pharm. J. 1894, 2fi, 124 ; Messncr, Zeitsch. 
nngew. Chein. 1903, 10, 444; Engelhardt and 
Jones, Pharm. J. 1910, 30, 230 ; Katz, Ber. 
Deut. pharm. Ges. 1910, 20, 310). 

Oudemans (Annalon, 1870, 182, 33) has 
strongly recommended tho polarimetnc assay 
of the cinchona alkaloids, and a good deal of 
controversy lias raged around the subject ; 
the majority of the evidence appears to be 
against tho method, owing to the difficulty of 
obtaining the bases in a pure enough condition 
for accurate polarimetnc reading (Hesse, 
Amialen, 1875, 170, 205; 1870, 182, 128; 

Koppeschar, Zeitsch. anal. Chein. 1885, 24, 
302 ; Leger, J. Pharm. Chun. 1904, 19, 42?). 

Quinine and its Derivatives arid Malts. 
— Quinine alkaloid is usually prepared by pre- 
cipitating a solution of quimno liydrochldride 
with an alkali or ammonia, washing free from 
chloride and drying at a low temperature. 
Tho commercial article is a soft white granular 
odourless powder with micro-crystalline struc- 
ture, and contains up to 11 p.c. H 2 0 (dihydrate). 
It crystallises from ethereal solution below 10° 
with 3H 2 0 (14*3 p.c. H 2 0), but tjie ethereal 
solution evaporated gives a reainoid mass con- 
taining 1H 2 0 (most other cinchona alkaloids 
give crystalline residues from ether). Alcoholic 
or ammoniacal solutions deposit needles with 
3H 2 0, which rapidly effloresce in the air above 
15° giving a diliydrate. This is the composition 
of the commercial article, although most 
pharmacopoeias require the trihydrate. The 
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trihydrate loses all its water over sulphuric acid. 

It melts at 57°, and in estimating tne moisture 
it is therefore best to dry for some hours at 
40°-50°, then gradually raise the temperature 
to 100°. In this way no melting takes place, 
and the dehydration is rapid. Other hydratos 
containing ], 8, and 9ILO have been described. 
Anhydrous pure quinine molts at 174-9°. It 
is a strong base displacing ammonia from its 
salts in hot solution, and neutralising the 
strongest acids. The pure bast' has a bitter 
taste, which develops slowly , the commercial 
article is more bitter on account of the presence 
of impurities which give more rapid solution. 
Ammonium and calcium salts notably increase 
the solubility of the alkaloid m water, while the 
alkalis render it less soluble The anhydrous 
alkaloid is soluble in 1750 paits of water, in 
3450 parts of potassium hydroxide (5 p.c.), and 
in 1800 parts of ammonia (10 p.c.) at 25’C. 
The tnhydiate is soluble m 0-8 parts of alcohol, 
11 parts of chloroform, I 9 parts of ether, 
212 parts of irlyccrm, and Hid parts of benzene 
at25 u C. Quinine is hevomtatorv, the trihydrate 
having in 97 p e. alcohol — 145 2"+0 657r. 

The anhydrous alkaloid in ether has [a 1^ 
= -158-7+1 91 If, whore r^l 5-0-0. 

The chief impurities likely to be met with 
in the commercial article are t blondes and 
sulphates of the alkalis or ammonia, lime salts, 
hyuroquimne, cinchonidme, and cinchonine 
1 gram should dissolve in a mixture of 0 c e. 
absolute alcohol and 3 e.c other to give a solu- 
tion remaining bright on cooling (absence of 
einehomdiiie and cinchonine, and inorganic 
salts). Hydroqumine which is liable to occur 
up to 2 p e , may bo tested for as given under 
‘ Quinine Sulphate ’ 

Quinine is distinguished from the other alka 
loids by its ready solubility in ether, fluorescent 
solution in dilute sulphuric acid (detectable 
to the extent of 1 part m 500,000), by the* 
thalleioquin test, its insoluble neutral sulphate, 
tartrate and chromate, and by its rotation 

The following are the more important 
derivatives of quinine : — 

Qultenine (! 1# li,,,<) 4 N a or 

C^lI^O-Odll/COOHN, 

(Skraup, Annalcn, 1879, 199, 348). This feeble 
base, together with formic acid, is obtained 
when quinine is oxidised with permanganate in 
acid solution at 0°, anti beam the same relation j 
to quinine as cinch otenine does to cinchonine 
(see ' Constitution ’). The quitenme is carried 
down by the oxide of manganese, from which it 
may bo extracted with 40 p e. alcohol On 
concentration and filtration quitenine comes out 
in rhombic prisms containing 4H a (), slightly 
soluble in water, insoluble in ether, but dissolves 
in acids and alkalis. Quitenme is identical 
with Kemer’s dihyclroxyquinme (Zoitseh. Chem. 
1869, 5, 503). It gives the thalleioquin reaction, 
and dissolves in dilute alcoholic Nulphunc acid 
with fluorescence. It is laevorotatory, giving 
I«] d =-- 142°; m.p. of anhydrous baso 228°. 
It gives a sulphate B,'2H a S0 4 ,15U a 0 in fine 
needles. Heated with sulphuric acid it is 
converted into an isomeric amorphous dark red 
base, quitenicine, very soluble in water. Its 


constitution is that of quinine in which the vinyl 
is replaced by a carboxyl group. Heated with 
hydnodie acid (sp.gr. l - 7) its methyl group is 
eliminated, and a new base, quitenol, is obtained. 

Quitenol C 17 H 18 Q-OH-OOOH-N 2 crystal- 
lises in fine needles containing IH a O, very 
slightly solu bio in water, alcohol, or ether. 

It dissolves readily in acids and alkalis, being 
precipitated from the latter by C0 2 . It gives 
the thalleioquin reaction, and a red colouration 
in hydrochloric acid solution with ferric chloride. 
Quitenol bears the same relation to quitenine, 
that cupreine does to quinine (Bucher, Monutsh. 
1893, 14, 598). 

Quininlc acid (’oHg OQH.pCOOIl N (0-meth- 
i oxy-4-carboxyquinolme). This acul is obtained 
on oxidising quinine with chromic acid, being 
the p- m ethoxy derivative of cmchoiiimc acid 
derived from cinchonine under similar treat- 
ment (Skraup, Her. 1879, 12, 1104; Comstock 
and Jx drugs, Ber. 1884, 17. J984; 1886, 19, 
2853). It forms yellowish prisms, almost 
insoluble m water, very soluble in acids and 
alkaloids. It is slightly soluble in absolute 
alcohol, giving a beautiful blue fluorescence, 
-which is destroyed by water or acids. Heated 
with fuming hydrochloric acid under pressure it 
loses its methyl group, yielding a phenolic body 
xanihuqunnmv acid C 9 l] B -UH C()OH-N. 

Meroquinene C B H 10 -CH : CH 2 -COOH NH (v. 

‘ Constitution 5 (Skraup, Monatsh. 1903, 24, 
298)) This body forms small colourless needles, 
m ]) 223 l ’-224 0 , very soluble in water and acids, 
almost insoluble in alcohol It is an interesting 
example of a body in which the acidity of the 
carboxyl group is neutralised by the alkaline 
propel ties of the remainder of the molecule. 
fal|) in 10 pe aqueous solution +27’9°. It 
readily forms esters. On oxidation with chromic 
acid it. gives eineholoipomc and loiponic acids. 

Cincholoiponic acid (' tt H 10 (COOll),NH. This 
acid is derived from meroqumeno by the oxida- 
tion of the vinyl gfoup Jt combines both with 
acids and alkalis, it forms rhombic prisms 
containing 1 H a ( ), melting at 126°-127°, and 
when anhydrous, at 225°-226". It is a dibasic 
acid and a secondary base (Skraup, Monatsh. 
1896, 17, 372 ; 1900, 21, 879). When the hydro- 
chloride of this acid is heated with resorcin 
and concentrated sulphuric acid, or zinc chloride, 
a fluorescein is formed, which indicates that the 
two carboxyls are in an ortho position to each 
other (Muller and Rohde, Ber. 1894, 27, 1188). 
A great deal of work has been done on the con- 
stitution of this acid, for upon it depends the 
proof of the constitution of the ‘second’ half 
of the molecule of the cinchona alkaloid. For 
later work on its stcreoisomcrides, see Konigs, 
Ber. 1901, 34, 4336; Wolil, Ber. 1907, 40, 
4693,4711; 1909,42,627. 

Loiponic acid (’ 5 H a (COOH) 2 NH (hexahydro- 
pyridino-3 : 4-dioarboxylic acid) v. ‘ Constitution.’ 
Prismatic crystals, m.p. 259°-260°, fairly soluble 
in water, easily soluble in alkalis and mineral 
acids (Skraup, Monatsh. 1896, 17, 366). 

Quinine chloride (J 20 H a3 ON a CL This body is 
formed when dry quinine hydrochloride is 
treated with phosphorus pentachloride in 
chloroform solution, the hydroxyl ^roup of the 
quinine being replaced by chlorine. It has 
basic properties, melts at 151°, gives the thalleio- 
quin rcaotion, but does not nuoreeoe in acid. 
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solution (Comstock and Konigs, Ber. 1884, 17, 
1984 ; 1885, 18, 1219; 1892, 25, 1545). On 
treatment with alcoholic potash hydrochloric 
acid is eliminated with the formation of quinene. 

Quinene C 20 H 22 ON 2 ,2H 2 () forms large rhom- 
bic crystals melting at 81°~82°. On hydrolysis 
with 25 p.c. phosphoric acid it yields mcroqui- 
nene and p-methoxylopidine (IvonigH, Ber. 1890, 
23, 2009 ; 1894, 27, 900; 1895, 28, 3143; 
1890, 29, 372). On heating with 11 Hr (sp.gr. 

1 *49) quinene yields apoqununc (p-oxyapocni- 
chene), thus : 

CaoH.jjONo + HBr-j H.,0 

-0 19 H 19 O 2 N+CH 3 Br+NH 3 

Apoqulnene C 19 li, 9 0 2 N forms crystals melt- 
ing at 240", very slightly soluble in water, 
benzene, -or ether, readily soluble in alcohol. 
Its solutions m sodium hydroxide or dilute 
hydrochloric acid are yellow (Komgs and 
Comstock, Bei 1885, 18, l'220 ; 1880, 20, 2075). 

Quininone C 2l) H 22 O ii N 2 (p-incthoxycimhom- 
nono) is obtained by carefully oxidising quinine 
(or quinidin ) with cliromic acid in the presence 
of acetic acid. Tieatcd with nitrous acid it 
yields quimnie acid, and an oxime which splits 
up on hydrolysis into meioqumene and hydroxyl 
ammc (Kabo, Ber 1907, 40, 3055, 1908, 41, 
02; Annalon, 1909, 305, 353; 1910, 373, 85; 
1911, 382, 305). Upon tins hydrolysis Italic has 
based his formula for the cinchona alkaloids 
(nee p. 89). 

Dihydroquinine C^H^fUN.,. Sehutzenbcrger 
(Annalon, 1858, 108, 348) obtained an oily 
body by the action of zinc ami sulphuric acid on 
quinine, which he named dihydroquinme. This 
is not the dihydroquinme of commerce, v. 
Hydroqumiqe (Hesse, Ber 1882, 15, 854; Bum, 
Mouatsh. 1895, 10, 72). 

Tetrahydroquinine B.» 0 H 2K O,N 2 is obtained 
by the action of sodium and alcohol on quinine 
(Lippmaim and Meissner, Monatsh 1895, 10, 
030) ; also by electrolytic reduction (Freund 
and Brcdenberg, Ammlen, 1914, 407, 43). % 

Dichlorquinine 1 24 N 2 0 2 -( ’1 2 is formed 
when quinine hydrochloride, dissolved in a 
mixture of acetic and hydrochloric acids, is 
treated with 1 molecule of chlorine. It is a 
colourless amorphous compound, melting at 
97°, and closely resembles quinine in its chemical 
behaviour. Treated with alcoholic potash it 
loses 2HC1, yielding dehydroquinine C 20 H 22 O 2 N 2 . 
By the further action of chlorine on dichlor- 
quinine, a tetra-chlormated body C 19 H 20 O 2 N 2 (U 4 
is obtained (Christensen, Ber. Deut. pharm. 
Ges. 1915, 25, 250). 

Hydroxychlorquinine (! 20 H 24 () 2 N 2 (TOH is 
obtained as an amorphous colourless powder, 
m.p. 110°, when quinine dissolved in cold dilute 
hydrochloric acid is treated with 1 molecule 
oi chlorine dissolved in water (Christensen, 
ibid.). When 3 molecules of chlorine are 
employed a tri-chlorinatod body C 19 H 41 0 3 N 2 *C1 3 
is obtainod. 

Tetrabromquinine C 20 H al o 2 N 2 *Br,„ obtained 
by treating quinine dissolved in sulphuric acid 
with excess of bromine- water. It is a yellow 
amorphous body with an odour of bromine. 

Tribromqulnlne C 20 H 24 O 2 N 2 ,Br 3 , obtained by 
treating an alcoholic solution of tetrabrom- 
quinine with H a 8. 

Dibromqulnine C 10 H 24 O 2 N 2 *Br 2 4-2H 2 O is 


obtained from the mother liquor of tribrom* 
quinine by precipitation with ammonia. Another 
anhydrous dibromquinino is obtained by acting 
on a chloroform-alcohol solution of quinine 
hydrochloride with bromine dissolved in chloro- 
form (Comstock and Konigs, Ber. 1892, 25, 
1500). 

Iodoquinines. By tho action of iodine dis- 
solved in alcohol or potassium iodide many 
badly defined iodoquinines have been obtained, 
e.g. 4B‘3I 2 , 4B 5J, B *111*1, B*2H1, B*H1T 4 
(Baiun, Arcli. Bharm 1874, 5, 392). 

Hydrochloroquinine C 20 ll 26 CIO 2 N 2 , obtained 
by treating quinine at low temperature with 
HCl saturated at —17°; m.p. I8b°-187°. In- 
soluble in water, soluble in other or methyl 
alcohol. It shows fluorescence and gives the 
thalleioquin reaction. Quinine is regenerated 
on treatment with alcoholic potash (Comstock 
and Konigs, Ber. 1887, 20, 2510; 1892, 25, 
1539). Hesse obtained this body by heating 
quinine with HCl (sp.gr. 1 •189) at 85° (Annalen, 
1808,147,241). 

Hydrobromoquinine C 20 H 26 BrO 2 N 2 is ob- 
tained by treating quinine hydrobromide with 
HBr saturated at 17°C. at a low temperature 
for 5 days. It is soluble in ether, but its 
sulphuric acid solution does not fluoresce 
(Comstock and Kbnigs, Ber. 1890, 29, 803). 

Hydroiodoquinine C 20 H 28 lO 2 JSI 2 , obtained by 
treating qunune with HI (sp.gr. 1*9) on the 
watei-bath for 1 hour. Crystals melt at 160°- 
155°. .Soluble in ether, from which crystals 
containing l(C 2 H,) a () are obtained. Its solu- 
tion in sulphuric acid is fluorescent, and gives 
the thalleioquin test. Heated with alcoholic 
potash it yields a mixture of quinine, pseudo- 
quinine, woq uimne, and niquino (Skraup, 
Monatsh. 1893, 14, 431, 440; Lippmann and 
Fleissner, ibid. 1891, 12, 327, 372 ; 1892, 13, 
429; 1893,14,553). 

Apoquinine C 10 H 20 (()H) 2 N 2 is obtained by 
heating qumino under pressure to 145° with HI 
(sp.gr. I 25 1 -35). It is an isomende of cup- 
reine, which is also converted to apoquinine by 
heating under pressure with HCl (sp.gr. 1*125). 
It crystallises in large needles of m.p. 210°, and 
[a|^'=“ 178*1° for a 2 p.c. solution in 97 p.c. 
alcohol The acid oxalate B 2 *3C 2 H 2 0 4 and 
lodohydrate B*2H1 crystallise readily. It gives 
similar addition products to quinine with the 
haloid acids, hydroiodoapoquinine yielding on 
treatment with alcoholic potash the isomer 
isoapoqiunmc melting at 170° (Lippmanh and 
Fleissner, Monatsh. 1891, 12, 332 ; 1893, 14, 
553; 1895, 10, 33; Mauther, Ber. 1895, 28, 
1972). 

Derivatives Isomeric with Quinine . — NlquiltO 
('i»H 24 0 2 N 2 (see Hydroiodoquinine). This 
alkaloid behaves very similarly to quinine, 
forming similar salts, addition products, &c. 
Itt^ sulphuric acid solution fluoresces, and it 
gives the thalleioquin reaction. It is soluble in 
alcohol, ether, chloroform, or benzene ; slightly 
soluble in boiling water, from which crystals 
containing 2H 2 0 are obtained; [«J J) = — 129'2° 
for a 1 p.c. solution in 98 p.c. alcohol (Skraup, 
Ber. 1892, 25, 2911; Monatsh. 1893, 14, 428; 
Lippmann and Fleissner, Monatsh. 1893, 14, 
553). By treating the bihydriodide of hydro* 
iodo-niquine with alcoholic potash niquino is 
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in part reformed together with an isomer 
isoniquine. 

Isoniquine C 1# H 24 O a N 2 crystallises from 
alcohol in the form of benzoic acid and melts at 
208°“20U". It shows fluorescence in sulphuric 
acid, and gives the tlmlloioqum reaction (Skraup, 
Lippmann and FlciNsner, l.c.). 

Pseudoquinine C 20 H 24 ().jN 2 , an isomer of 
quinine (v. hydriodoquimne), forms pus ms 
melting at 190- 1!)J“. It is not very soluble 
mother, readilysoluble in alcohol; [a|,,= — 104 '4° 
for a 1 p.c. solution in OS p.o alcohol 

Isoquinine an isomer of quinine 

(i>. hydroiodoquuunc), crystallises m needles, 
molting at 1 85 U -18(V and having [ a |“* - 1 80 ‘8" 
for ()■!) p.c. solution in 07 j».e alcohol It is 
readily soluble in ether and benzene, very slightly 
soluble m boding water, and reacts generally 
like quinine (Skraup, Monatsh 1803, 15, 433; 
1804, 10, 37). Hesse has also named a base 
isoqumine, which he obtained by the action of 
concentrated 1J 2 S() 4 on quinine at 120" 130°, 
or by heating with glycerin at J80"-210" (Anna- 
Ion, 1874, 174, 340; 1875, 178, 253, 1888, 
243, 140; 1803, 270, 103). 

Quinicine (quinntoxm) C 20 H 24 < LNj, an isomer 
of quinine, was iirst prepared by Pasteur in 
1853 by heating quinine bisulphate with a little 
water at 100", and afterwards isolated fiom 
quinine tads by Howard (Cliem. Soe Trans. 
1871, 24, 01 ; 1872, 25, Kill). It forms a 
reddish-yellow amorphous mass melting at 
about 50°, nearly insoluble m water, soluble m 
chloroform, ether, and alcohol, the latter solu- 
tion rapidly absorbing C0 2 from the air It 
forms salts of winch the oxalate B 2 'C 2 H 2 () 4 ,9H 3 () 
bitartrate B‘C 4 H # 0 t) ,6H 2 0, sulphoeyanide 
IHiCNS^H.O 

hydnodidc B*HI, !!_,(), chloroplatmate 
BH,PtCl 6 ,2H,() 

and aurichlonde are crystalline. Hesse also ob- 
tained a crystalline sulphate B 2 -H 2 S() 4 ,8H 2 (). 
It is eomjiletely preeipitated from its solutions 
by excoss of potassium thioeyanato us an oil 
rapidly becoming crystalline. 44 , I° for 

a 2 p.c. solution in (TIClj. It gives the thallo- 
ioquin reaction, but does not show fluorescence 
m sulphuric aenl solution. It is soluble in 
ammoniacal salt solutions, from which other 
extracts it (separation from other cinchona 
alkalqids). (Hesse, Annalen, 1875, 1?8, 213; 
Miller and Rohde, Ber. 1895, 2*8, 1058 ; Skraup, 
Monatsh. 1899, 20, 573; Howard and Chick, 
J. Soc. Cliem. lnd. 1 909, 28, 53 ; Pharm. J. 
1917, 99, 143.) 

Quinine Suits.— Quinine sulphate 
B/H 8 S0 4 ,7JH 2 0 

This salt ooours as whito light silky needles, 
odourless, but with an intensely bitter taste. 
The hydration is rather indefinite, being recog- 
nised as 8K a () by the French Pharmacopoeia 
( = 16-17 p.c.), 7IH 2 0 by the B.P. (-15 3 p.c.), 
and 7H 2 0 by the U.S. P. ( = 14 5 p.c.). It is 
completely dehydrated at 100°. Exposed to the 
air it loses water until 2H a O remain (=-4‘8 p.c.), 
the same amount being absorbed if the fully 
exsiccated salt is exposed to moist air. The 
chemically pure salt crystallises in large heavy 


needles, the lighter character of the commercial 
article being due to the presence of a little 
hydroquinine and oinohomdine, or by being 
crystallised slightly alkaline or from solutions 
containing ammonium sulphate. It is soluble 
in 740 parts of water at 15 , in 30 parts at 100° ; 
in 65 parts of alcohol at 15°, in (> parts at 
boiling-point; in 24 parts of glycerin at 15°, 
1000 parts of chloroform at 15" ; readily soluble 
(1 m 7) m a mixture of chloroform, 2 parts, 
absolute alcohol, 1 part The sulphates of the 
other cinchona bases and inorganic impurities 
are insoluble in tins mixture, winch is therefore 
a good test for the purity. It is much less 
soluble in watci containing magnesium, sodium, 
or ammonium sulphate, but more soluble if 
calcium, sodium, or ammonium chloride, or 
potassium nitrate or chlorate be present. Quinine 
sulphate has | ct 1 — — — 157*4° in absolute alcohol 
at a concentration of 2‘2 pc of the 7|H 2 0 
salt A I p e solution of the anhydrous sulphate 

in excess of dilute U 2 S<> 4 has — 235°. ^ 

dilute H 2 S<) 4 solution shows a strong blue 
fluorescence, detectable with about 1 part of 
quinine in 500,000. On treating a neutral 
solution ol the sulphate in cold water with a 
slight excess of ehloiinc- or bionunc-water 
added diop by drop, agitating for 20 seconds, 
and then adding ammonia drop by drop until 
faintly alkaline, a deep green colour is pro- 
duced ; or il more than J in 1000 of quinine is 
present a green precipitate is obtained (thalle- 
loquin reaction) On neutralising the alkaline 
solution with dilute acid the colour changes to 
blue, winch with more acid becomes red, 
reverting to green on again making alkaline*? 
By a modilicd procedure Ramsden and Lipkm 
(Annals. Trop. Med 1918, 11, 443) are able to 
detect 1 part of quinine m 400,000. Neutral 
solutions of quinine sulphate in water give the 
following almost insoluble precipitates : with 
potassium chromate B 2 -H 2 Cr0 4 ,2ll 2 0, soluble 
f l in 3150; with potassium oxalate 
B 2 ,C 2 H 2 () 4 ,6H a O 

soluble 1 m 1400; with potassium picrate 
B 2 ,C 6 H 3 N 2 () 7 , soluble 1 ui 3400; with sodium 
salicylate B,C 7 H a 0 3 ,H 2 0, soluble 1 in 2100 ; with 
tannic acid B,(Ci 4 H 10 O 9 ) 3 ,8H 2 O, soluble 1 m 
2000 ; with Rochelle salt B 2 ,C 4 H 8 0 b ,H 2 0, 
soluble 1 m 950 ; all at 25°. These are the 
solubilities of the respective precipitates in 
water; the solumllty is loss in excoss of the 
reagent. 

On adding alcoholic iodine solution to an 
alcoholic solution of quinine acidified with 
sulphuric acid an iodosulphate of quinine 
B 4 (H 2 S0 4 ) 3 (HI)J 4 ,6H 2 0, called after its dis- 
coverer, Heiejxitliilc, is thrown down as a 
roddisli precipitate (Ann. Clum. Phys. 1854, 
40, 249). ft crystallises from strong alcohol in 
tabular crystals, green by reflected light, and 
red by transmitted light ; almost insoluble in 
cold water or dilute alcohol, soluble 1 in 1000 
of hot water, but much more soluble in acidified 
alcohol. By a special method of concentration, 
Ramsden and Lipkin have been enabled to 
identify as little as 1 part of quinine in 4,000,000 
of urme, or in 20,000,000 of water by the 
herepathite reaction under the micropolariscope 
(Annals. Trop. Med. 191$, 11, 444). Joigenaen 
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(J. pr. Chem. 3, 145; 14, 213 , 256; 15, 65) 
has prepared whole aeries of salts similar to 
horepathite, having varying quantities of acid, 
iodine, and water. 

Most of the above-mentioned insoluble salts 
have been proposed as means for the estimation 
of quinine in mixtures of the cinchona alkaloids, 
but none have stood the test of time on account 
of the separations not being at all perfect, 
others of the alkaloids being co -precipitated. 

Estimation. — Two classes of products will bo 
dealt with here . (a) the rough qummo sulphate 
obtained as described under ‘ Assay of Cinchona 
Barks,’ and (b) commercial quinine sulphate. 
The only alkaloidal impurities likely to occur 
in either are cmchomuine and hydroquimne. 
Of these two, hydroquimne is easily and rapidly 
estimated, but the estimation of emchomdmo 
is a much more ditlicult matter. l<’or instance, 
it might be thought that advantage might be 
taken of the diiieient solubilities of quinine 
sulphate (I in 740) and cmchonidine sulphate 
(1 in 92) m water at, J5°. But it is found that 
on dissolving a quinine sulphate containing 
cmchonidine in water at 100°, and allowing 
the solution to cool to J5 U , the majority of the 
ein 'lionidnie will crystallise out again with the 
quimno. As many as four lecrystallisations 
will be necessary to remove the whole ol the 
cmchonidine from the quinine. If now the 
mother liquors be combined and evaporated to 
dryness on the steam -hath a product, is obtained 
containing about one-fifth of the original qumme 
together with all its impurities, if this salt be 
now shaken into punlied ether and aqueous 
ammonia (sp.gr. 0*i>5!i) and cooled down to 
0' J «for 24 hours, most of the ciiichonidmo wdl 
crystallise out at the layer of the two liquids, 
and may be filtered off, dried, and weighed. 
A modified form of this test, due to Brunier 
(I. Pharm. Chim. 1891, [v.j 23, 193 and 295), 
was the official method of tho B.i\ 1898, 
but being a very tedious process is no longer 
employed. Another method consists in pre- 
cipitating a neutral solution of the quinine 
sulphate with Rochelle salt, drying and weighing 
the combined quinine and cmchonidine tartrates, 
and taking the polanmetric roading. This js 
still employed in some laboratories, and usually 
gives fairly accurate results in experienced 
hands. But it must be remembered that as 
the optical relations of the alkaloids are so 
diverse that should even a small percentage of 
hydroquimne tartrate be co- precipitated it will 
lead to inaccurate results. Tho temperature 
of the reading is also very important, as well as 
the concentration of the solution (Oudemans, 
Annalen, 1879, 182, 33; Hesse, ibid. 128; 
Koppeschar, Zeitsch. anal. Chem. 1885, 24, 
362 ; Hooper, Pharm. J. 1880, 17, 61 ; Jung- 
fleisoh, J. Pharm. Chim. 1887, 15, 5 ; L^ger, 
ibid. 1904, 19, 427 ; Montemartini and Bovini, 
Gazz. chim. ital. 1916, 46, 153). 

> De Vrij proposed a method of precipitating 
the quinine as neutral chromate (Arch. Pharm. 
1887, 24, 1073), which was severely criticised 
by Hesse (Pharm. J. 1887, 17, 585, 665 ; see 
also Paul, ibid. 585, footnote). 

Schaefer (Aroh. Pharm. 1887, 25, 64) pro- 
posed a separation by means of the insoluble 
neutral oxalate of quinine, but the separation 
iB not complete. ' 


A better method is that proposed by De 
Vrij (Cliom. Zeit. 1885, 968), and recommended 
by Hesse (Pharm. J. 1886, 17, 486) and D. 
Howard (Pharm. J. 1896, 3, 505), which takes 
advantago of tho foot that when 5 grams of 
quinine sulphate are dissolved m 12 c.o., of 
N/lHjjS0 4 , and allowed to crystallise, 80-90 p.c. 
of the qummo crystallises out as bisulphate, 
tho whole of the emchomdmo remaining in the 
mother liquor. Tho crystal is filter-pumped 
and washed with 3 e.e. of cold water, and the 
filtrate shaken into 16 e.e. ether (sp.gr. 0*721- 
0*728) and 3 e e. of ammonia (sp.gr. 0*959), and 
left to stand for 24 hours, preferably at 0°. 
Tho cmchonulino crystallises out and may bo 
filtered oil, washed with a little water saturated 
with ether, dried, und weighed. Hesse points 
out that tins cmchomduie is not pure, but 
consists of a double compound of quinine and 
emchomdmo (C 20 I1 24 O 2 N. ! *2 C ]b H 22 O,N 2 ) ; and a 
portion of the cmchonidine is also soluble in 
tho ethereal quinine liquor, these errors almost 
exactly compensating each other (Howard, lx.). 
However, should quite accurate results be 
desired, tho process may be modified by evapor- 
ating the first biHiilphato mother liquor until it 
will again crystallise (sp gr. J *100), liltor-pump 
the crystals and wash as before, and shake this 
more concentrated cmchonidine liquor into 
ether and ammonia solution. The impure 
einchonidmo obtained is dried and weighed, 
then dissolved m hot absolute alcohol, and 2*1 
e.e. of 50 p.c. H 2 iS () 4 addl'd for each gram, and 
allowed to cool and stand, when the cmchonidine 
crystallises out entirely as tetrasulphate. This 
is filtered off on the pump, washed with a little 
alcohol, dissolved in water, precipitated with 
sodium hydroxide, filtered, washed with water, 
dried, and weighed as alkaloid. The alcohol 
mother liquor is diluted with water, the alcohol 
evaporated off on tho water- bath, the twtf lots 
of bisulpliato crystals added, and the solution 
diluted and neutralised with ammonia, when, 
on cooling, the pure quinine sulphate crystallises 
out and may be filtered off, dried, and weighed. 

For rough quinine sulphate products (a) it 
is best to dissolve them in 40 times their weight 
of boiling water m a flask, add 10 p.c. of animal 
black and a few drops of dilute sulphuric acid, 
boil for 20 minutes, filter, and allow to crystal- 
lise. Filter off the* qumme sulphate and return 
the mother liquor to tho flask, together with the 
filter-paper # and animal black; boil for 20 minuf^s, 
filter at tho pump, ’wash the filter-paper with 
two or three lots of boiling water, evaporate down 
to about one-sixth of its bulk and neutralise with 
ammonia to litmus paper. Allow to cool and 
crystallise, filter off the quinine sulphate, and 
add this to tho first crystals. Dry and weigh 
the decolourised quinine sulphate. This should 
then be put through one of the tests for cinchoni- 
dine given above, for preference De Vrij’s 
bisulpnate test. * Tho mother liquor from the 
decolourised sulphate is added to the mother 
liquor from which the original impure sulphate 
was obtained, and is put through rests for other 
alkaloids described under the ‘ Assay of Cinchona 
Barks.’ It should be noted here that neutral 
quinine sulphate is absorbed from its solutions 
by animal black (up to 15 p.c. of the weight 
of black used), and for that reason * blacking * 
in neutral solution is not permissible. 
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For commercial quinine sulphates (6) similar 
methods to the abovo may bo employed, but 
as no (or infinitesimal) colouring matter is 
present the first decolourising process is not 
required. But as tbo above methods take 
considerable time to carry out the pharmacopeias 
adopt a qualitative test, in various forms, 
suggested by Kerner (Zeitseh. anal. ('hem. 
1802, 150; Arch. Pharm. 1878, 14, 438; ibtd. 
1887, 25, 712, 74!)). This test depends upon the 
fact that quinine sulphate is the least soluble 
of the sulphates of the cinchona bases; and 
that quinine is the most soluble of the common 
bases in dilute ammonia. Whim 2 grams of 
pure quinine sulphate is shaken with 20 c c. 
of water at (>0 rt for some time, and then cooled 
to 15° for at least half an hour (to prevent super- 
saturation), it gives a filtrate which precipitates 
with aqueous ammonia (sp.gi. 0*959), the pre- 
cipitate just redissolviiig when 4*3 e.e. ammonia 
have been added. Now, quinine sulphate con- 
taining any of the other cinchona sulphates 
when treated in this manner takes more ammonia 
to give a clear solution ; and by this moans 
some idea of the puiily of the quinuu: sulphate 
is obtained. This tost has been universally 
adopted by the pharmacopeias, to which 
reference should he made tor full details, as the 
directions vary m the different phai maeopu-ias. 
Quinine sulphate containing about 5 p e. total 
of eiuehonidino and hydroquimne sulphates 
will require between 0 and 7 c c. of ammonia, 
while one containing about 10 p e. of those 
impurities will require about 10 e.e. Points to 
be noticed in applying the lest are that the 
weights of quinine sulphate and water taken do 
not, within reasonable limits, affect the result , 
the solution should be cooled gradually to 15° 
(never below), and retained at that temperature 
for not less than 30 minutes ; the filtration 
should be rapid and the mixing very carefully 
done by gently rotating and tilting the testing 
tube, otherwise' dotting of the precipitate may 
take place and a false result obtained. This 
test is greatly influenced should the quinine 
sulphate have an alkaline reaction (presence of 
free quinine), when the result is much in excess 
of that required for a neutral sulphate of the 
same degree of purity (I) Howard, Pharm ,T 
1800, iv. 3, 500) ; and also by the presence of 
alkaline sulphates, which make it appear purer 
than it is (Tutin, Pharm. J. 1000, iv. 29, 000). 
These points should be ascertained by testing 
the filtrate for neutrality •with litmus paper ; 
and by evaporating 5 e.e. to dryness and constant 
weight, when the residue should not weigh 
more than 0 # 008 gram, showing the absence of 
soluble inorganic salts (Biginelli, Monit. tfeient. 
1908, 22, 175). Should the cooling of the 
mixture be carried out above 15° a largor 
amount of ammonia will be required, and 
between 15° and 20° a correction of 0’5 e.e. of 
ammonia for each degree above ,15“ may bo 
applied. • 

Hydroquimne is best tested for by dis- 
solving the quinine sulphate m dilute 1I 2 S0 4 , 
cooling to 0°, and adding 4 p.e. permanganate 
solution with constant stirring, so long as it is 
rapidly decolourised. The solution is then 
warmed, the coagulated manganese dioxide 
filtered off, the filtiato made alkaline with 
ammonia and shaken out with ether. The ether 


solution filtered and dried to constant weight 
will give the amount of hydroquimne present. 

Quinidine, cinchonine, and amorphous alka- 
loid, which are seldom met with except in very 
rougli quinine sulphate, are best estimated by 
recrystallismg the salt and putting the mother 
liquor through the process given under the 
‘Assay of Cinchona Barks.’ 

Cupreine, never present now in commercial 
barks, may be estimated by shaking the re- 
crystallised quinine sulphate into ether and 
sodium hydroxide, running off the aqueous 
portion, and washing it twice with more ether. 
The aqueous liquor is then run into a basin, 
acidified with sulphuric acid, and neutralised 
with ammonia On coolmg any cupreine sul- 
phate present crystallises out. 

For the - estimation and examination of 
quinine sulphate, see Hillc, Arch. Pharm. 1903, 
241, 54 ; and Len /,, Zeitseh. anal. Chem. 1888, 
27, 540. 

Kerner’s test is recommended also for the 
othoi salts of quinine by all the pharmacopoeias, 
hut Tulin (/.<• ) Juvs pointed out that, the results 
obtained are quite useless , this is conlirmed 
by the present writers’ experience. The best 
method of examination of quinine salts, other 
than sulphate, is that of obtaining the alkaloid 
by putting through ether and ammonia, and 
following the procedure given under ‘ Assay of 
Cinchona Barks.’ 

Quinine disulphate 1H1 8 S0 4 ,7H ( j 0 crystal- 
lise out in while rhombic prisms when the 
normal sulphate is dissolved in an equivalent 
of 5 p c. H 2 tS0 4 . The salt effloresces readily, 
losing ()HjO over sulphuric acid, and becoming 
anhydrous at 100°. When fully hydrated the 
salt softens at. 00°, and as it, melts gradually 
decomposes into qumicine bisulphatc (Howard 
and Chick, Pharm. ,J 1017, 99, 143). The de- 
hydrated salt, melts at 100°. It has an intensely 
hitter taste and the aqueous solution is strongly 
fluorescent. It is soluble m 10 parte of water 
and in 45 parte of alcohol at 15° ; in 18 parte of 
glycerin, 920 parte of chloroform, and m 1770 
parte of ethor at, 25° ; in 1 part of water, and 
0 5 part of alcohol at 00°. On exposure to 
light it turns yellow to brown on the surface 
of the crystals. This salt is usually very pure 
oil account of the bi-sulphates of the other bases 
being much more soluble. 

Quinine tetrasulphate B2H 2 S0 4 ,7H 2 0 is ob- 
tained by dissolving the bisulphate m excess of 
strong sulphuric acid and concentrating over 
H 2 S0 4 . It is very soluble in water, less so in 
alcohol (Hesse, Annalen, 1873, l(i(i, 222). 

Quinine hydrochloride B*HC1,2H 2 0 is ob- 
tained by decomposing a solution of quinine 
sulphate with barium chloride. It forms long 
needier, which become anhydrous at 100°, ana 
molt at 158°-lfi0° without decomposition. 
The commercial salt contains about 8 p.c. H s O, 
and is usually very pure. It is soluble in 40 -parts 
of water, m 9 parte of chloroform, and in 3 parts 
of alcohol at 15° ; in 1 part of boiling water 
or 90 p.c. alcohol. It is largely replacing the 
sulphate in medicine on account of its superior 
solubility. 

Quinine dihydrochloride B-2HC1, made by 
adding an equivalent of hydrochloric acid to 
the normal hydrochloride and carefully drying. 
It is a white crystalline powder containing 
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2-3 p.o. H,0. Soluble in 0‘75 part of water, 
6 parte of alcohol, or 7 parte of chloroform, at 
15® ; insoluble in ether. 

Quinine hydrobromide BHBr,H a O, made 
similarly to the hydrochloride, or by dissolving 
quinine alkaloid in one equivalent of HBr. 
Long white silky needles, soluble in 50 parts of 
water, 7 parts of alcohol, or 10 parts of chloro- 
form at 15° ; in 1 part of boiling water. It 
fuses at 152°, melting completely at 200°. 

Quinine dihydrobromide H-2HBr,3H 2 0, made 
by adding one equivalent of HBr to the normal 
hydro bromide. Large yellowish prisms, melting 
at 81°-82°, and soluble in 7 parts of water at 
15°. Very soluble in hot water or alcohol, 
insoluble in ether. 

Other sails of quinine m use, with their 
solubilities m water, and the amount of alkaloid 
they contain arc : — 

Acetate B CH 3 COOII, 1 in 20 at 15° (84*4 
p.e.) ; arsenate ILH^AsO^bHjjO, 1 in 050 at 
25° (004 p.e.); hi -arsenate B*H 3 Ak() 4 ,2JI 2 0 

(04 5 p.e.); arsenite B ,\H jAs0. t ,4JL(), J in 150 
hot (83d pc.); arrhonalato B 2 *AsCH 3 <) (80 4 
pc); arsanilatc (p-anudophonylarsenato) 
B NH ,-C! ( ,H 4 -Ah(). 1 H, 1 m 035 at 15° (01 8 pc ) ; 
benzoate 1H l 7 H 6 (L, I m 350 at 25° (72-0 p c.) , 
bimurearbamide B "(X )(N H 2 ) , - 2HCl,51I 4 ), 1 m 1 
at 15° (50'3 p.e ) ; eamphorate 
B/<J j0 H Ifi O 4 ,411 2 <), 

insoluble (70‘4 pa); eaibonate B'H 2 C0 3 ,H,0, 
soluble (73-7 p.e.); carbolate BC 8 H 6 ()li (77 *5 
p.e.); chlorate (B'H(!1() 3 ) 4 ,7H 2 <) (73-0 p.e.); 
ehloromercurate B\2H(U HgCl.J (48 5 p.e), 

ehloroplatinato B 2 -H 2 i , tCI # ,3H 2 () (58 3 pc.); 
biehloroplatinatc B-H i! I , t(!l c ,H !! () (43 1 p.e.); 
chromate B 2 -H ,Cr() 4 ,2H 2 <), 1 "in 3150 at 25°, 
(80‘S p.e.); bichromate B*11 2 Ci 0 4 ,8J1 ,0 (55 3 
p.e.) ; cinnamate B0 y ll H () 2 (08*0 p.e ) ; citrate 
(basic) B 2 -(' # H/) 7 ,311 2 (), 1 in 1200 at 15° 
(72'5 p.e.); citiate (neutral) B.,(( , 6 IJ r () 7 ) i! , 

1 in 800 at 17" (71 '7 p.e); citrate (acid) 
B-C,H 8 0 7 , 1 in 040 at 17° (02-8 p.e.); ethyl- 
sulphate BH(! 2 H 6 8() 4 (71-2 p.e.); bi-etliyl- 
sulphate B'(li(^H 6 'S0 4 ) 2 (50*2 pc.); formate 
(quinoform) B Cii 2 <) 2 ,H.,(), 1 in 10 at 15° 
(83’5 p.e.) ; bi-formate B , (CIi 2 () 2 ) 2 (77 '9 p.e ) ; 
glycerophosjiliatc (‘ Kincurine ’") 

B 2 C a H,() 3 H a P0 4 ,4H 2 () 

1 in 850 at 25° (72-0 ji.e.) ; bi-glycerophosphate 
B’C 8 H 7 O 3 'H 2 PO 4 .10H 2 () (40’8 p.e.); liydro- 
ehlorophosphate B*HCl(H i ,I > 0 1 ) 2 ,3H 2 0, 1 in 2 
at 15° (53’0 p.e.) ; hydrochlorosulphate 
B 2 -2HCPH 2 80 4 ,3H 2 0 

1 in 2 at 15” (74-4 p.e.); hydrofluoride RHF 
(insoluble) (04*2 p.e.) ; hydnodide B‘H1, 1 in 
205 at 25° (71 7 p.e.) ; bi-hydriodido B-2H1,5II 2 0 
1 in 20 at 15° (48 4 p.e.); hypophosphite 
B‘H a P0 2 , l m 250 at 15° (83d p.e.) ; isobutyl- 
formate B-C 6 H l0 () 2 (70d pc.); isovalerianate 
B-C 5 Hj 0 O 2 (76d p.e.) ; laetato B-C 3 H 6 () 3 , I in 0 
at 16° (78*3 p.e.) ; methylsulphate B'H(\H 3 S0 4 
(74-3 p.e.) ; nitrate B'HN0 3 .H 2 0, 1 in 70 at 
25° (80-0 p.e.); oxalate B 2 *(! 2 H 2 O 4 ,0H 2 O, 1 in 
1400 at 25° (70‘6 p.e.) ; bmoxalate 
BC s H 2 0 4 ,H 2 0 

(75*0 p.e.); perchlorate B2HC10 4 ,7H,0 (49 8 
p.e.); periodide B'HI 3 (insoluble) (45*9 p.e.); 
phosphate B g *H a P0 4 ,8H a 0, 1 in 800 at 25® 


(72 8 p.o.) ; quinato B*C 7 H ia 0 4 ,2H.0, 1 in 7 at 
15° (58-7 p.e. ) ; salicylate B C.hA, 1 in 230 
at 15®(70 , 2p.c.); bi-salicylate B(C 7 H e O g ) a ,24H g O 
(50 2 p.o.) ; acetylsalicylate (aspirin-quinine or 
1 xaxaquin ’) B-C fl H 4 O0O,CH 3 CO0H, 1 in 33 at 
15° (04-3 p.e.); dibromsalicylate (‘ broino- 
ehinal’) B-C 7 H 4 0;,Br 2 (52*3 p.e.); succinate 
B 2 'C 4 HA) 4 ,8H 2 0 (71 *2 p.e.); sulphocyanide 
BHCNS,H 2 0 (80-8 p.e.); bi-sulphoeyanide 
B-2HCNS,|H 2 0 (71-8 p.e.); tannate ' (very 
varied composition), about 1 in 2000 at 15° ; 
(20-30 p.e.); tartrate B 2 - C 4 H 8 () 8 ,I1 2 0, 1 in 
1000 at 15° (79 4 p.e.) ; bitartrate BC 4 H 6 O 6 ,H a 0 
(05-8 p.o.); urethane-hydrochloride 
B(C 3 H 6 0 2 NH 2 ) 4 -HC1 
very soluble (001 p c ) ; valerianate 

1 in 120 at 15° (73*0 p.e.). There are three 
general methods employed m making quinine 
salts : (1) to decompose as aqueous solution of 
quinine sulphate with the barium salt of the 
acid; (2) to dissolve quinine alkaloid ill a 
dilute aqueous solution of the acid ; and (3) 
to dissolve quinine alkaloid and. the acid in 
separate portions of anorganic solvent by heating, 
mix the solutions, and allow to cool and crystal- 
lise, or evaporate' oil the solvent. 

Quinine Estns. — The following esters of 
quinine are also in use : — 

Acetylquinine (’. 0 1J 23 () 2 N 2 COCH 3 , made by 
heating quinine alkaloid with acetic anhydride 
at 60"- 80° for several hours. The product is 
diluted with water, precipitated with ammonia, 
the acetylquinine collected, dried, and recryBtal- 
liscd from petroleum ether; m.p. 1 10°- 11 7°. 
Anisylquinine 

( ! 20 N 23 ( )N a — ( )— CO <yj 4 *C)CH 8 
made by heating quinine alkaloid with phenyl- 
anisatc at 120°- 130" for several hours. The 
warm melted mass is treated with benzene and 
the free phenol removed with dilute NaOH. 
The ester is shaken out with dilute acid. Fine 
white needles. M.p. 37°-88°. 

BenzoyI-quinineC 20 il 23 ON 2 0 -CO -O 0 H 6 ,mado 
in a similar way to the above, by heating 
together quinine alkaloid and phenyl benzoate 
for several hours at. 130°- 140°. 

Clnnamyl-quinine C 20 H 23 ON 2 *OC()0 8 H 7 , 
made by treating quinine suspended in benzene 
with a solution of cinnamyl chloride in benzfene. 
Tasteless needles, soluble in hot, sparingly 
soluble it* cold, water. M.p. 235°-236°. • 

Diquinine carbonate (‘ Aristoquinine ’) 
(C 20 H 23 ()N 2 *O),CO 

made by adding quinine alkaluid to a solution 
of phosgene in benzol, washing the resulting 
mass with water, and reerystallising the rough 
aristoquinine from alcohol. It forms crystalline 
groups of needles of m.p. 189°. It is an im- 
portant ester on account of its tastelessness and 
its high percentage of quinine - 96'l^p.c. 

Quinine ethyl carbonate (Euqulnlne) 

C 20 H 23 ()N J O,C()()C i[ H 6 

is similarly made by adding quinine to a benzol 
solution of ethylehloroformio ester. It occurs 
as white needles, tasteless; m.p. 95°. Easily 
soluble in alcohol, ether, and chloroform, not 
in water. It gives the thalleioquin reaction and 
fluoresces in dilute H a S0 4 . It forms similar 
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salts to quinine, but does not givo the here- 
pathite reaction. Its salicylate, a white taste- 
less crystalline powder, m.p. 195°, is the only 
commercial salt. 

Salicylquinine (‘ Saloquinino ’) 

■ CaoH.jON/O-COC.H^OH 
made by heating qumme alkaloid with salol 
for several hours at 140 -150". it crystulhses 
from ethei m large colourless orystals insoluble 
in water; nip. 140°. its salicylate is known 
as ‘ ithcumatine.’ 

Quinine carbophenetidide (' Chmaphcnmc ’) 
O^o/faaONj’O'tU) NH(! 0 li 4 (K’«ii 6 occurs as a 
white tasteless powder, slightly soluble in 
water, easily soluble in organic solvents. 

Uydioquinme, its derivatives and salts. 

Hydroquinine C 20 H 20 O 2 N 2 is invariably 
present m commercial quinine sulphate to the 
extent of 1 -2 p.e. It may be prepared (and 
estimated) by converting the quinine sulphate 
into bisulphate by the addition of 12 e c. of 
N/JHjS 0 4 for each 5 grams of salt taken, 
iiltoring oil the crystals, evaporating the mother 
liquor again to crystalhsing-pomt, liltermg olf 
the second crystals, adding ice to the mother 
liquor till cooled to 0" and then adding k e-cold 
permanganate solution drop by drop with 
constant stirring until the colour of the per- 
manganate is no longer rapidly discharged. 
Tile liquor is now wanned until the manganese 
oxide coagulates, when it is filtered and shaken 
with ammonia and ether. The aqueous portion 
is given two more washes with ether, the ethereal 
solutions hulked and evapoiated to dryness, 
the hydroquinme alkaloid being obtained as 
a pale yellow crystalline mass. 

Commercially, hydroquinme is now pre- 
pared by the hydrogen isation of qumme sulphate 
in dilute acid solution in the presence of (a) 
spongy metals of the platinum group (I) It. P. 
252 1 lit), 1912); (/;) palladium black (king Tat 
3948, 1912) ; (r) palladium coated on barium 
sulphate (D. R. P 234137, 1911); or (d) by 
the action of 2 p c. fornne acid in the presence of 
lalladiu m (i). it. T. 20730(1, 1913) in tho 
ast process the formic acid decomposes into 
carbon dioxide, which escapes, and hydrogen, 
which enters the quinine molecule at the vinyl 
group. 

Hydroquinme crystallises in line anhydrous 
needles from chloroform or ether, readily Boluble 
m most organic solvonts, sparingly in, water, but 
more soluble m dilute ammonia, [a|^ )0 = — 142’2° 
in 95 p.e. alcohol (c=2’4 p.e.), m.p. 172°. In 
physical and chemical properties it closely 
resembles quinine, forming similar crystalline 
salts of liko solubility. 

Tho chief salts of hydroquinme are : acetate 
B'C 2 H 4 0 2 ,5H a (), needles, soluble in water and 
aloohol; arsenate B 2 H 3 AsO 4 ,10H 2 O ; ben- 
zoate B-C 7 H-0 2 , soluble in alcohol; chromate 
Bg-HjCrO^bHjjO, yellow needles, soluble 1 in 
603 of water at 15° ; citrate B 2 C,H h 0 7 .1()H 2 0, 
sparingly soluble in water; hydro bromide 
B*HBr,2H 2 0, needles, freely soluble in waiter; 
dihydrobromide B'2HBr,3H 2 0, needles, very 
soluble m water; hydrochloride BHC1,2H 2 0, 
long flat prisms, freely soluble in water and 
alcohol; dihydrochloride B*2HC1, very soluble 
in wator; herepathite, 4B-3H a SO 4 *2HI\T 4 ,0H 2 O, 
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insoluble ; hydriodide BHI, amorphous, freely 
soluble in water; dihydriodide B-2Hl,4H a O, 
yellow crystals, soluble in hot water; iodo- 
hydriodido B2HTI 4 , dichroic needles; hypo- 
sulphite B 2 -li 2 S 2 0j,,2H 2 0, small prisms, sparingly 
soluble m water; oxalate B,*C 2 H 2 O 4 ,0H a O, 
sparingly soluble in water ; phosphate 
B 2 H 3 Po 4 ,7H 2 0, needles, sparingly soluble in 
water; platinochloride B 2 H 2 PlCl 6 ,3H 2 0, amor- 
phous, sparingly soluble m water; diplatino- 
ehlonde B*H 2 l > tCI 8 ,2H 3 0, amorphous, sparingly 
soluble in watui ; salicylate B C 7 il fl 0 3 , needles, 
soluble in alcohol; sulphate B« H 2 S() 4 , 6 or 
811 2 0, needles, soluble m 348 of watei at 15°; 
disuljihate B H 2 JS0 4 ,3H a O, long tlun needles, 
veiy soluble m water ; tetrosulphate B*2H a S0 4 , 
amorphous, very soluble in water ; tartrate 
B a 'C 4 H 6 O 0 ,2H 2 O, prisms, soluble in 545 parts 
of wator at 17°. 

; Hydroquinme unites with 1 molecule of 
! cupreine, quinidme, or hydroqumidme, and with 
2 and 3 molecules of einchonidine or hydro- 
omchomdine to form crystalline compounds 
(Hesse, Ber 1882, 15, 854; Atmalen, 1887, 
241, 255; l’uin, Mouatsh. 1895, 10, 72). 

Hydroquinicine. On healing hydroquinme 
disulphate to 140" it is converted into its isomer 
hydroquinicine. The pure base is obtained 
by pouring the melted mass into water, and 
shaking the solution with NaOH and ether. 
The residue left on evaporation when dissolved 
m alcohol and neutralised with il 2 S0 4 yields 
the crystalline sulphate, which is filtered oil 
from the thick blown mother liquor and re- < 
crystallised to give the pure salt, in delicate 
acieular colourless needles reudily soluble in 
water and in alcohol. A solution of the sulphate 
in water is pale yellow, winch on acidification 
assumes an intense yellowish-green colour. 
Alkaline hydroxides precipitate the free alkaloid 
as a resmoid mass which giadually dissolves in 
ammonia or ammonium salts solutions, but not 
in tho fixed alkalis. 'The hydrochloride is 
amorphous and gives fa|^ 5 °=- — 17°, c— 3 m 
excess of dilute HCl. It yields a platino- 
chlonde B\ll 2 PtCl 8 ,H 2 0. as a pale-yellow floccu- 
lent precipitate changing to orange-coloured 
crystals, insoluble in water and sparingly soluble 
J m (liluto HCl. An ethereal solution of oxalic 
acid produces in an ethereal solution of the 
alkaloid an amorphous brown precipitate, 
soluble m chloroform. This distinguishes it 
from qumicino, which yields a voluminous pre- 
cipitate of minute needles under similar condi- 
tions. 

Hydrocupreine C, 6 H 24 () 2 N 2 is derived from 
hydroquinme by boating it with 8 parts of 
HCl (sp.gr. 1125) at 15(rm sealed tubes. Tho 
unchanged hydroquinme is removed by shaking 
the acid solution with NaOH and ether, the 
hydrocupreme being obtained as sulphate by 
neutralising the alkaline layer with dilute 
H 2 S0 4 . The free alkaloid forms a crystalline 
powder C 1B H 24 0 2 N 2 ,2H a 0, freely soluble in 
organic solvents, slightly soluble in ammonia. 

It melts at 168°-170 , is strongly basic, forming 
crystalline salts, but is also phenolic, dissolving 
in alkalis. Its sulphate B 2 *H 8 S0 4 is sparingly 
soluble in water and in alcohol, the dihydro- 
chlorido B - 2HCl,H a 0 being freely soluble. It 
forms a sparingly soluble crystalline tartrate 
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B a -C 4 H 4 0 # ,2H 2 0, and an orange-red crystalline 
platinochlorido B-H a PtCl a , insoluble in water 
and dilute HOI. Hydrooupreine is important 
as it is the source of the alkyl -hydrooupreincs 
of which ethyl-liydrocupruine hydrochloride 
CjxHasOaNj'HCI (optorhm) has been tried 
recently as a specific for pneumonia (Morgenroth, 
Berk Klin. Woch. 1911, 34, 44; ibid. 1914, 
47-48 ; Sir Almroth Wright, Lancet, 1912, 1633, 
1705; Pyman, Chem. Soc. Trans. 1917, 662, 
1127) ; and the isoctyl derivatives as a wound 
disinfectant (Morgenroth and Tugendreich, 
Biochem. Zeit.sch 1917, 79, 257; Schaeffer, 
ibid. 1917, 83, 269 ; Biding. ibid. 1918, 85, 188). 

Ethyl-hydrocupreine hydrochloride occurs as 
a white crystalline powder, m.p. 242", soluble in 
10 parts of water, giving a blue fluorescence with 
dilute H 3 N0 4 , and having a bitter flavour. Soluble 
in 90 p.c. alcohol. The free alkaloid is precipi- 
tated by NaOH, and is soluble in chloroform. 

The hydrochlorides of the higher alkyl- 
hydrocuprdnes aro insoluble in water, the 
dihydroehk rides, which are soluble in 30-40 
parts of water, being the salts prepared for use 

Iso-octyl-hydrocupreine dihydrochloride (‘Vu- 
zin ’) occurs as a greenish-yellow amorphous i 
]>owder giving a milky solution in 30-40 parts 
of vater, which at higher dilution is merely 
opalescent. 

Quinidine, it ,s- Derivative* and Halt* — Quinidine 
(originally called ‘conqumifte’) (C 20 II 24 O 2 N 2 ), . 
the only known natural stem* -isomer of quinine, 
occurs in most cinchona barks, especially C. | 
pitayensis, and also m cuprea bark It. was 
not prepared commercially at one time, blit 
was precipitated with the amorphous alkaloids 
in the quinine tails, the whole being termed 
‘ quinoidinc 1 This was then a convenient 
source of quinidine, which could be extracted 
from the powdered quinoidmo by means of 
ether (Hohro, Annalen, 1868, 146, 357 ; 1873, 
166, 232). However, quinidine is now extracted 
and purified on the commercial scale, only a 
small amount being precipitated with the 
amorphous quinoidino ft. is most conveniently 
isolated from the quinine mother liquor as 
hydriodide, as given under tho ‘ Assay of 
Cinchona Barks,’ being the least soluble of the 
cinchona hydriodides in neutral aqueous solution. 
It crystallises from dilute alcohol in large pris- 
matic crystals containing 2JH a O, losing 4H..0 
on exposure to air. From ether rhomboliedra 
containing 2H 2 0 are obtained, and from boiling 
water plates containing 1|H 2 (). From benzene 
anhydrous needles separate which melt with 


similar treatment (Hesse, Annalen, 1892, 267, 
141), By tho action of permanganate in tho 
cold a base quitenidine, isomerio with quitenine 
{q.v.) iR obtained. 

Quitenidine C, 9 H 22 0 4 N 2 forms thin plates 
from dilute alcohol, m.p. 246°, soluble in 
ammonia, from which solution it crystallises 
in largo prisms on evaporation. It is readily 
soluble in boiling water, acids, and alkalis, less 
so in alcohol. Its I1 2 S0 4 solution is fluorescent 
and it gives tho thalleioqum reaction, which on 
adding ferroeyamdo turns violet- black. It 
yields a sulphate B - H 2 S0 4 ,3H 2 0, colourless 
prisms ; and a platinochlonde B*H 8 PtCl # ,3H 8 0, 
large orange-yellow crystals. 

Apoquinidlne C 19 il 22 0 2 N 2 , isomeric with 
apoquinine, is formed similarly by heating the 
base in a sealed tube to 140°* with HC1 (sp.gr. 
1'I25). It is a white amorphous powder, 
readily soluble in alcohol and ether, giving tho 
thalleioqum reaction, but not showing fluores- 
cence with H ,S0 4 . Jt melts at 137° (uneorr.), 
and has [o'] = + 153*3° in 97 p.c.. alcohol, 

c=2. It yields a hydrochloride m needles 
easily soluble in water. Its acetyl derivative, 
unlike the base, fluoresces in Il 2 80 4 solution. 

Chloroquinidine C 20 ll , 3 0N 2 C1 is obtained 
similarly to its isomer, chloroquinine. It is 
readily soluble in alcohol, benzone or chloroform ; 
m.p. 13l°-f32°. On treatment with alcoholic 
potash it gives tho same product as chloro- 
quinine, i.r. quinene. 

Hydrochloroqulnidine C 30 H 26 ClO a N 8 is ob- 
tained similarly to its isomer, hydrochloro- 
quimne ft. forms large crystals soluble in 
alcohol and in excess of ammonia. It gives the 
thalleioqum reaction. By longer heating methyl 
chloride is eliminated and hydroehlorapoquini- 
dme results. 

a-Isoquinldine (L 0 II 24 O 2 N 2 ,2H 2 O is formed 
together with hydroehloroquinidine by heating 
quinidine with HC1 (spgr. 1-189) at 85°. It 
t forms fine rhomboliedra soluble m ether. 

Hydroiodoquinidine C 20 H 25 lO 2 N 2 is obtained 
when quinidine is dissolved in 10 times its 
weight of HI (sp gr. 1 -9) and left for 3 days 
! m the dark. Its dihydriodide crystallises 
in largo yellow tables, m.p. 230°, soluble in 
alcohol. Ammonia liberates the base, which is 
rocrystallised from alcohol as colourless trans- 
parent prisms, m p. 205°-206°, slightly soluble 
in water. It gives the thalloioquin reaction 
and yields ti crystalline sulphate, nitrate, hydro- 
chloride, hydriodide, and platinochloride. 


decomposition at 171 -5° (corr.) [a]**’ = +236*8°- i 
3*0c in 97 p.c. alcohol, c=d-3. It is soluble 
in 6900 parts of water at 25°, 750 parts at 100°, 
26 parts of alcohol at 20°, and in 22 parts of 
ether at 20°; slightly soluble in chloroform, 
benzene, amyl alcohol, ami carbon disulphide. 

Chemically, quinidine behaves similarly to 

a uinine, yielding salts which, however, with 
ie exoeption of the hydriodido, are moro soluble 
than those of quinine. Its decomposition pro- 
ducts are also the same as, or isomeric with, 
those of quinine. Tho disulphate on heating 
with acid gives quinicino. Treated with fuming 
sulphuric acid the alkaloid yields quinidine 
isosulphonio aoid C 80 H 28 O*Nj*HSOg, identical 
with the produot obtained from quinine under 1 


Quinidine Salt*— Sulphate B 2 *H»S0 4 ,2H a 0 
crystallises as white needles or long hard 
prisms, soluble in 100 parts of water at 15°, or 
7 parts at 100°, 20 of chloroform at 15°, insoluble 


in ether. The Balt requires a temperature of 
120° for dehydration, and reabsorbs 2H 2 0 on 


oxposgre to air. [a]*^ +21 1*5° in absolute 


alcohol, e=l-94 p.c. of hydrated .salt. A 
chloroform solution gradually assumes a 


yellow colour with slight green fluorescence. 


On shaking this solution with water the aqueous 
portion acquires a beautiful green fluorescence. 

Commercial quinidine sulphate is usually 
fairly pure ; cinchonine is the most frequent 
impurity, cinohonidine and quinine being rarely 
found. To test for other alkaloids dissolve 
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0-5 gram in 20 o.e. of warm water, add 0‘5 gram 
of KI, and stir vigorously for a few minutes. 
After half an hour filter off tho insoluble hydr- 
iodide and add ammonia to the filtrate. If 
any decided precipitate occurs (none with the 
pure salt) shake with chloroform, evaporate 
the extract to dryness, and weigh. Test tho 
residue for quinine, einehomdme, and cinchonine. 
Should (lie two latter be present, the precipitated 
hydriodide will tend to be resinous instead of 
sandy (Do Y r rij, I’harin. J. 1877, 8, 745). 

Oisulphate B I1 2 S0 4 ,4H 2 () occurs in long 
asbestos-like prisms, soluble in 7 parts of 
water at 15°, giving a beautiful blue fluorescence. 

Other salts met with are : benzoate 
soluble in alcohol; chromate 
B'H 2 Cr() 4 ,0K 2 (), large yellow tables; hydro- 
bromide B'H Hr, soluble in 200 of water at 14°; 
hydrochloride lMI01,H a (), asbestos -like needles, 
soluble in 75 parts of water at 15°, [a| l) =d-212° 
— 2 , 5(>r in alcohol; di hydrochloride B'2HC1,H’ 3 0, 
very soluble in water, hydriodide Bill, short, 
prisms, soluble in 1250 of water at 15", very 
slightly soluble in alcohol ; dihydnodido 
B-2HI,3H,(), large golden prisms, soluble in 
90 of water at 15° ; hyposulphite 

Bj'H jS_,0 3 ,2H 2 0 

short prisms, soluble in 415 of water at 10"; 
oxalate B 2 C 2 H,( ) 4 , f T 2 <), soluble in 151 of 
water at 15", nitrate B JdNO,, small prisms, 
soluble in 85 of water at 15°; phosphate 
BH\ t P0 4 , short prisms, soluble in 51 of water 


Saits . — Its sulphate B a -H 2 SO a ,2HjO occurs as 
fine needles, soluble in 92\3 of water at 16°, or 
B 2 , H 2 S0 4 ,8H 2 (>, thick efflorescent prisms (Hesse). 
Its H 2 80 4 solution shows blue fluorescence. 
Other salts are : benzoate B-C 7 H a 0 2 , colourless 
plates ; hydrnbroimde, fragile scales, slightly 
solu hie in water; hydrochloride BHC1, short 
nobles or thick prismatic plates, readily 
solublo in water; hydriodide B-Hl, large 
colourless needles, very slightly soluble in water ; 

1 clihydriodide B-2111,3H 2 (), orange- yellow prisms, 
fairly soluble in water; platinochlorido 

BH\PtCI 0 ,2H,O 

small orange-yellow needles; salicylate B - (! 7 H.Or, 
Hix-si<lod plates; tartrate B 2 (! 4 H 6 O a ,2H 2 0, 
brilliant prisms, readily soluble m water ; 
bitartrate BC 4 H a 0 6 ,311,0, needles, slightly 
soluble in water. 

('mchnnmc, its DcrmtUvcs amt Salts. — Cincho- 
nine (BjoHnONj) oecurs in all cinchona barks. 

[ It. is readily prepared from quinine mother 
! liquors, after removal of tho emchonidine as 
tartrate, by rendering alkaline and shaking 
with a limited quantity of washed ether. The 
cinchonine crystallises out from the other in 
| small hard prisms, and may be filtered off and 
roerystallised from dilute alcohol. The crystals 
i melt at 2l‘>4°, subliming with some decomposition 
! at a higher temperature as Jtionoclnnc prisms. 

1 Ammonia precipitates the alkaloid from acid 
solutions m white flocks gradually becoming 
crystalline ; hut from hot solutions of ammonium 


at 10 ; platinochlorido B 2 -H 2 PtCl a ,31J 2 (), orange 
needles ; diplatmochloride B H a PtCl 6 ,ll s O, yel- 
low amorphous precipitate, insoluble in water ; 
salicylate B-C 7 H a O„ soluble in 1050 of water 
at 25°; succinate B C 4 H 0 () 4 .2T[ 2 (), fine prisms, 
soluble in 41 of water at 10°. very soluble in 
alcohol ; Hulphocyanidc BvIlCNS, colourless 
prisms, soluble in 1477 of water at 20"; disul- 
phocyanide, B 2HCNS.H 2 <), long yellow prisms , 
tannate, indefinite composition, soluble m about. 
1 in 2000 of water at 20° ; tartrate 

B a -0 4 1I # 0 6 ,H 2 0 

silky prisms, soluble in 39 of water at 15" ; 
bitartrate B’C 4 H a O a ,3H a O, short prisms, soluble 
in 350 of water at 15°. 

Hydroquinidine C 2 oH 2a 0 2 N 2 usually occurs 
in commercial quinidino sulphate sometimes to 
tho extent of 20 p.c. Tt. may lx* separated by 
repeated rocrystallwation from water, but it 
is preferably obtained by exiting* qumidinc 
sulphate mother liquors with permanganate at 
0° (w. Hydroquimnc). 

Quinidine may also he hydrogenated in the 
presence of palladium black yielding hydro- 
quinidine. Forst and Behringer's statement 
that this base is formed by the oxidation of 
quinidine is inaccurate, being due to their 
using quinidine containing hydroquinidine (Ber. 
1881, 14, 1954; 1882, 15,' 520, 854; Hesse, 
ibid. 1882, 15, 3010; Annalen, 1888, 243, 
140). It forms efflorescent prismatic needles 
containing 2$H 2 0, m.p. 167 , readily solublo 
in aloohol and chloroform, slightly soluble in 
ether. Tts rotatory power is almost, the same 
as that of quinidine. It gives the thalleioquin 
reaction and behaves generally like quinidine. 
Oxidation with chromic acid yields quinmic 
licid. 


salts cinchonine displaces ammonia. The freshly 
! precipitated alkaloid is much more solublo 
! in solvents generally than crystalline cinchonine. 
The crystals dissolve m 3070 of water at 20°, 
in 2500 of water at in 115 of absolute 

alcohol at 17°, m 356 of chloroform at 17°, 
m 371 of other (sp gr 0-730) at 10°, in 40 of 
amyl alcohol at 17°, and in 18 parts of a mixture 
of alcohol and chloroform (4:1) at 17°. Readily 
soluble in acids, but the salts of cinchonine 
arc liable to hydrolyse with water and deposit 
alkaloid Cinchonine is easily distinguished 
from tho other ulkaloids by giving neither 
fluorescent, solutions nor an insoluble tartrate, 
and by being insoluble in ether. [a] J J ) 5 °= + 226 '5° 
in 97 p.c. alcohol, c=()-5. Cinchonine does not 
give the thalleioquin reaction. On oxidation 
it yields the same products as quinine, except 
that the quinolinic products lack the p-methoxy 
group. 

Clnchotenine C 18 H 20 () 3 N 2 is obtained on 
oxidising cinchonine with permanganate in acid 
solution (Skraup, Annalen, 1879, 197, 374). 
It is purified similarly to quitenino (q.v.). It 
forms efflorescent needles or plates containing 

3H 2 0, m.p. 198°. [a]^= + 135° in alcohol 
solution, c=2 of hydrated base. A 2 p.c. solu- 
ton m dilute H 2 K0 4 gives [ajJ^-f-175-5 0 . It 
gives a platinochloride B-H a Pt01 a , large orange 
prisms, and an aurichloride B-H 2 Au 2 Cl g , yellow 
needles ; both soluble in water and in aloohol. 

Cinchotenicine CjgH^OjNg, isomeric with 
cinchotenine, is formed frqm it by heating to 
140° with H 3 S0 4 . A brown amorphous body 
soluble in water, giving amorphous platino- 
and auri-chlorides. fa)' 6 =+0*9°. 
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Clnehonlnic acid C«H 4 COOH N (4-ofirboxy- 
quinoline), obtained by oxidising cinchonine 
with chromic acid (v. Quininic acid). Forms 
caffeine-like needles containing lH a O, or tables 
or prisms with 2H 2 0 ; m.p. 253°-264°; subliming 
with decomposition (Caventou and Willin, 
Annalen, Nupl 1870, 7, 247 ; Skraup. Annalen, 
1880, 201, 294). It. is only slightly soluble in 
water, more so in acids and alkalis, but its 
salts dissociate in water Heated with lime it 
yields quinoline. Permanganate oxidises it to 
a-carbocinehomeronic arid (Ramsay and Dobbin, 
Chem. Soc. Trans. 1884, 35, 189), nitric acid at 
120°-] 40° yields cinchomeromie acid ( Would, 
Annalen, 1874, 173, 70), and chromic acid gives 
kynurine (Skraup, Monatsh. 1888, 9, 783 ; 1890, 
17, 300). On fusion with potassium hydroxide 
oxyemchomme acid sublimes (Komgs and 
Kerncr, Tier 1883, 10, 2102) Cinchonmio acid 
may also be prepared by oxidation of lepidine 
and 4-ethylquinoJme 

Cinchene C I9 H 20 N 2 is obtained by refluxing 
cinchonine chloride with alcoholic potash (r 
Quincne), as trimetric tables, m p 123" 125°. 
It is a ditertiary base, soluble m ether, dextro- 
rotatory, and yields crystalline salts. On 
hydrolysis with 25 p.c, phosphorie acid it 
yiel'ls lepidine and meroqinnenc. (’bromic and 
oxidises it to niiehonmje and Treated with 
bromine m chloroform solution two isomeric 
di bromides (a and fi) of niidicnc arc formed, 
both of winch arc converted into a new base, 
dehydroeineliene (0 1# H lg N,), with loss of 2IIBr 
(Comstock and Konigs, Ber. 1880, 19, 2857). 
Phlorino reacts similarly to bromine with 
cinchene. On heating cinchene in a sealed 
tube with HBr (sp gr. 049) to 190" it loses a 
molecule of ammonia and adds a molecule of 
water to form apoeinehene (?’. Apoquincne) j 

Apocinchene 0 10 H 1B ON, colourless needles, 
m.p. 209°, volatilising without decomposing, j 
soluble in alcohol, acids, and alkalis ((’(mistook 
and Konigs, Her. 1881, 14, 1854: 1884, 17, 
1989). Its salts give yellow solutions which 
readily hydrolysis and its solutions in alkalis 
are precipitated by CO,, ft readily forms 
ethers, which with dilute HN0 2 oxidise to alkyl- 
apocinchenic acids. Chromic acid oxidises it 
to cinchonimc acid ; and fusion with potassium 
hydroxide gives oxyapocmchene C 1# H, tt O,N, a 
base isomeric with apoquinene. 

Ethylapoclnchenie acid t 

C 17 H is -()C 8 H 5 *COOHN 

on refluxing with HBr (sp.gr. 1 -49) gives rise to 
a lowor homologue of apocinchene named 
homapocincheno C 17 H 16 ON. 'I’his body melts 
at 184°- 185°, is very soluble in ether, benzene, 
or hot alcohol, insoluble in water. 

Dlhydrocinchene <'i 9 H 22 N 2 was found by 
Konigs in the mother liquors from apocinclieno, 
and was derived from the hydroeinchonine 
present in the cinchonine from which the latter 
was prepared. 

Oinenonine chloride C,„H 2l N 2 Cl, obtained 
similarly to quinine chloride (q.v.). It crystal- 
lises in prisms, melting at 72°, and is dextro- 
rotatory. On reduction with iron and H 2 S0 4 
it gives dosoxyoinflhonine C, B H 22 N 2 , m.p. 
90°-92°, dextrorotatory. With alcoholic potash 
cinchene is obtained (q.v.). 

Cinchonine dichloride C ie H 2 a ON 2 Cl 3 is made 
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by passing chlorine into a cooled HC1 solution 
of cinchonine. It is very similar to dichloro- 
cinchonine, and may be identical with it. 

DIchlorocinchonine C 10 H 20 OC1 2 N 2 is obtainod 
by passing chlorine into a hot concentrated 
aieoholic solution of cinchonine hydrochloride. 
It crystallises as microscopic needles from 
alrohol, and gives crystalline salts with 2HC1, 
2 HBr, and H.,Pt(3 a (Laurent, Annal. Chim. 
Phys. (3) 24, 302). 

Bromodnchonlne Cl, 9 H 2l ()BrN 2 is formed by 
adding brommo to an alcoholic solution of 
cinchonine hydrochloride (Laurent, l.c. ; Kopp, 
Arch. Phnrm. (3), 9, 34). Its dihydrochloride 
crystallises in rhombic tables. Treated with 
alcoholic potash it exchanges Br for OH, and 
gives oxycinchonine 0 19 H 2a O 8 N 2 . 

Sesqiilbromocinchonlne 03 „H 4 . 0 2 Br 3 N 4 , ob- 
tained by the action of excess of bromine on an 
alcoholic solution of cinchonine. ft crystallises 
in line needles and forms salts with 4 molecules 
of monobasic acids. Treated with alcoholic 
potash it. yields sesquioxycinehonine 0 3 n H 14 0 6 N 4 

Dibromoclnchonlne () 19 H,, 0 OBr 2 N, formed 
by adding excess of bromine to an aqueous solu- 
tion of cinchonine hydrochloride ((’omstock 
and Komgs, Bor. 1884, 17, 1995). It gives 
colourless crystals containing 1H 2 () from alcohol, 
insoluble in water. Alcoholic potash yields 
dioxy cinchonine ( !,„ H^^N.,. 

Cinchonine a- and £ dfbromides 
C, 9 H 22 OBr 2 N 2 

formed by adding bromine to a solution of 
cinchonine in chloroform and alcohol. The 
hydrobromide of the o-compoUnd being less 
soluble than the ^-compound crystallises out, 
the latter remaining in the mother liquor. The 
free a-baso crystallises out from alcohol (90 p.c.) 
and chloroform (1:3) with 1H 2 0, the /3-base 
being anhydrous. Both behave as true bases 
forming salts. Heated with alcoholic KOH 
they lose 2HBr, yielding a new base, dehydro- 
cinchonine (Comstock and Konigs, Ber. 1886, 
19,2854; 1887,20,2510). 

Hydrochlorocinchonine ( ', 9 II 2 ,C10N 2 , formed 
by allowing 10 parts of HOI saturated at —17° 
to act on cinchonine at a low temperature for 
some weeks. The base crystallises from alcohol 
in white needlos, m.p. 212°-213°. Heated 
with alcoholic KOH an isomer of cinchonine, 
o-isooinchomno, is formed (Comstock and 
Konigs, Ber. 1887, 20, 2519). 

Hydrobromodnchonine C 19 H 23 BrON 2 ' is 
formed similarly to the last compound, but the 
reaction is more rapid and works equally well 
at higher temperatures. The base crystallises 
from alcohol in white scales.' Heated with 85 
p.c. alcohol.it is converted into a mixture of 
apocinehonine, a-isocinchonine and 8-cincho- 
nine. Heated with alcoholic KOH a mixture 
of apocinehonine o-isocinchonino and cinchoni- 
fine (?*'hydrocinchonine) is formed. 

Hydroiodocinchonine C 19 H 22 I()N 2 is obtained 
by heating dry cinchonine with C> parts of HI 
(sp.gr. 17) on the steam-bath. The free base 
crystallises from alcohol in silky needles melting 
at 158°-160° with decomposition. It readily 
combines with 2 molecules of monobasic acids 
to form crystalline salts. 

Dehydrodnchonine C 19 H 20 ON 2 , obtained 
from cinchonine dibromide (q.v.). It crystallises 
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from alcohol in needles melting at 202°-203°, 
Riibliming at a higher temperature; very 
soluble in alcohol, acetone, and chloroform, less 
so in ether or benzene. It behaves very 
similarly to cinchonine, giving salts and halogen 
derivatives containing TI 2 less 

])n ivativr# Isommc inth Cinchovtne . — 
About 20 isomers of cinchonine have been 
described by various workers, but Bkraup’s 
investigations have shown that many of these 
bodies are identical, and several others are 
mixtures with cinchonine Hydrocmehonine 
has also been mistaken for an isomer of cincho- 
nine (Monatsh 1807, 18, 411 ; 1800, 20, 571 ; 
1001, 22, 1103; 1003. 24, 204; Langer, ihul 
I <K)l, 22. 151). 

Cinchonicine (cmchotoxin) (\ R H 22 ON 2 occurs 
in commercial cjumoidine, but may be prepared 
by heating the acid sulphate or tartrate of 
einchonine or nnehonidine to 130"- 1 40° (J’asteur, 
Compt. rend. 1853, 37, 110; Hesse, Annaleti, 
1875, 178,213; 1) Howard, (’hem. Soe Trans. 
1872, 25, 102) It forms a viseid mass, yellow 
to red, melting at about 50°. Roques obtained 
it in long prismatic ncedleH, m p 49°~50°, by 
evaporating an ethereal solution at 45°, in a 
current of hydrogen, jail' 1 — 47’2° for 1 p c. 
solution in chloroform or alisolute alcohol 
It is very soluble m alcohol or ether, slightly 
soluble in water. Its solutions absorb ('(),, from 
the air and expel ammonia from its salts. It 
gives the same oxidation products as cinchonine 
Like quinieine, it gives a precipitate with hypo 
chlorites, but does not give the thalleioqiun 
reaction (distinction from quinieine) Many ol 
its salts are amorphous, but the following an* 
crystalline : hydriodnle B-HT, prisms, slightly 
soluble in water ; oxalate B/C1 2 H 2 0„,7H 2 <>, 
prisms, fairly soluble in water , platmochlnrido 
B H,Pt( , .l # ,H,() , hi tart rate B n 4 H B O n ,H.,0. 

Allocinchonlne (pHcudomichonine)(! 10 H 2 ,()N 2 
is obtained by heating the hydriodnle of hydro- 
iodocinelionine H 19 H, 21 I()N 2 H I with 10 parts 
of water at 150°- 10?)° It melts at 21 4 "-2 10°, 
slightly soluble in alcohol or ether, and gives 
[a]J'°= [ l(i4 - 8 0 for 3 p.e solution in absolute 
alcohol, Its sulphate B 2 *H 2 80 4 is less solublo 
in water than cinchonine sulphate. On oxida- 
tion it yields cinehomnic acid and allomero- 
quineno (Lipprnan and Fleissner, Monatsh 
1893, 14, 371). 

-Tautocinehonine (’ 19 H 22 ON 2 is Qbtainod by 
the action of alcoholic KOH and silver nitrate 
on hydrobromoeinchomno hydrobromide 
0 19 H 23 Br0N 2 HBr 

It is soluble in alcohol, slightly soluble in other, 
m.p. 252*5°, and gives [a]~°= | 209 4° for 3 p.e. 
solution in absolute alcohol (Lbwcnhaupt, 
Monatsh. 1898, 19, 401) 

a-Isocinchonine (einehonilme) C Jfl H 32 9N 2 w 
obtained* by heating cinchonine with sulphuric 
acid or HOI (sp gr. I 125) ; or by heating hydro- 
bromocinchonine or its salts with alcoholic 
KOH (Jungfleisch and Leger, Bull Hoc. ehim. 
1888, 49, 747; Compt. rend. 1892, 113, 651 ; 
ibid. 1894, 118, 530; HesBe, Annalen, 1888, 
243, 147 ; ibid. 1890, 200, 213 ; 1893, 270, 91 : 
Comstock and Konigs, Ber. 1887, 20, 2510; 
1892, 25, 1639; Sktaup, Monatsh. 1899, 20, 


581; 1902, 22, 1097; Turn, iftid. 1892, 13, 
070). It crystallises in silky needles from ether 
containing 3H 2 (); from petroleum ether in 
large prisms, volatile, m.p. 126 -5°. [«] = +61 ‘6° 
for 3 p.e. solution in alisolute alcohol. It is 
readily solublo m ether, alcohol, or benzene, 
little soluble m water, it forms crystalline 
saltR, all of which except the dihydriodide 
are very soluble m water. Heated with HC1 
(spgr 1125) at 140°- 150° it is converted into 
apoisoeinehomne (apoeinohonigine), m p. 210°, 
and with concentrated H 2 HG 4 at 60 -80° it 
changes into /8-isoomehonmo. On oxidation it 
yields cinelionuue acid and a-iHomernquinene. 

0- Isocinchonine (einchonigmo) C 1# H 22 ON 2 , 
references under lsocinchonme. It crystallises 
from alcohol in colourless prisms, volatile, 
m.p 120°- 127°. L a ]J, H ^ 59-5° in absolute 
alcohol. Very soluble in alcohol, ether, or 
benzol. Its salts, including the dihydriodide, 
are very soluble in water. Heated with 11C1 
(spgr 1*125) it yields apoisocinchonlno (apocin- 
clunigine), m p. 210°. On oxidation it gives 
cinehomnic acid and 0-isomcroquinene. 

5-Cinchonine (' 1 »K 22 0-N 2 js formed at the 
same time as a-isocmchmunc (</?’.) when liydro- 
bromocinclionine di hydro bromide is heated with 
alcohol or alcoholic KOH. Long prisms, m.p. 
150°, very soluble in alcohol, benzene, or chloro- 
form, slightly soluble in ether. [a|J 7 =-f 125 -2° 
for 1 c. solution in 97 p e. alcohol. Its salts 
are very soluble with the exception of the hydro- 
chloride, hydrobromide, and oxalate (Jung- 
lleisch and Leger, Coni] it. rend 1894, 118, 29) 

f-CInchonine C, a ll 22 ON 2 was isolated by 
Lowenbaupt from tail t,oeinoh< mine (qv.) It is 
a base melting at 150°- 152°, giving crystalline 
salts |a|^°=-4-07° for I p e. solution in alcohol. 

Cinchonidine C 1B H 22 ()N 2 was obtained in 
5 pc. yield by Konigs and Hussman from 
cinchonine by heating it for 15 hours with an 
amyl alcohol solution of KOH (Ber. 1890, 29, 
2185) 

11 i/drn-dcrt vahves of Civchovivc . — On reduc- 
ing cinchonine with zme and H 2 S0 4 , Schiitzen- 
berger obtained a resinous body which he termed 
a hydrate of cinchonine, assigning to it the 
formula 0 19 H 22 ON 2 ,2II. 2 O. This body is Rtablo 
up to 120°, but at 140° it loses JH 2 0, and 'at 
150° retains 1R 2 0 (Annalen, *1858, 108, 348). 
Zorn reducing cinchonine with sodium amalgam 
in acetic acid obtained an oily mass containing 
two bases separated by ether. The one insol- 
uble in et.hor he named hydrocinchonino (the 
dihydrodicinehonine of Skraup) C 19 H 24 ON a , the 
other soluble in ether he called amorphous 
hydrocinchonino (the di hydrocinchonine of 
Skraup) C 19 H 2# ON 2 . .The first crystallises from 
alcohol in small colourless anhydrous plates or 
scales, m.p. 257°-258°. It yields a crystalline 
sulphate B-JI 2 iS 0 4 ,2H 2 () (or anhydrous) in long 
needles. Tt is readily attacked by permanga- 
nate ; but on further treatment with sodium- 
amalgam is unattacked. The second dissolves 
m ether with a fine violet fluorescence, and is 
obtained as a yellowish •amorphous mass on 
evaporation. It yields no crystalline salts or 
derivatives. It is a stronger base than oin- 
chonino, dissolving in acids with elevation of 
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temperature, and is readily attacked by per- 
manganate (Zorn, J. pr. Ohern. 1873, 8, 279, 
293; Skraup, Ber. 1878, 11, 312 ; Howard, 
Cliem. Soc. Trans. 1873, 26, 1180). By the 
action of sodium and anhydrous amyl alcohol 
on oinohonine Norwall obtained an oily base 
0 1# H 28 0N a , which he termed totrahydrocin- 
ohonine (Monatsh. 1895, 16, 321). 

None of the above is identical with the 
hydrocinchotiino which occurs naturally in 
cinchona barks (Caventou and Wilm, Annalen, 
Supl. 1870, 7, 247 ; Foret and Bohringcr, Bcr. 
1881, 14, 436; Hesse, Ber. 1895, 28, 1421). 

Hydrocinchonine ((Jmoliotme) C„H 2l ON» is 
a constant associate of cinchonine, which may 
contain up to 10 p.c. it may be prepared 
similarly to liydroquinmo (q.v.), by oxidation 
of the cinehomno with permanganate , or by 
saturating an alcoholic solution of. cinchonine 
hydrocklorido with 11(3 gas, when the dihydro- 
ohloride of cinchonine separates out, leaving the 
hydrocincliomno m solution (llesso, Annalen, 
1893, 276, 88). It forms slender anhydrous 
prisms or scales, m.p. 277”, subliming at 'higher 
temperaturo. .Soluble in 136 parts of 90 p.c. 
alcohol, or 187 of other at 20° ; slightly soluble 
in boding water. It is not attacked by cold 
permanganate, but chromic acid oxidises it to 
cmehonimc and cincholoiponic acids. With 
phosphorus pentaehloride it yields hydro- 
cinchonino chloride ,,<)N,n, m j>. 85° 87°, 
converted by alcoholic” K()H to dihydro- 
omchene (l l9 ll 22 N. Its chief salts arc : benzoate 
B*0 7 H 6 U 2 , small needle's, slighlly soluble in 
water; hydrobromido B*H Hr, 211 j) ; dihydro- 
broimdo B*2HBr, prismatic needles, very soluble 
m water, msoluble in alcohol; hydrochloride 
BH(11,2H 2 0, needles, soluble m 47 of water; 
dihydroohloride B-211C1, veiy soluble in water, 
slightly soluble m alcohol ; hydriodide B *111,11 2 (), 
colourless prisms, readily soluble in water and 
alcohol; nitrate B*HN() 3 ,H .(), transparent 
tables; oxalate B*C 2 H 2 0 4 ,lJ 2 b, fine needles, 
very slightly soluble in water ; platmochlunde 
B*tI 3 Pt(!] fi , orange-yellow crystals; sulphate 
B j! , H a .S() 4 ,12H a (), line needles or prisms, efflor- 
escent, soluble in 30 5 of water at 13° ; sulpho- 
cyanide B'HCJSIIS, long needles, slightly soluble 
in water; tartrato *(I 4 H 9 0 9 ,2H,0,B.„ needles 
soluble in 57 of water at 16"°; hi tartrate 
B‘C 4 H # 0 6 ,4H 2 0, needles, soluble m 78 of water 
at 16°. j 

Saits of Cinchonine— Cinchonine sulphate 
B 2 , H 2 S0 4 ,2H 2 0 forms short hard prisms or 
noodles, melting at 198*5° when dehydrated, I 
decomposing at 200°. It is soluble in 70 parts 
of water at 15°, in 13 parts at 100°, in 9 parts at 
15°, in 60 of chloroform at 15° or in 22 at 
boiling-point, in 23(H) of ether at 25°. As the 
sulphates of quinine and oinchonidme are insol- 
uble in chloroform, this solvent forms a good test 
for the purity of cinchonine sulphate. A solu- 
tion of this base in dilute H 2 N0 4 does not 
fluoresce (although the commercial salt usually 
does so slightly owing to tho presence of a little 
quinine or quinidine), nor does it give the 
thalleioquin reaction. With iodine it yields 
products analogous to herepathite, the principal 
being 8B*6H 8 SO 4 *6HM l0 ,12H 8 O, 

„ 4B*H 2 8O 4 *4HIT I0 , 2B*H 8 S0 4 *2HM 8 

(Jorgensen). 
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Cinchonine disulphate B*H 2 S0 4 ,3 or 4H 8 0, 
large colourless prisms, very soluble in water, 
and crystallising with diflioulty. 

Cinchonine hydrochloride B*HC1,2H 2 0 occurs 
as prismatic noodles, melting at 130°. It is 
soluble in 24 parts of water at 10°, the solution 
dissociating slightly and depositing alkaloid. 
Soluble in 2 parts of 85 p.c. alcohol and 290 
parts of ether at 15°. 

Other salts are : benzoate B*U 7 H # 0 2 , soluble 
in 166 of water at 15° ; citrate, B 3 *C fl H„() 7 ,4H 2 0, 
soluble in 48 of wutei at 12° ; acid citrate 
M a *C 8 U 8 0 7 ,4iI 2 0, soluble m 55 of water at 15° ; 
hydrobromido B*iIBr,H 2 <), long needles, soluble 
in 33*5 of water at 15°, more soluble m alcohol ; 
dihydrnbrouudo B*2IlBr, largo rhombohedra, 
soluble in 1*4 of water at 15”, less soluble in 
alcohol ; dihydioeblonde B*2H01, rhombic 
tables, very soluble in water, insoluble in 
alcohol; hydriodide B *111,11 2 (), white crystals; 
di hydriodide B*2HI,HjO, golden-yellow prisms, 
hydriodafe B*HIO.„ crystals, exploding at 
120°; nitrate B*HN()„H 2 0, long monoelmic 
crystals, soluble m 26*4 of water at 12° ; oxalate 
B 2 (_’ 2 H,0 4 ,211 2 (), large prisms, solublo in 100 
of water at 10”; piatinoo blonde B ll 2 Pt(IJ # , 
pale yellow amorphous precipitate ; succinate 
B-(l 4 il 9 () 4 ,l or UIU), long needles or thick 
piisniK, readily soluble in water ; sulphocarbolate 
B*(l 9 H 4 *H.SO ,*OH, reddish-white needles; sul- 
j phoeyamde B*HCNN, prisms, soluble in 474 of 
water at 20°; salicylate B*(! 7 H a 0 3 , soluble in 
590 of water at 25" ;* tartrate B 2 *C 4 H 8 0 9 ,2H 2 0, 
crystals, soluble m 33 of water at 16° ; hi tartrate 
(l.evo-) B <W>„,11 2 0, soluble m 100 of water 
at 1(1° ; bi tartrato (dextro-), soluble in 101 of 
water at 16° (Pastern). 

Cinchonidine and its Derivatives and Salts. 

Cinchonidine (! n ,ll , 2 ON 2 , a stereoisomer 
of cinchonine, occurs in most cinchona barks, 
especially in (! hucci rubra It is prepared 

from quinine sulphate mother liquor by 
precipitation as neutral tartrate with Kochelle 
salt. This tartrate is washed with water and 
decomposed with ammonia, the rough base 
being dnod carefully at a low temperature. 
On dissolving this m 21 e.e of 50 p.c. ILS() 4 
and 1 1 e.e. of absolute alcohol for every gram 
of base, and allowing to cool, pure cinchonidine 
tetrasulphate crystallises out nearly quantita- 
tively. This is filtered olT, washed with absolute 
alcohol, dissolved in water, and precipitated 
as alkaloid* with NaOH, being finally recrystal- 
lised from alcohol. It forms short anhydrous 
prisms or thin plates, soluble in 16 parts of 
97 p.c. alcohol at 15°, m 188 parts of ether, or 
in 4800 parts of water at 25° ; readily soluble 
in cldoroform or amyl alcohol. It melts at 
210*5°, and has [ 0 ]^= — 107*48°+0*3c in 97 p.c. 
alcohol, c=l-5. Like cinchonine, its solutions 
do net fluoresce, nor give tho thalleioquin 
reaction (distinction from quinine and quinidine). 
It differs from cinchonine m giving an insoluble 
tartrate, by its greater solubility in ether, and 
by being ltevorotatory. For its estimation in 
cinchona barks, see under ‘ Quinine Sulphate.* 
It gives the same oxidation products as oin- 
chonine with chromio or nitric acid ; and 
cinchonicine, identical with that from cinchonine, 
is obtained by heating with glycerin to 200°, 
X 
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or with strong H 2 S0 4 to 130°. The following 
arc the most important derivatives of cinchoni- 
dino : — 

Clnchotenldlne C,i,H 8( ,()jN a , obtained simi- 
larly to q uitemno by oxidation of omehonidme 
with permanganate at 0°. It forms filiform or 
tbiek prismatic crystals containing 3H 2 (), 
slightly efflorescent. It melts at 250°, and has 
[a]* 1 ’— —189° in alcohol. Its acid solutions do 
not fluoresce. Its salts are very soluble and 
difficult, to crystallise It forms a sulphate 
li 2 'H 2 S0 4 ,2i ll 2 (), very soluble in water, and a 
platinochiondc 1R H 4’t.Cl fl , orange-yellow tables. 
Its solutions in alkalis aie readily decomposed 
by CO., (tShraup, Annalen, 1880, 201, 300, 
liesse, Bor. 1881, 14, 1802). 

Cinchonldine chloride (’ 11 i H. i ,,N ;! ( 4 is obtained 

by the action of phosphorus pcntachloride on 
eiriebonidme. It. forms large crystals melting 
at 108°-100°, soluble in ether and possessing 
basic properties On beating with alcoholic 
K.OH it yields cinchene (similaily to cinchonine 
chloride), which on ticaf merit with II Cl is 
converted to apocinchcne 

Dibromocinchonidine C , „ H 2 ,,( )N.,Br, is formed 
by adding 4 atoms of Immune to I moloeuJe of 
eincbomdine suspended in CS 2 Its dihydro- 
bromide crystallises in line yellow needles 
readily soluble in alcohol (Skalwcil, Annalen, 
1874, 172, 103). On healing with alcohols 
KOJL it yields dioxycinchonidine. 

Dioxycinchonidine ( ’ , „ 1 1 ,,(OH) ; oN 2 crys- 
tallises from alcohol in numbed ciystals. It 
gives two sulphates, B., \I1 2 N<> 4 ,21 Iff) and 
1-5*H and a platnmehlorido Ji ll.,l’tCI 6 

Hydrochlorocinchonidine C , U H , ,C1()N 2 , 
formed by heating einehomdine wuth HCl 
(sp.gr. 1-180) at 85° for two days. It is a base 
indistinguishable from hydroehloi oapocmclioni- 
dino and is probably identical with it, 

Hydrochloroapocinchonidine C )9 H 8 ,C10N 2 is 
obtained together with ajioemebonidme by 
luxating einehomdine m a sealed tube at 150° 
with fuming 1101 for l» hours. It crystallises in 
plates from alcohol, in p. 200°, — 142‘2° 

in dilute HCl, slightly soluble in ether, chloro- 
form, or alcohol It forms a dihydrochloiide 
B2HC1, very solublo in water, and a platum- 
chloride BH„l J tCl 6 ,2H 2 0 (llcsse, Annalen, 
1880, 205, 327). 

Hydroiodocinchonidine Ci 9 lI a3 i()N 2 is ob- 
tained by beating cinelionidine on the water- 
bath with 5 parts of HI (sp.gr. 1'7) foi 24 hours 
It is a base very slightly soluble in hot alcohol, 
from which it hills on cooling as a crystalline 
precipitate, m.p. 100°. It gives a sulphate 
B'H 2 S0 4 , soluble m 25 ji e. alcohol. Heated 
with alcoholic KOH it yields an lsomende of 
cinelionidine, j8-einehonidine ; and with silver 
nitrate another isomeride, 7- einehomdine (Neu- 
mann, Monatsh. 1802, 13, 051) 

Derivative* lsomenc vuth Cinelionidine . — 
Apocinchonldine C 1B H 22 ON a is formed by the 
action of HCl on einehomdine (<■ Hydrochloro- 
apocinchonidnle). Slightly soluble m strong 
alcohol, very slightly soluble in dilute alcohol, 
ether, or chloroform, almost insoluble in water. 
It forms small plates, m.p. 225°, with decom- 
position, and has — 129-2° for 0*8 p.c. 


solution in 97 p.c. alcohol. It forms very 
soluble amorphous salts, whose acid solutions 
do not UuoreHco, and iB markedly different from 
einohonidine in giving a soluble tartrate. 

Isocinchonldine C 10 H 22 ON 8 is obtained as 
its sul pin mate when cmehonidine is dissolved 
111 funung H 2 !30 4 . r J'he base melts at 235°, and 
is very soluble in alcohol or chloroform, very 
slightly soluble in ether (Hesse, Annalen, 1888, 
243, 149). 

0 Cinchonidine C^H^ON, is obtained by 
heating hydroiodocinchonidine for 4 hours with 
alcoholic KOH, ami is piobably identical with 
Hesse’s liomocmehonidmc It forms plates or 
prisms, m.p 207", — — 181 L> for l 25 p.c. 

solution 111 dilute HCl. On prolonged heating 
with 11(4 it is converted into apocmchonidine, 
fiom which* it may he separated by means of 
its insoluble taitratn (Hesse, Annalen, 1880, 
205, 327) 

llydio-denmiiort > of Cnnltomdme. — On re- 
duction with /.me ami 11 2 iS() 4 , or sodium and 
alcohol, « lilt honu line yields products very 
sum Ini, chemically and physically, to those 
obtained tiom cinchonine Noiwall describes 
a tetrahydrocmchoiiidino Ci»H 2# ON 2 , obtained 
with sodium and pure amyl alcohol (Norwall, 
Her 18%, 211, 801) 

Hydrocinchonidine(cuichaimdme)( 1 J1) H 24 ON !i , 
usually aiiompanies cinchonidmi' 111 its com- 
mcicial salts, and may he obtained from cin- 
cliomdinc sulphate mothci liquors hv treatment, 
with permanganate at. 0 U (r H ydroquinine). 
The base crystallises fiom dilute alcohol 111 
hexagonal plates, and from strong alcohol in 
short anhydrous prisms, melting at 230° ; 
[a|K-— 98 4° for 2 pt solution 111 97 p.c. 
alcohol It is almost insoluble in ether, cliloro- 
fium, ot water, and less soluble 111 alcohol than 
einehomdine Its baits crystallise readily and 
tluoieseo in sulphuric and solution (Hesse, Her. 

1881, 14, 1683 ; Rorst. and Bolmnger, Her. 

1882, 15, 520). 

Sal It, of Ct ilc / ion id nu . — C inchonidine sulphate 
1C H 2 N() 4 ,3H4) occurs as |)i-ismatic needles. 
Ri om dilute aijueous solutions needles eon- 
taming (ill 4) crystallise ; and from alcohol 
line pi isms with 2Hd>. These salts are com- 
pletely dehydrated at 100°, hut absorb 2H 2 0 
again on exposure to air. The anhydrous salt 
melts at 205° with decomposition. It is soluble 
111 100 parts of water, in 00 of alcohol, or 1000 
of chloroform, at 15° ; soluble m 21 of water 
at 80° ; insoluble in ether or ben/.ene. The 
commercial salt, usually gives the thalleioquin 
reaction and fluoresces with dilute H 2 80 4 
owing to the presence of quinine which may occur 
to even (50 p.c. Cinchonine and qumidme are 
also frequent impurities. A strong hot aqueous 
solution of the salt stirred with half its weight 
of Rochelle salt, and allowed to cool and filtered, 
should not show more than a slight turbidity 
when the filtrate is treated with ammonia 
(Hesse, Zeitseh. anal. Chem. 1876, 15, 464). 

Cinchonidine disulphate B-H 2 80 4 ,5H 2 0 occurs 
m long colourless efflorescent crystals, very 
soluble in water and alcohol (separation from 
quinine, .see ‘ Assay ’). 

Cinchonidine tetrasulphate B-2H s S0 4 ,2H„0, 
for the preparation see under * Quinine Sulphate.’ 
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Short colourless prisms, slowly soluble in oold 
•water almost insoluble in absolute aloohol. 

Clnchonidine hydrochloride B*HC1,H„0 occurs 
as fine monoclimc prisms, soluble in 30 of water 
or 300 of ether at 12°; soluble in alcohol or 
chloroform. Prom alcohol fine needles con- 
taining 2H a O are obtained. 

Other salts arc : benzoate B‘C 7 I1 # () 2 , soluble 
in 333 of water at 10" ; hydrobroniide B\tlBr, H 2 () 
slightly soluble in water, more soluble in 
alcohol; dihydrochlorido B’2HCI,H 2 0, largo 
prisms, very soluble m water and alcohol; 
hydriodulc RTM,H,,(), colourless needles, slightly 
soluble in water; dihydnodide B-2lll,H 2 C), 
lemon-yellow prisms; niLiato BHN0 3 ,H 2 ()’ 
needles or large prisms, soluble m 71 of water 
at 10°; oxalato J!JlXl0 4 .(iH 2 (), prisms, 
soluble in 250 of water at J0°; platmochloride 
B/Hjbtl '1 6 ,211 2 0, small orange pnsms, dipla- 
tinoelilonde B -fl 2 1 Ci , 1 1 . 2 ( > , orange- yellow crys- 
talline powder, insoluble” in water ; salicylate 
BC 7 K c <>.„ soluble in 77 of water at'lH 0 ; 
sueeinato B 3 ( ! 4 H C () 4 ,2 H,0, small prisms, soluble 
ill 583 of water at 10" ; tartrate* B 3 C 4 H e O fl ,211 2 (), 
fine needles, -toluble m 12(i. r ) of water at 10°, 
insoluble in Rochelle salt solution ; acid tartrate 
B‘2(! 4 ll fl 0 () ,3ll. i ,0, long prisms. 

Quinamine and its Jhnut(iut, and Halt* — 
Quinamine n )9 H 24 0,N 2 occurs m neailv all 
cinchona barks to a vety small extent (Hesse, 
Annaieii, IS73, Bit!, 200 ]{ rT 1877, 10, 2157) 
It accumulates m quinine sulphate mother 
liquors, from which it, may be obtained by pre- 
cipitating quinine and einehonuline with .Roch- 
elle salt, precipitating the filtrate* with ammonia 
and extracting the precipitate with ether. The 
other is washed out with acetic acid, the acid 
solution neutralised, and while still warm 
treated with thiocyanate, until on cooling 
cinchonine can no lougei be detected. The* 
filtrate is precipitated with NaOH, and tin* 
resinous precipitate dissolved m a minimum of 
boiling 80 p.c alcohol, from which qinnaimno 
crystallises on cooling. One gallon of quinine 
sulphate mother liquor will yield about 3 grams 
of quinamme. The base crystallises m delicate 
white anhydrous needles, melting at 172°, and 
has [aj* 5 =-f 94° for lT>pc. solution m chloro- 
form. It is nearly insoluble in cold water, 
soluble m 105 of SO p.c. alcohol at 20", and m 
50 of ether (Oudemans, Annalen, J 870, 107, 
ICO) ; also soluble in petroleum, ether, or 
benzene. Quinamino differs from the other 
cinchona bases m being monobasic, and theic- 
fore giving but one series of salts If, is 
coloured yellow by warm sulphuric acid, and 
orange by nitric acid. 

The chief derivatives of quinamine are : — 

Quinamicine C! le ll formed by heating 
quinamine for a few minutes at 100° with con- 
centrated H 2 S0 4 . The product is treated with 
sodium bicarbonate, which precipitates the 
quinamicine in flocks, gradually becoming 
crystalline. It molts at 109°, has [a|* 5 =-f3-8° 
for 2 p.c. solution in alcohol, and i'r soluble in 
alcohol, chloroform, or ether (Hesse, Annalen, 
1881, 207, 303). Its salts are amorphous. 

Protoquinamiclne C] 7 H 20 O 2 Jf 2 is formed by 
heating quinamine to 130° with concentrated 
H t S0 4 . It is an amorphous brown base. 
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Qulnamidine C 1 # H a 4 0 2 N 2 is formed when 
quinamme is heated with dilute mineral acids 
or with tartaric acid. Ammonia does not pre- 
cipitate the base from its solution, but NaOH 
does so. It crystallises from alcohol in small 
white tufts of needles, not very soluble in ether 
or chloroform. It melts at 93°, and has 
L«I„=H 4d>° for 2 p.c solution in alcohol. 
Heated with concentrated HC 1 it- gives a yellow 
solution turning to brown, which on dilution 
turns rose, with a strong green fluorescence, 
qgumamidmo yields a crystalline hydroclilorido 
B HCblLO, hydrobromide IMJ Br,H 2 0 ; oxa- 
'jO 4 . 4 H.jO : and a platinocliloride 
lio JI 2 I ^( ). 1 t-K hydrochloride gives el 

purple colour with Au('l a 111 aqu(*ous solution. 

Apoquinamine C 19 H.,ON 2 ,h obtained by 
boding quinamine or quinamieme with H01 
(spgr 1-125), 01 with 25 p.c. 1J 2 S0 4 for 3 
minutes (Hesse, Annalen, 1881, 207, 294). It 
erysthllises in eolouiless scales, melting at, 114°, 
soluble m alcohol, chloroform, or ether. Its 
alcoholic solution is optically inactive and 
neutral to litmus. It is a feeble base, but 
readily gives a crystalline hydrochloride 
B H(3,|H,() (hevorotatory) ; nitrate B-I1N0 3 ; 
oxalate B 2 HZ!./),,, 11^0 ; tartrate 

CJl.O.Hrll.Oi 

and platmochloride B/il 2 l > t( , l # ,2H. 1 0. 

AV/^.s of Qunianmw — Quinamine gives a 
crystalline cJdoiak* B IJOIO , ; perchlorate 
B-H0IU 4 ; hydrobroniide B il Br,H„(), thick 
prisms, very soluble in water or alcohol ; liydro- 
cldoiide B HOl.HjO, colourless prisms, readily 
soluble in water; liydnodide B-JHI, small 
colourless prisms, soluble in 71 of water at 16° ; 
nitrate BHNOj, pnsms, soluble in 10-5 of 
water at 15°, sulphate, hexagonal plates or 
short prisms, very soluble in water; and an 
amorphous yellow platnioehlonde 

B 2 ll 2 rtCl 6 ,2H 2 0 
decomposing in the light. 

Conquinamine and its Salts. 

Conquinamine. t' 1B H ; > 4 0. ! N 2 , an isomendo of 
quinamine is iound in tin* alcoholic mother liquor 
from which quinamine is crystallised, and is 
separated from it by fractional crystallisation 
of tlicir nitrates, oxalates, or hydro bromides, 
the conquinamine salts being the more solublo 
(Oudemans, Annalen, 1881, 209, 38; Hesse, 
ibid. (52). , it crystallises from alcohol in Jong 
prisms or pyramids, melting at 123°, and has 
+204-4° for 1 pe. solution m absolute 
alcohol. It is soluble in 7 4 parts of 91 p.c. 
alcohol at 19°; in 7 '4 parts of other at 15°; 
m 4'1 parts of benzene at, 18° ; almost insoluble 
111 50 p e. alcohol or in watei. It behaves very 
like quinamme and is monobasic, but its salts 
are mmerally the more soluble. Its oxalate, 
hcateu to 105°, melts und changes to quinamicine 
oxalate and tlien to apoquinamine oxalate. 
Heated with HOI (sp.gr. J T25) it is converted 
into apoquinamine. its acid solution with 
AuC 1 3 gives a golden precipitate followed by a 
purple colouration. 

Salts. — Acetate B"C 2 H 4 0 2 , dimetric crystals, 
soluble in 10*1 of water at 13 5° ; chlorate 
B HC10 S , needles, soluble in 104 of water at 
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10° ; perchlorate B HC10 lt long needles or 
short prisms, soluble in 39b of water at 16° ; 
formate IH'H a 0 2 , monoclime crystals, soluble 
in 10'8 of water at 15°; hydrochloride B’HCl, 
large octahedra, moderately soluble in water ; 
hydro bromide BHBr, monoelinic prisms, soluble 
in 25‘8 of water at 10° ; liydnodide BvHJ, 
jilates, soluble m 10(5 of water at 16°; nitrate 
B*HN(> 3 , rhombic crystals, soluble in 76 of 
water at 1 5" ; oxalate B/C 2 H 2 () 4 .3l 1 2 (), rhombic 
crystals, soluble in 82-3 of watci at 17° ; q innate 
) 0 ,2H ,( ), prisms; piatinochlonde 
l^-H .BtCl^lKO, amorphous orange-yellow pre- 
cipitate ; sulphate B 3 FPS() 4 , long prisms, 
readily soluble m water or alcohol. 

Avbtn phou-H Butte*. 

Diquinicine (diconquinine) ( , i„H 1b 0. 1 N 4 Tins 
amorphous bast* is the chief constituent of 
commercial uumoidine, and its constitution is 
very doubtful. Ilesso found the molecular 
weight by the cryoseopic method to be about 
one-half of that represented by the above 
formula (Bor. 1877, 10, 2155) It is prepared 
by neutralising quinoidine with oxalic acid, 
thoroughly dehydrating, powdering the oxalate 
and extracting with (sold chloroform. Quirucine 
oxalate remains undissolved, and on adding a 
little water to the chloroform solution and 
allowing to stand a short time, emolionicmo 
oxalate crystallises out, and is filteied off On 
evaporating the chloroform solution to dryness 
diquimemo remains as an amorphous red mass 
It is dextrorotatory, gives a fluorescent solution 
in dilute 11 2 K() 4 , and gives the thallcioqum re- 
action. No crystalline salts have been obtained 
Dicinchonicine (dicinchonine) C S(t H 44 O a N 4 . 
This base occurs in the bark of C rosulonta and 
C. Hueeirubra, together with the principal 
cinchona bases It is prepared from the mother 
liquor, after precipitating the cmehomdme as 
tartrate, by rendering alkaline and extracting 
with other. The ethereal solution is extracted 
with dilute acidic acid and the acid solution 
exactly neutralised with NaOH and fractionally 
precipitated with potassium sulphooyamde The 
dicinchonine thrown down, mainly in the middle 
fractions, is again put through ether and 
crystallised as hydrochloride (Hesse, Annalen, 
1885, 227, 153). The free base is a yellow 
amorphous body with a strong alkahno reaction, 
m.p. 40°, [ 0 ]^’*= -[-91 ‘7° fora 1 52 p.c. solution m 
97 'p.c. alcohol. It is very soluble m ether, 
acetone, alcohol, chloroform, or benzene ; 
insoluble m alkalis. The molecular weight 
determined by the cryoseopic method indicates 
half that of the above formula It gives a 
crystalline hydrochloride B 2HC1, easily soluble 
prisms ; piatinochlonde B^HoPtClg^IljO, 
orange flakes ; hydnodido, compact crystals, 
readily soluble in water, insoluble in NaCl or 
KI solution ; and oxalate, easily soluble pusms ; 
but its other salts aro amorphous. On heating 
with HC1 to 140°- 160° it is converted into an 
isomeride, diapocinchomnine, an amorphous base 
soluble in ether, alcohol, or chloroform, having 
[a]* 5 =-f20° in alcoholic solution (Hesse, Anna- 
len, 1880, 205, 333). 

Paricine C 18 H 18 ON 2 was discovered by 
Winclder (Jahresber. 1845, 27, 338) in the barlcs 


of Buena hexandra and 0. lutea. Later, HeeBe 
found it in C. succirubra of Darjeeling (Pharm. J. 
1870, [3J 1, 344; Annalen, 1873, 166, 263). 
It is separated from the other cinchona bases 
by nitric acid, parieine nitrate being insoluble. 
The free base ih obtained by suspending the 
nitrate in alcohol, decomposing witn ammonia, 
and crystallising from petroleum ether. It is 
purified by dissolving 111 dilute HCI, decolourising 
with animal black and precipitating with 
ammonia. The pure parieino thus obtained is 
a yellow amorphous powder, soluble in water, 
alcohol, ether, and petroleum ether; m.p. 11(5°. 
Its salts aio amorphous. 

Javanine was found by Hesse among the 
amorphous bases of C. Calisaya javamca. It 
separates from water in lhombic scales, very 
soluble in ether, and gives an intense yellow 
colour with dilute H 2 S() 4 . It yields a crystalline 
oxalate (Ber. 1878, 10, 2162). 

Kemijia Bases. 

Cujuemr and d* JJeuvahvt * and Sail *. — 
Cupreine occurs in cuprca bark 

(Kemijia pedunculata) together with the other 
cmehona alkaloids, except, einehonidmc. Its 
molecular combination with quinine was at 
j first mistaken for a new alkaloid, and called 
homoquinino (Howard and Ilodgkm, Chem. 
Noe 'Frans. 1882, 41, (Hi ; Paul and Cownloy, 

I ’harm. .1. 1881, 12, 497). Three yearn later, 
Paul and Cownley isolated the new alkaloid 
cupreine from homoqummo (Pharm. J. 1884, 
15, 221, 401 ; Hesse, Annalen, 1884 , 225, 98; 
ibid. 226, 242 ; 1885, 230, 72). Cupreine com- 
pletely crystallises out with the quinme when a 
sulphuric acid solution of the bases is neutralised. 
It is sopurated from the quinine by dissolving 
this rough sulphate in acid, precipitating the 
solution with ijcer** of NaOll, and extracting 
the qumme with ether. The alkaline aqueous 
liquor on neutralising with IPSO*, throws out 
cupreine sulphate. The base crystallises from 
ether in concentric prisms containing 2H 2 0, or 
from alcohol as a crystalline powder containing 
JHjjO, dehydrating at 120°. It is sparingly 
soluble m ether or elilorofoim, easily soluble in 
alcohol; mp. 198°, [«]{“= -175-3° for 15 p.c. 
solution in 97 p c. alcohol. Its solution in 
dilute H^NO* does not fluoresce, but giveB the 
thullcioquin reaction ; and with ferric chloride 
a reddish-brown colour is obtained. Cupreine 
is the lower homologue of quinine having a 
hydroxyl group replacing the methoxy group of 
quinine in the para- position of the quinoline 
ring. This —Oil group has phenolic properties 
whieh enables cupreine to form salts with tho 
alkalis, and strong compounds with the other 
cmehona bases. It is also dibasic, forming 
readily crystalline salts with acids. Heated 
with HCI (spgr. 1125) to 150° it is converted 
into an isomer, apoquimne, the same body 
being obtained from quinme under similar 
treatment, (qv.). When sodium cupreinate is 
treated in methyl alcohol solution with methyl 
chloride or methyl nitrate, quinine (methyl- 
cupreine) is obtained (Grimaux and Amaud, 
Compt. rend. 1891, 112, 374, 766; 114, 548, 
612). By this reaction the following higher 
homologues of quinine were obtained by 
Grimaux and Amaud : — 
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Qulnethyline C, 9 H 20 N 2 (OH)OC 2 H 5 , a white 
powder, m.p. 160 b , fa] D = — 169-4° ; sulphate 
B 2 *H 2 S0 4 ,H 2 0, plates, soluble in 397 of water 
at 16°. 

Qulnpropyline C 19 H 20 N 2 (OH)OC 3 H 7 , a white 
powder, m.p. 164°; sulphate B. 2 -H 2 S0 4 ,1£H 2 0, 
needles, soluble in 464 of water at 13°. 

Quinisopropyline C 19 H 20 N 2 (OH)OC 3 H 7 , a 
whito powder, m.p. 1 64° ; sulphate B 2 *H 2 S0 4 ,H 2 0, 
needles, soluble in 367 of water at 10°. 

Qulnisoamyllne (^ 9 H 20 N 2 (()H)()C e H n , amor- 
phous, m.p. 167° ; sulphate B 2 H 2 >S() 4 , needles, 
soluble in 4170 of water at 1 1 -5°. 

Those ethers all give fluorescent solutions in 
dilute HoS() 4 , whereas cupreine does not. They 
are strongly febrifugal, but more toxic than 
quinine. 

Homoquinine. The molecular compound 
of quinine and cupreine named homoqumino 
^o H 2 4 0 2 N,-(1 19 H 2 .0 2 N,„I, 2, or 4II 2 0 
may bo obtained by dissolving equi-moleeular 
proportion: of the two alkaloids m alcohol and 
evaporating to dryness, or by mixing 1 moleeulo 
of quinino hydrochloride with 1 molecule of 
sodium cupreinate (Hesse, Is.). It behaves 
like a simple alkaloid, alkalis alone breaking it 
up, and forms well-defined salts. It melts at 
177°, is hevorotatoiy, and dissolves with diffi- 
culty m ether, but readily in alcohol. 

For Hydrocupreine, see ‘ Hydroquinine.’ 

Salts of Cupreine. — Acetate BC. 2 II 4 O 2 ,2H. 2 0, 
fine noodles, soluble m 85 of water at 17° ; 
hydrobromide BHBr,li 2 0, noodles, soluble in 
122 of water at 16° ; dihydrobromide B*2MBr, 
soluble m 12 ‘5 of water at 16°; hydrochloride 
B*HC1,H 2 0, small needles, soluble in 53*6 of 
wator at 16°; dihydroohloride B-2HC1, short 
prisms, readily soluble in cold water ; hydnodidc 
B HI, soluble in 100-6 of water at 16° ; dihy- 
driodido B-2Hl,H a O, orange crystals, soluble 
in 15 of water at 16“ ; nitrate B HN0 3 ,2H 2 0, 
needles, soluble in 86 of water at 16° ; dinitrate 
B‘2H N0 3 ,H 2 0, yellow transparent crystals, 
soluble in 12 -2 of water at 17°; oxalate 
B0JI 2 0 4 ,2H 2 0, colourless crystals, soluble in 
407 of water at 1 8° ; platinochlorido 
B 2 H 2 PtCl 6 ,4H 2 0 

yellow amorphous precipitate ; diplatinochloride 
B'H 2 PtCl 6 ,H 2 (), orange needles; sulphate 
B 2 H 2 SO 4 ,0H 2 O (Hesse), anhydrous (Howard 
and Chick, J. Soc. Chem. Ind. 1909, 28, 63), 
needles, soluble in 813 of water at 17°; disul- 
phate B\H 2 S0 4 ,H 2 (), thick prisms, soluble m 
70 - 4 of water at 16° ; tetrasulphate 
B'2H 2 S0 4 ,3H„0 

short silky needles, very soluble in water, less 
soluble in alcohol; tartrate B 2 C 4 H 6 0 # ,H 2 0, 
white needles, soluble in 517 of water at 10°. 

Cinrhonaminr and its Salts.— Clnchonamine 
C 19 H 24 ON 2 occurs in the bark of Remijia Purdi- 
eana, together with cinchonine, concusconine, 
chairamine, ehairamidinc, conchairamine, and 
conchairamidine. It ia obtained by extracting 
the powdered bark with hot dilute II 2 S0 4 , the 
acid extract is precipitated by ammonia, and 
the precipitated bases filtered and dried. This 
driea mass is then extracted with boiling 
alcohol, the alcohol extract concentrated, 
cooled, and treated with HNO a (sp.gr. 1-200) 
until decidedly acid- Cincbonamine nitrate is 


precipitated and is purified by reorystalliBation 
from boiling water (Amaudj Compt. rend. 1881, 
93, 693 ; 1885, 97, 174 ; Hesse, Annalen, 1884, 
225, 218). 

The base crystallises in needles or ortho* 
rhombic prisms, melting at 185°, and subliming, 

1“]^= + 121-1° for 2 p.c. solution in 97 p.c. 
alcohol. It dissolves in alcohol or chloroform, 
and in 100 of ether at 17°; Blightly soluble in 
benzeno, petroleum other, CS», or water, ft is 
a strong base, giving well-defined salts, and differs 
from its isoraerides, hydrocinchonino and hydro- 
cinchomdine, in being readily attacke.d by 
permanganate at 0° m H 2 S0 4 solution. It 
differs from the cinchona bases in the great 
solubility of its sulphate and the insolubility of 
its nitrate, Amaud proposed the use of this 
alkaloid for the estimation of nitrates, but tho 
method is limited in its application (Ann. Ohim. 
Phyff. 1890, 19, 93 ; Howard and Pluck, J. Soc. 

< 'hem. Ind. 1909, 28, 53). Treated with excess 
of nitric acid (spgr. 1 06) a yellow amorphous 
explosive body, dinitrocmchonamine 
0 19 H 22 (NO 2 ),ON 2 

is formed, soluble in alcohol, chloroform, or 
ether, and melting at 1 18°. This base is insoluble 
in Rtrong HC1, but soluble in the dilute acid ; 
and on heating with strong HC1 does not give 
methyl chloride. Jt is strongly febrifugal, but 
also very toxic. 

Salts — Citrate B 2 "C e H 8 0 7 , prisms, soluble 
m 51 of water at 15° ; hydrobromide B’HBr, 
long needles, soluble in 600 of water at 15°; 
hydrochloride B-HC1, soft lamina 1 , or B HC1,H 2 0, 
transparent cubes, both soluble in 200 of water 
at 27° (Howard and Perry, J, Soc. (’hem. Ind. 
1905, 24, 1281); hydriodide B-Hl, long prisms 
or plates, soluble in 950 of water at 15° ; hypo- 
sulphite B-lljjSjjO,, prisms, slightly soluble in 
wator; malate B 2 -C 4 H # 0 6 ,1I 2 (), flaky crystals, 
soluble in 100 of water at 15° ; nitrate BHN0 8 , 
short prisms, soluble m 500 of water at 15° ; 
platinochlorido B 2 *H 2 PtCl # , semi-crystalline yel- 
low precipitate, insoluble m water ; picrate 
B-C # H 2 (N0 2 ) 3 -0H,4H. 2 0, yellow flocks, insoluble 
in water; sulphate B s *ll 2 S0 4 , transparent 
prisms, very soluble in water, less soIudIo in 
alcohol ; disulphate B # H 2 80 4 , octahedra or 
prisms,- very soluble in water ; sulphocyanide 
B-HCNS, laminae or Rliort prisms, insoluble in 
water; tartrate B 2 C 4 H fl O„, crystalline powder 
or thick prisms, soluble in 87 of water at 15°. 

Concusconine C 23 H 29 0 4 N 2 . To produce this 
base Hesse extracted Remijia Purdieana with 
alcohol, evaporated the extract to dryness, 
added a large excess of NaOH, and extracted 
with ether. On shaking the ethereal extract 
with excess of dilute H 2 80 4 the concusconine is 
precipitated as sulphate together with the 
chairamine isomorides ; the cinchonine and cin- 
c.honamine remaining in the acid solution. The 
rou$i sulphate is boiled with Na«CO a solution, 
and the freed bases washed, dried, weighed, 
dissolved in boiling alcohol, and l part of H 2 S0 4 
added for every 8 parts of alkaloid. Con- 
cusconine Bulphato separates out completely on 
cooling (Annalen. 1884, 226, 234). The Base 
forms colourless monoclinic prisms containing 
1H 2 0; m.p., after drying, 206°-208° with 
decomposition ; +40-8° for 2 p.c. solution 
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in 97 p.c. alcohol. It is slightly solublo in 
strong alcohol, less so in dilute, very soluble in 
chloroform, ether, or benzene. A solution in 
acetic acid or HOI gives a dark-green colour with 
concentrated 11N0 3 . This reaction is also given 
with the chairamine isomerides. Concentrated 
H 2 S0 4 gives a bluish -green solution, turning 
olive-green on warming. It is a weak base, its 
alcoholic solution being neutral to litmus. Its 
sail s arc mostly gelatinous, hut it gives a crystal- 
line sulphate B 2 *H. 2 S() 4 in small whito prisms 
almost insoluble in water or alcohol ; an oxalate 
B 2 *(f 2 lf 2 () 4 ; and a plntinoehlonde B'HjJ’tHlj 
Concuscomne is isomeric with brucine It 
contains two mothyoxy groups. 

Chairamine C ss H 2a 0 4 N 2 . On adding a little 
concentrated H( 'I to the alcoholic mothei liquor 
of the concuscomne sulphate (above), chairamine 
hydrochloride crystallises out in small needles. 
The base crystallises from dilute alcohol in 
slender white needles or from strong alcohol m 
thick prisms containing IH 2 0. which melt at 
140", and, after drying, at 233' ; f a 1,,= about 
j 100 m 07 p e. alcohol It. is readily soluble m 
chloroform or ether, and m 540 of 07 p e alcohol 
at 11°. Its acetic acid solution gives a dark- 
green colour with concentrated HNO v In 
concentrated ILSO* the base gives a colourless 
solution, slowly turning dark green. It gives u 
hydrochloride IWin,Jl 2 (), needles, soluble m 
water, slightly soluble in alcohol a plat.mo- 
chlorido B*H,Pt0l„2H.,O; and a sub hate 
R 2 'H 2 H0 4 .8H 8 0. 

Conchairamine (l 22 ll 20 () 4 N J . On adding a 
Jittlo solution of potassium Hulphoeyamdc to the 
chairamine hydrochloride mother liquor (above), 
eonchairamino sulphocyanido is obtained 
The base is liberated with NaOll and re- 
crystallised from alcohol. Thick colourless 
prisms IHl 2 () (LH R 01f are obtained, melting 
at 82°- 8f> ul , and losing their water and alcohol 
of crystallisation at 120°, being at the same 
time converted into an amorphous fotm. 
An acetic acid solution of the base pre- 
cipitated with ammonia yields white crystalline 
flocks containing I FLO, melting and de- 
hydrating at 1 10°. The unhydrouH base melts 
at 120", and lias fo|| ( ‘*= for 2 p c solution 

in 97 p.e. alcohol. It is soluble in chloroform 
or ether and in boiling alcohol In concentrated 
II 2 kS0 4 the base gives a brown solution turning 
dark green. It gives a dark-green colour in 
acetfie acid solution with concentrated HNO., 
A solution of the base in alcohol is neutral to 
litmus. Its salts arc 1 readily crystalline, the 
chief being: hydrochloride B'HCI ; hydnodide 
B HI.HjO ; piatinochloride B’H 2 PtCl # ,5II„() ; 
sulphoeyamde B-HCNS,I1 2 () ; sulphate 
B,-U 2 S0 4 i 9H 2 0 

Chalramldine ( 22 H L . C () 4 N 2 . When more potas- 
sium Bulphocyamde is added tn the filtrate^from 
the conchairamine sulphocyaindo until the dark 
colour of the solution becomes light brown a 
pitch-like mass separates. The mother liquor is 
now treated with excess of ammonia and shaken 
out with benzene ; tho benzene is extracted 
with acetic acid and the acid solution treated 
with a saturated solution of ammonium sulphate, ! 
when a. mixture of chairamidine and conchair- 
amidine sulphate is precipitated. The mixed I 


sulphates are dissolved in boiling water and 
cooled, a gelatinous mass precipitating, part of 
which becomes crystalline after standing some 
days. On now warming to 40°, the gelatinous 
part redissolvos, leaving the crystals of conehair- 
amidine sulphate. On re-coolmg chairamidine 
sulphate falls again as a jelly, which is drained 
oft, re -dissolved m water, and the base precipi- 
tated with ammonia. 

OhttiramuJine is a whito amorphous powder 
containing JH 2 (), melting, when dry, at 12(i°- 
128" with decomposition, and has [a I *«&=-{- 7 '3° 
for 3 pc solution in 97 pc. alcohol It is 
insoluble in water, readily soluble in alcohol, 
ether, chloroform, or lien/, cue It is a feeble 
base, its alcoholic solution being neutral to 
litmus. It gives a yellow solution in concen- 
trated II„S0 4 , slowly turning green. Animal 
black completely removes it from its solution 
in acetic acid Its salts, which are amorphous, 
have boon little studied 

Conehairamidine r 22 H 20 () 4 N, This base is 
obtained as crystalline sulphate m the prepara- 
tion of < hiuramidine (above). The free base is 
crystalline, contains IH3>, melts at 114°-] 15° 
after drying, and has J ct] ' r ’ - (>()“ for 3 p.e. 

solution of the anliydious base m 97 p o alcohol. 
It is very soluble m alcohol, other, chloroform, 
benzene, or acetone If. is a feeble base and 
neutral to litmus It gives a dark gieen colour 
in concentrated ]J 2 S<> 4 . Jt gives crystalline 
■ salts, tho chief being hydrochloride B HCl,3M a (); 
piatinochloride BIil ) Pt(!L,5H.,0 ; sulphate 
B. H 2 S<) 4 ,14I1 2 0. 

Cusco Basks. 

Aricine fLiH 20 (.) 4 N 2 . This alkaloid wor 
discovered in Custo hark by Pelletier and 
Corriol (.1. Pharm Ciuni 1829, 15, 575), and is 
identical with Man/, mi’s cincliovatmo Hesse 
obtained this base liy extracting the powdered 
hark wit.h alcohol, treating the alcoholic extract 
with excess of NaOJff, and oxtractmg with 
other. The* ethereal solution was shaken out 
with acetic acid, and the acid solution partially 
neutralised with ammonia, when aricine acetate 
separates out Tho filtrate mixed with a 
strong solution of ammonium sulphate, yielded 
cuseonino sulphate (Annalen, 1878, 185, 290), 
Moissan and Landnn, after powdering the bark, 
treating it with lime and 40 p.e. NaOH and 
re- dry mg, extract the alkaloids with ether. 
On washing out the ethereal solution with 
dilute II 2 S0 4 aricine sulphate falls out, is 
decomposed with ammonia, and the free baso 
crystallised from alcohol (J Pharm. Chun. 1890, 
[5] 21, 337). 

Aricine forms large colourless prisms, insol- 
uble in water, soluble m 100 of 90 p.c. alcohol, 
or in 33 of ether, at 15° ; very soluble in chloro- 
form. It melts at 188° and has fa| 15 = — 58‘2° 

L i) 

for 2 p.c. solution in 97 p.c. alcohol. In acid 
solution it is dextrorotatory, [al D — + 14-5°. It 
gives a yellow-green colour in strong H 2 S0 4 ’ 
turning a fine deep blue on addition of ammonium 
molybdate, which on warming turns olive-greon, 
reverting to blue on cooling. This reaction is 
characteristic for aricine and cusconine. Nitric 
acid colours aricine deep green, and dissolves 
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it to a greenish-yellow solution. Aricine is not 
bitter in flavour, but slightly astringent. It 
is a feeble base, its salts partly dissociating m 
wator. 

The chief salts are : acetate 
B*C 2 H 2 0 4 ,3H 2 0 

small white granular crystals, almost insoluble 
in cold water, slightly soluble in hot ; citrate 
B'0 8 H,0 # , colourless needles, slightly soluble 
in water ; hydrochloride BHC1,21I 2 0, colourless 
prisms, slightly soluble m cold water ; hydriodide 
B H1, colourless prisms, almost insoluble in 
wator ; oxalate, granular white crystalline 
powder; birioxalate B C 2 1J 2 () 4 ,2H 2 (), prisms, 
rapidly changing to rhombohedra, soluble in 
2025 of wator at 18°, platmochlonde 
B./HoBU !1 8 ,5H 2 <), orange-yellow precipitate, 
sparingly soluble in water ; salicylate 
B H 7 il 8 ().„2H 2 0 

pale yellow pulverulent precipitate, spaiingly 
soluble in wator, easily soluble in alcohol ; 
sulphate B, line noodles, fairly soluble 

in cold water, disul]>hate B 1] 2 S0 4 . small 
crystalline groups, very slightly soluble in cold 
water ; sulphoeyamde BTICNS, small colourless 
prisms, very slightly soluble in water. 

Cusconine IB. The rough cusco- 

nme sulphate, obtained from the aricine acetate 
mother hipnd (above), on precipitation with 
ammonia as the base and crystallising from 
ether, is obtained as white lamina'. From 
alcohol or acetone larger crystals may he 
obtained. The crystallised base contains 2JLO, 
which it loses at NO", the anhydions base melting 
at 1 10°. It has [all'* —54 3" for a 2 p e solu- 
tion in 07 ]) c alcohol. The base dissolves in 
35 parts of ether at 15", more easily m alcohol 
or acetone, is very soluble in chloroform, hut 
is insoluble in water. It gives the same colour 
reactions with H ,iS0 4 and ammonium molybdate 
as aricine. It is a feeble base, its salts having 
an acid reaction Most of the salts aro gela- 
tinous or amorphous Hesse (Annalen, 1878, 
185, 2!)(i) prepared the following salts: auri- 
ehloride, dirty yellow amorphous precipitate 
readily decomposing ; hydro bromide, white 
amorphous precipitate, soluble in water; 
hydrochloride, uncryslalhsable, hut forms with 
mercuric chloride a pulverulent precipitate 
B’HOl'HgCl^HjjO ; hydriodide, pale yellow 
amorphous precipitate, freely soluble m water ; 
platinochloride B 2 ,II 2 Pt(!l e ,5Il 2 0, amorphous 
floeeulent dark yellow precipitate ; sulphate 
B 2 H 2 S0 4 , lamimc from alcohol ; disulphate, 
gelatinous and uncrystallisablc ; thiocyanate 
B , H()NS,2H 2 0, palo yellow amorphous powder. 

Cusconidine, an amorphous base precipitated 
from cusconine mother liquors with alkalis ; it 
falls as palo yellow flakes which, after washing, 
mass together, and on drying form an amorphous 
mass (Hesse, Annalen, 1880, 200, 303). 

Cuscamine. From an acetic acid solution 
of the total alkaloids of Cusco bark nitric acid 
precipitates insoluble cuscaminc and cuscamidine 
nitrates. On conversion of the nitrates to 
oxalates, and washing with water, cuscamidine 
oxalate dissolves, leaving cuscamine oxalate. 
The free base is obtained by treating with 
NaOH, and crystallising from ether and alcohol. 
Cusoamine forms oolourleBs prisms, m.p. 218° 


(uneorr.), with decomposition, very soluble in 
other, moderately soluble in aloohol. it gives a 
yellow oolour with concentrated H 2 S0 4 , turning 
brown on warming ; on adding molybdio acid 
a bluish -green colour is obtained, turning brown 
on heating, and violet-brown on re-oooling. 
With nitric aeid a yellow colouration is obtained. 
It readily yields crystalline salts (Annalen, 
1880, 200 j 304). 

Cuscamidine is obtained by concentration of 
its oxalate solution obtained as above. Jt 
closely resembles cuscamine in chemical and 
physical properties, but its salts aro more 
soluble 


AsmioscERMA Bases. 

Paytine (l 2) lI 24 ON a is extracted from the 
j white bark of 1‘ayta (Peru) by means of alcohol. 
I The alcoholic extract is dried, mixed with 
! NaOH. shaken with ether, the ethereal solution 
I extracted with dilute H 2 S0 4 , the aeui liquor 
I treated with animal charcoal and neutralised 
I with ammonia On adding K1 solution 
| until no moio precipitation occurs, paytmo 
liydi iodide tails as a white precipitate, be- 
i coming dense, yellow, and crystalline. The 
l free base crystal list's in line prisms con- 
taining IH.O, and is soluble in alcohol, 
[ ether, benzol, hgroin, and chloroform, slightly 
j soluble m watci ; in p. 150", [a^— — 49'5° in 
1005 pc. alcoholic solution. An alcoholic 
I solution is alkaline to litmus The base has a 
! bitter flavour, but is not toxic, tt gives curious 
I characteristic colour reactions. With con- 
l centratod HN() 3 it gives a colourless solution 
| passing through garnet-red to yellow. Its 
hydrochloride yields with platinum chloride a 
dark yellow precipitate, dissolving in HC1 to ft 
reddish -brown solution, turning blue and giving 
a blue precipitate. Bleaching powder produces 
in acid solution a dark rod colour, turning blue 
and then palo yellow witli precipitation. Hold 
chloride gives a purple colour and precipitate ; 
mercuric chloride a yellow amorphous precipi- 
tate. It. gives several crystal lino salts, the 
chief being the hydrochloride B HC1, prisms, 
soluble in 16 6 of water at 15°. Heated with 
soda-lime it yields a non-mtrogenous body, 
paylonr (Hesse, Annalen, 1870, 154, 287 ; 
1873, 100, 259; 1882, 211, 280; Ber. 1881, 13, 
2308; Wulfsberg, I’harm. Zeit. J880, 646; 
Arata, Gazz. ohim. ital. 1881, 11, 246). 

Payt^mine C 21 H 24 ON 2 is an amorphous 
alkaloid precipitated from the iodide nfother 
liquor of paytine hydriodide (see above) by 
alkalis. It is readily soluble in ether, gives a 
purple colour with gold chloride, but differs 
from paytine in yielding a soluble hydriodide, 
and by not giving paytone on heating with soda- 
lime. B. F. H. & O. 0. 

CINE0L v. Camphors, Santonioa. For 
motjiod of estimating cineol in volatile oils, see 
Dodge, Analyst, 1912, 461. For its solubility 
in wator, j see Earle, J, Soo. Chem^ lnd. 1918, 
274 T. 

CINNABAR. Native mercury sulphide (HgS), 
and the only ore of this metal, its crystals are 
rhombohodral, with perfect cleavages parallel 
to the faces of the hexagonal prism ; they are 
of interest crystallographioally in presenting the 
same type of trapezohedral symmetry as quartz, 
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and, like this, they rotate the plane of plane- 
polarised light. They are bright-red in colour, 
often transparent, and have a Brilliant adaman- 
tine to sub-metallic lustre ; the scarlet streak is 
characteristic. Sp.gr. 8*1 ; hardness, 2-2 £. 
The refractive indices are high : for the ordinary 
ray 2*854, and for the extraordinary ray 3*201 
for red light. The massive ore, which may be 
compact or earthy in texture, is of the same 
colour; but sometimes it is liver-brown or black, 
owing to tho admixture of clay or organic matter, 
as in the varieties called respectively hepatic 
emnubar and cored-ore (German, Kartdlcncrz). 
Cinnabar is very sporadic in its distribution, 
and no mineral containing mercury has yet 
been found in the British Isles It, is mined 
at Almaden in Spain ; Monte Amiata in Tus- 
cany ; fdria in Camiola , New Almaden m 
California; in the provinces of Kwei-ehmi and 
Hunan, in central China; and in Mexico and 
Peru. 

Cinnabar and two other crystalline modifi- 
cations of mercuric sulphide have been obtained 
artificially by E T Allen and J. L. Crenshaw 
(1912). Cinnabar jh the stable form at all 
temperatures lip to its sublimation point, about 
580°. L. .1. S. 

CINNABAR, AUSTRIAN, v Chromium. 

CINNAMALDEHYDE, (hnnamir aldehyde I 
C # H B *CH : CH'CHO, is contained, together with 
a hydrocarbon, in oil of cinnamon and oil 
of cassia. It may be extracted from oil of 
cinnamon by shaking the oil with a concen- 
trated solution of sodium bisulphite, filtering off 
tho crystalline bisulphite compound, washing 
the latter with alcoliol and distilling it with 
dilute sulphuric acid, when the cmnamaldehvde 
passes over with the steam. The cmnanialde- 
nyde is extracted from the aqueous distillate 
with ether, and, after expelling the ether, is 
purified by distillation under a pressure of from 
40 to 50 mm (Peine, Ber. 1884 , 2100) It may 1 
be extracted from cassia od by adding to it, the 1 
barium salt of sulphamlic acid, filtering off the 1 
crystalline compound thus formed and steam 
distilling, whereby the compound is resolved 
into its components and cmnamaldeliyde distils 
over (Cli. Eab. von Heyden Akt.-Gesei. I). It. P. 
1 24220; (’hem. Zentr. 1001, ii. 003). It is 
obtained by allowing a mixture of 10 parts of 
benzaldchyde, 15 of ordinary aldehyde, 000 of 
water, and 10 of a 10 pc solution of caustic 
soda to stand at a temperature of about 30° 
for from 8 to 10 days, shaking fron) time to 
time': 

C a H B *CHO + CH 1 *OIIO =-C 6 ir 6 *OH*CH*(!HO E H z O 

The solution is extracted with ether and the 
ethereal extract treated as in the foregoing 
method (Krszysica, Bor. 1884, 2117). It is 
beat prepared by the condensation of bcnzalde- 
hyde and ordinary aldehyde at a low tempera- 
ture by means of a concentrated alkali solution. 
Tho alcoholic solution of the aldehydes, cooled 
to —10°, isr agitated with a 25-30 p.e. solution 
of caustic soda, previously cooled to tho same 
temperature. Under these conditions the forma- 
tion of resins is avoided ( Boehringcr and Sohne, 
Eng. Pat. 10003 ; ,T. Soc. Chem. Ind. 1897, 4f»3). 
Also formed when a mixture of calcium cinna- 
mate and calcium formate is distilled (Piria, 
Annalen, 100, 105). 


It is a colourless oil with a pleasant aromatio 
smell of cinnamon. It decomposes when dis- 
tilled under ordinary pressures, especially with 
access of air, but may be distilled without de- 
composition in a current of steam or under 
reduced pressure. It boils at 120°-130° under a 
pressure of 20 mm. (Peine, Ber. 1884, 2110); 
at 209*5° under 250 mms (Perkin, Chem. Soc. 
Trans. 1890, 1247) and solidifies at —-7*5° 
(Pictet, Compt.. rend. 119, 955); sp.gr. 1*0497 
20°/4° (Briihl, Annalen, 235, 18). 

By oxidation it yields first, cinnamic acid 
and afterwards Ihw, aldehyde and benzoic acid. 
Direct reduction does not, lead to cmnamyl 
alcohol as the aldehyde polymerises. Reduction 
with tho zinc-copper couple gives rise to hydro- 
emnamoiu C_,H.,(()IJ) 2 (CH : GHPh) 2 (Thiele, Ber. 
1899, 1290). It gives the usual reactions of 
the aldehydes The diacetyl derivative of the 
aldehyde, obtained by the action of acetic anhy- 
dride, can, however, be easily reduced by iron 
m acetic acid solution, and by subsequent 
saponification the alcohol is obtained (Barbier 
and Loser, Bull Soc rhim 1995,858). 

Estimation — To estimate cinnamic aldehyde 
in oil of cinnamon or oil of cassia, 10 e c. of the 
oil are heated on the water-bath, and a solution 
of sodium bisulphite added in small quantities, 
time being allowed for t he solid to liquefy between 
oa< h addition The precipitate ih filtered off and 
weighed (Schimtnel, Chem Zentr. 1892, i. 92). 
Uanus (.1 Soc ('hem. Ind 1903, 1 154) estimates 
emnam aldehyde bv means of its semioxama- 
zone. Nee aUo Burgess, Analyst, 29, 78. 

It may lx* estimated eolonmetncally by the 
reaction it. develops on treatment with sulphuric 
acid and i.sobutyl alcohol (Jcllcnbcrg). 

CINNAMEiN v Balsam of Peru , art. 
Balsams. 

CINNAMIC ACIDC # H 6 *CfT:CIJ*COOH. (Aridc 

ernnamn/ue, Er. ; Zrmmtmure, Ger ) fl-Phenyl- 
acrylic and The separation of a solid acid 
from oil of cinnamon on keeping was first 
observed towards the end of the 18th century, 
but the acid was confounded with benzoic acid, 
until Bizio, in 1820, showed that it was a 
distinct acid. Lt, was first, investigated by Dumas 
and Peligot (Annalen, 14, 50). 

Occurrence. — In liquid storax, partly free, 
partly as cinnamyl nnnamate (styracm) ; in 
t-olu and Peru balsams together witli benzoic 
acid and benzyl cinnamate ; in some sorts of 
gum benzoin ; m Barbados aloes ; and in the 
leaves and stalks of Globular m alypurn and G. 
vulyaus, m the leaves of Enkianthm japonicus, 
and as esters in many varieties of guttapercha. 

Formation and Preparation . — It is formed 
by heating lienzaldehydo with acetyl chloride at 
120° 130° (Bertagnini, Annalen, 100, 126) : 

CJVCIIO 1 CH 3 *C0Cl-C 6 B 6 *t:n:CH*C0 2 H+HCl 
Perkin showed that it might be more readily 
obtained by heating a mixture of benzaldchyde, 
acetic anhydride, and anhydrous sodium ace- 
tate 

0 6 ff 6 *CHO +(CH 3 *CO) 2 0”f! fi H B *CH:CH*C0 2 H + C 8 H 4 0 2 

(Chem. News, 32, 258 ; Chem. Soc. Trans. 1877, 
388). Edcleano and Budishteano (Bull. Soc. 
ohnn/3, [3J 191) state that by heating 1 part of 
benzaldchyde, 1 part of acetyl chloride, and 3 
parts of sodium acetate for 24 houre at 160°, and 
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subsequently extracting with alkali and precipi- 
tating the cinnamic acid with hydrochloric acid, 
the cinnamic acid is obtained in quantitative 
yield. The cinnamic acid employed in the pre- 
paration of artificial indigo was at first manu- 
factured by this method ; but the process was 
afterwards improved by Caro (I). R. P. 17467 and 
18232 ; Frdl. i. 26), Who showed that cinnamic 
acid could be prepared by heating benzal chlorido 
with dry sodium acetate, thus avoiding the use 
of the expensive acetic anhydride 

C # H 6 ’CHCl 2 -f 2CIl J , C() 2 Na 

=C„H 6 'CH : C H 'CO ,H - 1- 2NaCl + C 2 H 4 0 2 

1 part benzal chloride, and from 2 to 3 parts 
of finely powdered fused sodium acetate (for 
which potassium acetate or a mixture of the 
potassium and sodium salts may be substituted) 
are heated at 180 ,, ~200° for from 10 to 20 hours 
in an autoclave furnished with a mechanical 
stirrer. The melt is mixed with water, rendered 
alkaline with caustic soda, and steam-distilled 
to remove volatile oils, after which the solution 
in the retort is filtered hot, and the cinnamic 
acid is precipitated with hydrochloric acid, 
filtered oil after allowing the solution to cool, 
pressed, and finally purified by recrystallisation 
from boiling water or alcohol. A method 
patented by the Karbwerke vorm. Meister, 
Lucius und Pruning (I). R. P. 18064), in which 
lead acetate is substituted for sodium aeotate, 
offers no advantages over the foregoing. 

Cinnamic acid may lie prepared from 
henzyhdeneacetone C„ H 6 •(’ fi.Cfl •( <( ) ‘CH.,, which j 
is readily obtained by the condensation of ; 
benzaldehyde with acetone under the influence j 
of dilute caustic soda (Claisen, Per. 14, 2471). 
When this compound is oxidiAed by warming it 1 
with sodium hypobromite, it is converted into ! 
cinnamic acici (Farbwerke vorm. Meister, ; 
Lucius und Pruning, 1). R. P. 21162 ; Frdl. i. 28). 

By employing substituted benzaldehydes, ] 
benzal chlorides, or benzylideno-aeetones in the 
foregoing reactions, substituted cinnamic acids 
may bo obtainod. 

It may also be prepared from benzaldehyde 
and malonie acid in the presence of ammonia or 
amines ; in the place of benzaldehyde the 
lienzylideno compounds of certain amines, such 
as hydrobenzamide, may be used (Kmevcnagcl, 
Per. 1898, 2692; (hem. Zontr. 1898, ii. 695; 
I). R. P. 97735) ; or by heating benzylidene 
diacetate with glacial acetic acid and sodium 
acetate for 10 hours at 160°- 180° (Nef, Annalen, 
1897, 298, 309). 

Cinnamic acid may lie extracted from storax 
by boiling in a retort 1*5 kilos of storax with 

2 litres of caustic soda of 24°B. until no more oily 
drops distil over with tho steam. In this pro- 
cess the styracm is hydrolysed, forming sodium 
cinnamate and cinnamyl alcohol, the latter 
being volatile with the steam. The aqueous 
liquid in the retort is separated and the residue 
repeatedly extracted with boiling water, after 
which the cinnamic acid is precipitated from 
the united aqueous solutions by hydrochloric 
aoid and purified by recrystallisation (Beilstem 
and Kuhlberg, Annalen, 163, 123); Claassen (J. 
Soc. Chem. Ind. 1897, 932) uses sodium carbonate 
instead of caustic soda. Precipitated cinnamic 
acid may be readily freed from adhering resin 
by recrystallising it from hot light petroleum. 


Properties and Reactions. — Forms slender 
needles or large transparent prisms melting at 
133°. Sublimes in absolute vacuum at 108° 
(Liebermann, Ber. 1900, 33, 2402). Boils at 
300° (corr.). If rapidly distilled, it scarcely 
suffers any decomposition, but by slow heating 
it is broken up into stryolene ana 

carbon dioxide. Sparingly soluble in cold, more 
readily in boiling water ; easily soluble in alcohol. 
Forms crystalline salts closely resembling those 
of benzoic acid. Oxidising agents convert it 
first mto benzaldohyde (distinction from benzoic 
! acid) and afterwar<ls mto benzoic acid, tho final 
1 iroducts when potassium permanganate is used 
( icing phonylglycorio acid, benzaldehyde, and 
j lienzoic ami oxalic acids (Fittig and Ruer, 
Annalen, 268, 27) When taken internally it 
is oxidised to benzoic acid, and appears in the 
1 urine as hippuric acid. By fusion with caustic 
potash it yields a mixture of Iienzoato and 
! acetate It unites with nascent hydrogen to 
j form hydrocinnamic (jS-phonyl-propionic) acid; 

[ with bromine to form a di bromide ; and with 
! the hydracids to form /3-haIogen-hydrocinnamic 
acids — thus /8-chIor-hydroemnamic acid C # H.* 
(!H0Km 2 '0O,]J. 

(’.innate acid condenses with hydrocarbons ; 
thus with benzene and sulphuric acid, it forms 
phenylhydrindone (Liebermann and Hartmann, 
Ber 1892*2124); with phenols, phenol itself 
yielding hydroxyphenylcoumarin (L. and H. 
ibid. 1892, 957), and with sulphur to form 
diphenylthiophono. For its detection, see Schenk 
& Purmeistor, Pharm. Zoit. 1915, 60, 213; 
Analyst, 1915, 409. 

Esters. Methyl cinnamate. White crystal- 
line solid ; m p. 36° ; b p. 263°. 

hthyl cinnamate may be obtained direct 
from benzaldehyde by means of ethyl acetate 
and sodium (Farb. vorm. Meister, Lucius und 
Pruning, 1). R. P. 53671 ; Eng. Pat. 4969; J. 
Soc. Lhem. Ind. 1891, 358 ; Claisen, Ber. 1890, 

I 976). It is a colourless liquid, boiling at 226° 
(eorr.) under 250 mm. (Perkin, Chem. Soc. 
Trans. 1896, 1228). By beating 2 parts of ethyl 
cinnamate with 1 part of sulphur at 150°-100° 
for 8 hours, a yellow odourless compound 
1 C # H a S 2 0 js formed, and is suitable for thera- 
peutical purposes (Farb. vorm. F. Bayer and 
Co. Eng. Pat. 8425; 1). R. P. 87931 ; J. Soc. 
Chem. Ind. 1896, 293 ; K ustor, Ber. 1897, 115). 

Benzyl cinnamate v. Benzyl benzoate. 

Isomeric acids. AKocinnamic acid, m.p. 68°, 
dimorphous isocinnamic acid, m.p. 42°/58 , have 
been described, but a discussion as to their 
constitution cannot be entered into hero. (Bid* 
mann (Ber. 1909, 182 and 1443) and Liebermann 
(Und. 1027). Cf. Stobbe (Ber. 1911,44, 2739), who 
has studied the transformations of alio - and iso- 
cinnamic acids in the fused and crystalline states. 

Substituted cinnamic acids. Of the substi- 
tution derivatives of cinnamic acid, the only one 
of imlustrial importance is orthonitrocinnamic 
acid, which is prepared in the manufacture of 
orthonitrophenylpropiolic acid (r. Tndigo, Arti- 
ficial). On a large scale cinnamic acid is first 
converted by heating with alcohol and concen* 

I trated sulphuric acid into ethyl cinnamate. 

^ The latter substance, winch, being a liquid, is 
more easily manipulated in the nitration process 
than tho solid cinnamic acid, is run in a thin 
stream into tho calculated quantity of oold 
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nitrosulphurio acid. The mixture of ortho- 
para-nitrocinnamic outers thus formed is dis- 
solved in warm alcohol. On cooling, the para- 
compound crystallises out. whilst the ortho com- 
pound remains in solution. The two ethyl salts 
are hydrolysed by heating with sulphuric acid. 
The ortho- acid has also been prepared from 
o-mtro-bcnzyhdene acetone by warming it with a 
3 p.c. solution of sodium hypochlorite (II debater, 
Karb. I). R. P. 21162; Erdl. 1 . 2!)). In this 
process the two isomendes are formed m 
approximately equal quantity. 

Orlhomtrannmmir and 

C 0 H 4 (N<) 2 )CJI:CHCO 2 TI 

is insoluble in water, sparingly soluble in cold, 
more readily soluble in boiling alcohol, from 
which it is deposited m crystals melting at 210‘ J . 

The pain- compound melts at 285' ’-280", and 
is very sparingly soluble even in boiling alcohol 
It cannot be used m the preparation ol artificial 
indigo, and the attempt made to utilise it m 
the rosanilme manufacture has not proved 
industrially suoeesstul 

CINNAMON. The inner hark of shoots of 
the Vinnamomum zn/la>inuvi (Nees). nat old 
Linnaccae, or true laurels A< cording to JVr- 
cival, if is imported piincipally from Ceylon, 
but. in part also from Madras, Tellichcrry, and, 
rarely, from .lava The ]>aik-poolcrs%4ect such 
branches as are 3 years old, and not more than 
2 or 3 inches in diameter nor less than hall 
an inch. The hark in drying rolls up into 
quills, many layers being enclosed m one quill 
It ih used as a condiment, and yields a highly 
perfumed essential oil employed in the 

preparation of chocolate and foi purposes of 
perfumery. Both the bark itself m its powdered 
state aiul the oil derived from it arc frequently 
adulterated by cassia, (a Cassia). 

The value of cinnamon depends upon its 
content of einnaiiuldohyde rather than on the 
essential oil. A method for the estimation ol 
cmnnmnldehyde depends on the eoloiuation 
developed by treatment with sulphuric acid 
and uwbutyl alcohol (a. Kellenboig, Analyst, 
11)10, 274). 

CINNAMON BROWN v. Azo- colouring 

MATTERS. 

CINNAMON OILr. On.s. Essential. 

CINNAMON-STONE or Hessonite. A gem- 
variety of garnet of a warm reddish-brown 
colour (hence the name) and transparent. Tt is 
essentially an orthosilicate of ealnum and 
aluminium Ca 3 Al 2 Ni.,() 12 , containing, however, 
isomorphous replacements of mm, manganese, 
and magnesium. Brilliant crystals are found in 
veins in serpentine at Ala in Piedmont, but 
material of the best, gem-quality is found as 
pebbles in the gem -gravels of Ceylon. 

L J S 

CINNAMYL COCAINE v. Cocaine and the 
coca alkaloids. * 

CITARJN. Trade name for sodium anhydro- 
methylene citrate. 

CITRAL v. Terpen es. 

CITRAMALIC ACID v. Malic acid. 

CITRIC ACID C„H s 0 7 . Occurrence . — This 
acid oommonly occurs m the jniro of many 
fruits, and in the sap of many plants. 

Synthesis . — The acid has been prepared 
artificially by Grimaux and Adam (Compt. rend. 


1 j 90, 1252). A saturated solution of dichlorace- 
I tonic acid was neutralised with sodium carbon- 
I ate, and heated with two molecules of potassium 
cyanide. Tho resulting solution of dicyano- 
acetates was saturated with hydrochloric acid 
gas, and heated on a water- bath for 15 hours, the 
citric acid was then separated as calcium oitrato 
by neutralisation with nfilk of lime. Another 
synthesis has been effected by Lawrence (Chem. 
Soc. Proo. 1897, 05), who obtained ethyl citrate* 
by heating together ethyl brom acetate and 
ethyl oxalylacetato m the presence of zinc. 

Properties — -The crystallised acul of com- 
merce has the formula 0 6 H 8 () 7 ,H 2 0. The crystals 
are large prisms belonging to the trimetric 
system. Their sp gr., according to Buignet, is 
1 *553 They deliquesce m danij) air, and in 
perfectly dry air slowly lose the whole of their 
water. Different crystals (probably differently 
prepared) may lose water at very different rates 
( Warmgton,’ fc (!hcm Soc Trans. 28, 928 ; Gros- 
jean, ibid , 43, 331) According to Marehand (J. 
pr Chem 1841, 22, GO), crystals obtained from 
a saturated boiling solution have the formula 
2(0„li 8 0 7 ),H ,0 According to a latet investiga- 
tion by ISarandinaki (Bit 5, 110), the crystals 
from a solution long boiled are anhydrous. 
Citric acid is optically inactive. The ordinary 
crystallised acid dissolves in about half its weight 
of boiling water. Aqueous solutions of various 
strengths have, according to Gerlach (Zeitsch. 
anal. Chem. 1809, 295), the following sp.gr at 


Acul p <• 

Sp gi. 

Acul pc 

Sp i?r. 

l 

1 0037 

34 

J 1422 

2 

1 0074 

35 

J 1407 

3 i 

1 0111 

30 

11515 

4 

1-OI45) 

37 

1 1504 

5 

1 P180 

38 

1 1012 

(i 

1 *0227 

39 

1 1001 

7 

1 0208 

40 

1*1709 

8 

1 0309 

41 

1*1750 

9 

1 0350 

42 

11814 

10 

1 0392 

i 43 

1*1851 

11 

10431 i 

i 44 

1 1899 

12 

J 0470 

j 45 

1*15)47 

Iff 

10509 

1 40 

1*1998 

14 

1 -054!) 

1 47 

1 *2050 

15 

1 0588 > 

i 48 

1*2103 

1G 

1*0032 

! 4!) 

12 153 

17 

1*0075 

1 50 

1*2204 

18 

10718 

1 51 

1*2257 

19 

10702 

! 52 

1*2307 

20 

I *0805 

j 53 

1*2359 

21 

1 *0848 


1*2410 

22 

1 *0889 

! 55 

1 *2462 

23 

1 0930 

50 

1*2514 

24 

I *0972 

57 

1*2572 

25 

11014 

58 

1*2627 

20 

1 *1000 

59 

1*2683 

27 

1 1100 

00 

1*2738 

28 

1 1152 

01 

1*2794 

25) 

1*1198 

02 

1*2849 

30 

1*1244 

03 

1*25)04 


1*1288 

04 

1*2960 

32 

11333 

65 

1*3015 

33 

1*1378 

66 

1*3071 



CITRIC ACID. 


28 ft 


A 25 p.o. solution boils at 101 '8°, a 50 p.o. 
solution at 105‘8° (Gorlach, J. 1859, 48). 

At 15° the solubility of the crystallised acid 
in alcohol is as follows : — 

100 of 80 p.c. alcohol dissolve 87 
„ 90 „ „ „ 52-85 

„ 100 75-90 

100 parts of anhydrous ether dissolve 9*1 of the 
* crystallised acid. 

According to Buchner (Her. 1892, 1159), the 
ordinary hydrated acid melt* between 135° and 
152°, and the anhydrous acid at 152°. Saltzcr 
(Arch. Pharm. 221, 514) linds that the JineJy 
powdered hydrated acid, if slowly heated, 
becomes anhydrous at 55°, and melts at 100° 
in this condition. 

Decomposition , s -When heated to 175°, ace- 
tone and carbonic oxide are evolved, the residue 
is acomtie acid C fl H B <)„ ; the same acid is formed 
m small quantity when a solution of citric acid 
is long boded (J)essaignes) When heat is con- 
tinued beyond 175“, an oily distillate appeals, 
which yieldi crystals of ltneonie acid C 6 ll 0 O 4 . 
By further heating, llaeonu acid is transloimed 
into an unerystalli, sable oil, eit laconic anhydride 
G f) H 4 0, Heated with sulphuric and, carbonic 
oxide and acetone are given off, the intermediate 
stage m the reaction being the production of 
acetone diearbovylie acid (e Peehmann, Bor 
lH8'l, 17. 2542) This acetone diearbnxyJie acid 
is also formed m the ovulation of citric acid by 
potassium permanganate and by the photo- 
chemical decomposition of citiie acid in the 
presence of 1 p e. uranium oxide 

Solutions of citiie acid an* lapidlv destroyed 
by fungi A com ding to P Watts (J. Soc 
Chem. Ind. 1880, 215), the action of Sai < Imro- 
myces mycotteuna on lime juice is to convert the 
citric acid into carbonic acid and water. Ac- 
cording to I. Macagno (( Jazz ehim ital 11,442), 
an alcoholic fermentation in lemon puce does not 
a fleet the citric acid, but under the influence of 
bacteria the citric acid disappears, and aeolic 
and propionic acids arc formed. 

Salts . — Citric acid is tnbasie, and forms in 
consequence three classes of Halts 'Die salts 
with the alkali metals an* readily soluble in 
water; the lieutial salts of the alkaline earths 
are only sparingly soluble 

Calcium citrate Ca 3 (C ( ,fT ft 0 7 )_„4lI > ,0 does not 
lose water at 1 ()()'’ When precipitated m a 
crystalline stale its solubility in water is 1 m 
1180 at 14°, and 1 in 1720 at 90° 100°. Whim 
thrown down in an amorphous condition, the 
solubility is greater, 1 in 707 at 18°, and 1 in 
1 123 at 100° (Chem Soc. Trans. 28, 939) 

When a solution of citric acid contains a 
ferrous, ferric, or aluminium salt, m not too great 
proportion, it may be made strongly alkaline 
with potash or soda without producing a preci- 
pitate. Such a solution may also be boded with 
chalk without precipitating iron or aluminium, 
although r a largo part of the citric acid falls as 
calcium citrate. (With tartaric acid m the place 
of citric, iron is to a small extent precipitated 
by chalk in the cold, and entirely on boilmg.) 
If, however, the ferric salt bears a large propor- 
tion to the citric acid, the whole is precipitated by 
chalk, even in the cold (Chem. Soc. Trans. 28, 
990). 

Derivatives . — Methyleneoitric acid is obtained 


| by heating citric acid with four timos its weight 
ot polymeric formaldehyde at 140°-160°, and 
allowing the melt to crystallise. It is tolerably 
stable towards acids, but is decomposed by alkalis 
with elimination of formaldehyde. Its di-sodium 
salt is known as ‘citarin.’ It is used as a 
disinfectant for the urinary passages (Ch. Bab. 
auf. Act. vorm. K. Schermg, U.8. Pat. 699422 ; 
J. Soc. Clicm. Ind. 1902, 791). 

Monophenetulenecitric acid is obtained by 
heating 42 part* of citric acid with £7*5 parts of 
'/y-aminophenetol for some hours at 100°. The 
product is dissolved m caustic soda, and tho 
acid precipitated with hydrochloric acid. 
Diphcnetideneeitric acid is obtained similarly. 
They are medicinal substances, acting energeti- 
cally as precipitant* without producing secondary 
symptoms (Barb von Heyden-Naehfolgcr, Eng. 
Pat 1254 , d. Soc Chem Ind. 1895,385). 

Drlfctwn — Citric acid is best recognised 
when m a pure state by its yielding on heating 
an oily sublimate, winch afterwards crystallises 
(itaeome acid). A solution ot citric acid, neu- 
lialiHod with ammonia, gives no precipitate in 
the cohl with calcium chloride, except after long 
standing , but on boilmg, calcium citrate is pre- 
cipitated. Calcium citrate, precipitated m the 
cold, is freely soluble m solution of ammonium 
chloinle, Jiml is precipitated therefrom on 
boilmg Alkali citrates do not reduce silver 
salts on boiling, as tartrates do, or only to a 
trilling ovtent. 

Kam merer (Zeitsch. anal. Chem. 8, 298) 
recommends the detection ot citric and by the 
formation of a crystalline bin mm Halt. To tho 
free acid, or to the alkali salt, excess of barium 
acetate is added, and the whole heated on a 
water-bath for several hours ; the barium citrate 

Ba i (C 6 H,O,) 4 .7H # 0 

will then be found in microscopic monoclinic 
prisms 

Deluges (Conipt. rend. 130, 32) adds to the 
solution of it* volume of a reagent obtained 
by dissolving 5 grams of mercuric oxide in 20 
e.e of cone sulphuric acid, and 100 c.c. of 
water. The solution is heated to boilmg, and, 
if citric acid is present, a white precipitate is 
obtained on the addition of a few drops of a 
2 [i c solution of potassium permanganate. 

Another method is to add potassium perman- 
ganate to the solution until it. is pink. If a 
precipitate is formed, or a brown colour pro- 
duced, aitimomum oxalate is added until it is 
destroyed. On adding bromine water a white 
precipitate is obtained, which, on the addition 
of alkali, gives the characteristic smell of bromo- 
form (Stahre, J. Soc. Chem. Ind. 1890, 53 ; 
Wolilk, Zeitseh. anal Chem. 1902, 77). 

The test* for adulteration will be given at 
the close of this article. 

NshmaUcm — When the quantity of citric 
acid In a solution is determined by alkalimetry, 
phenolphthalcin should be used as thojndicator ; 
in coloured solutions rod-brown turmeric paper 
(Thomson, J. Soc. Chem. Ind. 1887, 195) has 
been recommended. If neutral litmus paper is 
used, the alkali must be standanlised with citric 
acid. The quantitative determination of citric 
acid by precipitation as calcium citrate will be 
described under tho analysis of lemon juice. 

Citric acid in milk and wine. Citric acid is 
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present in milk and wine, and as it occurs 
in small quantities in most wines, adulteration 
with a small quantity of citric acid cannot be 
deteoted (Hubert, Ann. Chim. anal. 1908, 139). 
It may be detected in milk by taking 10 c.c. of 
milk, 2 c.c. of sodium metaphosphate, 3 c.c. of 
mercuric sulphate solution, and filtering. Half 
of the filtrate is mixed with O f) c.c. of 10 p.c. 
solution of manganese sulphate, and boiled. To 
this 4 drops of a 2 p c. solution of potassium 
permanganate is added, and the solution again 
boded. T Jus is repeated, and the liquid de- 
colourised by a drop of hydrogen peroxide A 
precipitate or an opalescence indicates the 
presence of citric acid. Tins method may be 
used quantitatively (l)emges, (’hem. Sue Abstr. 
1902, li. 305; v also Sehoibe, ibid 1891, 
1270). It may be detected m wine by the 
method of Spiea ((Jazz, elum ital 31, [2] 0J) 

A portion of the wine is evaporated to a syrup 
and extracted with alcohol. This is nearly 
neutralised with alcoholic potash, and the 
potassium bitartrate filtered oil The filtrate 
is then neutralised with more potash, and the 
precipitate is filtered off, dried, and heated m a 
small tube with sulphuric acid, until it goes 
brown. It is then diluted, made alkaline with 
cauRtie potash, and sodium nitroprusside added. 

A rod colour indicates the presence of citric 
acid. Kavrol (,J Hoc ('hem Ind 1908, 037) 
evaporates 100 e c. of wine to dryness, dissolves 
the residue m 7 e o. of boiling water, and adds 
35 c.c. of 90 p c. alcohol A solution of calcium 
aoetate (0-4 gram in 5 c.c of water) is added, 
and the precipitate filtered When dry it is 
transferred to a test-tube, 3 c.c of sulphuric 
acid added, and the whole heated to S0 o -90" for 
2 minutes. The solution is cooled and extracted 
with other White crystals are obtained, giving 
a violet-red colour with ferric chloride, the 
colour being discharged by mineral acids (For 
other methods and quantitative estimation, v. 
Williams, Analyst, 14, 25; Devarda, J. Soe. 
Ohem. Ind. 1904, 273; Klinger and Bujard, 
(’-hem. Soe. A bat 1893, u. 54 ; Schindler, Chem 
Zentr. 1902, n. J 0 1 (> ; and Robin, Ann. Chim. 
anal. 1904, 453.) 

Go wing -Scopes finds that, a mixture of equal 
weights of mercuric nitrate, manganese nitrate 
and nitric acid reacts with citric acid, yielding a 
precipitate after prolonged boiling ‘which is 
exactly six times the weight, of citric acid present. 
The method gives good results in presence of 
tartaric, succinic and other organic Vids, hut. 
with malic and lactic acids the results are high 
(Analyst, 1913, 12). 

Raw Material. 

Citric acid is prepared from the fruit juice of 
three species of (\tru « — the lemon, liergamot. 
and lime ; the first, of these is the principal 
souroe of citric acid. Concentrated leniorf juice 
is chiefly .imported from Sicily ; a very little 
comes from Naples or Sorrento. Concentrated 
bergamot juice is prepared m Calabria, and ex- 
ported from Messina. Concentrated hme juice 
is imported from Montserrat and Dominica. 
The lemon juice from Sicily is prepared by 
pressing the inferior fruit, from which the rind 
lias .previously been removed for the manu- 
facture of essenoe. The Bo-called ‘ single ’ juice 
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is then boiled down till its sp.gr. equals 60° on 
the citrometer (sp.gr. 1 *24) ; it then forms a 
dark -brown, rather syrupy liquid. 

Lemon juice has its greatest acidity early 
in the season (November). The juice of the fine 
fruit, exported as lemons, has a sp.gr. 1 ‘03- 
1*04; it, contains free acid equal to 11-13 oz. 
of citric acid per gallon. The inferior fruit 
pressed m Sicily yields a juico containing at the 
beginning of the season about 9 oz. of freo* 
acid per gallon, and at the end of the season a 
good deal Jess. 

There are other differences between the juice 
of fine lemons pressed m England, and the 
Sicilian juice employed for the manufacture of 
citric acid. The former contains very little 
combined organic acid, only about 2 5 p.c. of 
the total organic acid (free qdm combined) 
present,. In unconront, rated Sicilian juice the 
combined acid is about 7-9 p.c. of the total. 
Again, the Knglish pressed juice contains hardly 
any organic acid save citric, only about 1 p c. of 
the total organic acid being unprecipitable as 
calcium citrate In Sicilian juice about 8 p.c. 
of the total organic acid is unprecipitable as 
calcium salt, 

The concentrated lemon juice from Sicily 
is reckoned of standard quality when its sp.gr. 
is 1 24, and its acidity is equal to 94 oz. per 
gallon of nominal citric acid, in dealing with 
trade analyses it must, however, be borne in 
mind that the ‘ crystallised citric acid ’ of a 
trade certificate is not the crystallised acid of 
commerce, but an acid containing only half tho 
actual amount of water, an acid, in fact, having 
the atomic weight 201 instead of 210 : 

0 6 H 8 0 : ,H,0 

No reason can be given for this practice, which 
should certainly be abolished In the present 
article all quantities of citric acid will bo ex- 
pressed in terms of the common crystallised 
acid 

The concentrated lemon juice from Sicily 
contains pretty uniformly 7-8 oz. per gallon 
of combined organic acid, ‘equal to about 10 p.c. 
of the total organic acid (reckoned as citrioj pre- * 
sent. Of the total organic acid about 10 p.c. is 
not precipitable as calcium Ralt, and is therefore 
not citric acid ; this proportion is, however, by 
no means constant. Purchases of lemon juico 
are unfortunately still made on the basis of 
acidity, and not on the amount of precipitable 
acid present. Analyses of 895 pipes of con- 
centrated lemon juice by Grosjean have been 
published (Clicm. Soc. Trans. 43, 333). The 
average proportion of precipitable acid was 
99 '2 p.c. of the free acid, but the rango of varia- 
tion was considerable, individual parcels of juice 
giving 81 -1, 85*8, and 103*6 p.c. 

Concentrated Bcrgamotjuice has a similar 
sp.gr. to lemon juice, but a lower acidity ; it 
generally contains free acid equal to about 51 
oz. of citric acid per gallon. The quantity 
of combined organic acid is apparently similar 
to that in lemon juice, namely, 7-8 oz. per 
gallon ; but the proportion of combined to total 
is higher, 12-13 p.c. The proportion of unpre- 
cipitable acid is about 13 p.c. of the total. 
Gros jean’s analyses of 90 pipes of bergamot juice 
show a mean of 98*4 of preoipitable acid for 100 
of aoidity, the extremes Doing 95*4 and 101*4. 
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The unconoentrated Lime juice of Mont* 
aerra t has a mean sp.gr. of 1 *036 ; it contains, 
according to Conroy (Pharm. J. 1883, 606), an 
average of 7 ‘84 p.c., or 12*54 oz. per gallon of free 
acid. The extremes observed were 6*70-10*05 
p.c., equal to 10*7-16*1 oz. per gallon. The 
juioe yields 0*43 p.c. of ash. It contains only a 
trace of sugar. Warington found tho combined 
aoid in two samples 5 p.c. of tho total ; 10 p.c. 
-of the total acid was not precipitable. 

Concentrated lime juice is a viscid liquid, 
sp.gr. 1 *32, and with an acidity averaging about 
04 oz. of citric acid per gallon. The com- 
bined acid is about 8 0 oz per gallon. The 
unprofitable acid is about 10-14 p.c. of the 
total. The precipitable acid beam a lower pro- 
portion to the free than is the case with either 
lemon or bergamot juice, the published analyses 
showing a mean of 93*8 of precipitable acid for 
100 of free. 

Tho nature of the organic acidH, other than 
citric, present in lemon, bergamot, and lime 
juice has not been determined A little formic 
acid and acetic acid have been detected in con- 
centrated juice, but the principal acids other 
than citric are clearly non-volatile and have 
soluble calcium salts The acids most probably 
present arc malic and aeomtic 

Pennies lemon j uiee, some crude Calcium 
citrate, prepared in Sicily by precipitating 
lemon juice with chalk, is exported into England. 
It contains about 64 p c. of citric acid. 

Methods of analysing .Juice and Citrate. 

1. Acidity. — The commeieial analysis of 
juice is confined to the determination ol acidity. 
It is most important that the alkali (sodium 
hydroxide) used should be actually standardised 
with citric acid, and the same indicator employed 
in standardising as m subsequent analyses. 
Powdered crystals of citric acid are taken, water 
carefully determined m one portion, while 
another is used for standardising the alkali In 
determining water, the powdered acid should be 
heated for some hours at about 60° before ex- 
posing it to 100° ; if this is not done, the acid 
wdl melt, and lose the rest of its water with 
groat difficulty. Warington recommended deli- 
cate litmus paper for determining the neutral 
point. F. Watts has since employed films of 
turmeric tincture on a white tile (J. Soc. Chcm. 
Ind. 1886, 214). Thomson recommends red- 
brown turmeric paper. 

2. Combined organic acids. — The juice is 
neutralised with a known quantity of stan- 
dard alkali, ovaporatod to dryness in a platinum 
basin, the residue gently ignited, the black ash 
treated with a known quantity (excess) of stan- 
dard sulphuric acid, the whole boiled and filtered. 
The amount of unneutralised acid is then deter- 
mined with alkali. We have now the neutral- 
ising power of the ash in terms of alkali ; by 
subtracting the alkali added whon neutralising 
the juioe, we obtain the amount of alkali cor- 
responding to the bases of the organic salts, 
which became carbonates on ignition. From 
the amount of these bases their equivalent in 
combined citric aoid can be calculated. 

3. Precipitable citric acid— This is for the 
manufacturer the only trustworthy method of 
analysis, but is, in fact, seldom adopted. War- 
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ington prooeeds as follows : 15-20 c.o. of un- 
concentrated juioe, or about 3 c.c. of concen- 
trated juice, are exactly neutralised with sodium 
hydroxide, the solution (about 60 c.c.) is brought 
to boiling in a salt-bath, and a measured quan- 
tity of calcium chloride solution, known to be 
rather more than sufficient for all the organic 
acids present added. After boiling for half an 
hour, the precipitate is collected on a small filter, 
and washed with hot water. The filtrate and 
washings are then concentrated to 10 c.c. and 
the solution finally neutralised with a drop of am- 
moma. The second precipitate is collected on a 
very small filter, the filtrate being used forgetting 
the precipitate on to the paper, which is finally 
washed about five times with a little hot water. 
Tho precipitates m their papers are then burnt 
at a low heat in a platinum basm, and tho neu- 
tralising power of tiio ash determined with stan- 
dard hydi’oohloiie acid and alkali. The amount 
of citric acul which the base is equivalent to 
can then be calculated, three molecules of base 
being reckoned as equivalent to ono molecule of 
citric acid. 

4. Analysis of calcium a hate. — The excess 
of chalk present is first determmod by boiling 
about 4 grams with dilute standard hydrochloric 
acid m a covered beaker, and then odding stan- 
dard alkali till feebly alkaline Two grams of the 
citrate are then gently ignited m a covered pla- 
tinum crucible, anil the. neutralising power of tho 
ash determined by solution in standard hydro- 
chloric acid and titration with alkali. By de- 
ducting from the neutralising power of the ash 
that due to the chalk previously determined, wo 
find the amount of base which has to be calcu- 
lated as citrate. Tins method presupposes 
that, citrates are tho only organic salts present. 
If it is preferred, the citrate may be dissolved 
in hydrochloric acid, tho solution boded, neu- 
tralised with soda, the calcium citrate precipi- 
tated by boiling in tho salt-bath, and its quantity 
determined as m the case of juice. 

The information here given respecting juice, 

J calcium citrate, and the methods of their ana- 
lysis, will be found m greater detail in Ckem. 
Soc. Trans 28, 1125 ; 43, 33 J ; v. also Ulpiuni and 
Parrozzam (Oliem. Hoe Abstr. 1907, ii. 57) ; 
Shiea (Analyst, 1910, 35, 519) ; Barboni ( ibtd . 
1913, 65). 

Process of Manufacture. 

The manufacture of citric acid from ooneen- 
trated lemon j uice is extremely simple, A proper 
quantity of whiting (levigated chalk) is mixed 
with water, and heated by steam in a wooden vat 
provided with a revolving agitator ; the concen- 
trated juice is then slowly pumped in, care being, 
of course, taken that the whiting is finallym 
small excess. The liquor never becomes neutral, 
however long boiling may be continued, or how- 
ever great is the oxcess of whiting present ; the 
adjustment of juice and whiting is^ therefore 
effected by ascertaining if the liquor effervesces 
with more whiting, or the precipitate effervesces 
with moro juice. The amount of unneutr&lised 
acid is about 1-2J p.c. of the original acidity of 
the juice. Pure citrio acid is readily neutralised 
by whiting, malic and aconitic acids are not; the 
finpl acidity is thus possibly due to the presence 
of these acids. Citric acid, however, is not 
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neutralised by chalk if phosphates, and espe- 
cially ferric phosphates, bo present ; this fact 
will also oxplain t ho result. It is not advisable 
to neutralise completely by the use of lime, as 
vegetable impurities are then thrown down which 
are afterwards dillieu.lt to separate. 

The precipitated calcium citrate is washed 
with hot wafer on a Jilfer It. is next brought ; 
by the addition of water to the state of thin j 
cream, and decomposed, with constant agitation, j 
by the addition of a small excess of sulphuric j 
acid (sp gr. 1*7). 'Phi* eminence of an excess 
of sulphuric acid is known by the liquoi afford- 
ing a precipitate with a stiong solution of calcium 
chloride after some minutes’ standing 

The citric acid liquor is then separated from 
the gypsum, which is washed on a filter The 1 
liquor is evaporated in shallow leaden baths by j 
steam heat Much gypsum is at lust deposited . i 
from this the clear liquor is urn oil and furl.hci ! 
concentrated. When stiong enough to crystal- i 
lino, the hot liquor is run info a wooden tub 1 
provided with an agitato), and the liquor is kept 1 
in constant motion while cooling , bv tins pio- 1 
cess, known as ‘ granulation,’ the eit.ru acid is 
obtained 'as a crystalline powder. The mother I 
liquor is again concentrated, and ‘salt’ again! 
obtained by granulation The process may be 
repeated a third time The hquoi is then too 
dark and impuie foi further crystallisation, and 
is known as 1 old liquor ’ The granulated citrn 
acid when drained, and, il nccessai\, slightly 
washed, is redissolved, decolourised by heating 
with animal charcoal (previously freed from 
phosphates by hydrochloric acid), again concen- 
trated to the crystallising point, and poured info 
leaden trays about. If inches dee]) ; the crystals 
here formed are the citric acid of commerce 
Citric* acid thus prepared always contains a trace 
of lead, and often particles of metallic lead. 1 
probably due to the plumbers repanmg the 
vessels. To free the acid from lead, the* proeoss , 
usually adopted is to pass sulpliuietted hydrogen 
through the solution after the hist crystallisa- 
tion, filter, and then reuy stall lse the citric acid 
in lead-free vessels. 

The ‘ old liquor ’ is diluted with water, and 
the citric, acid it contains precipitated with an 
excess of whiting, exactly as in the ease of the 
original juice. The liquor is never neutralised 
by the whiting ; this may be either due to 
aeomtic acid formed during the heating of the 
citric acid liquors, or to the presence of ferric 
or ajunnnio phosphate derived from tig* whiting. 

Any considerable excess of sulphuric acid m 
the liquors, or any overheating, must be avoided, 
as occasioning decomposition of citric acid 
The presence of mm oi aluminium in the wluting 
also occasions loss, as citne acid holding iron or 
aluminium in solution is not pieopitated by 
calcium carbonate. In consequence of the non- 
precipitation of iron or aluminium from citric 
solutions by whiting, the citne, liquors qf the 
factory remain nearly pure, however long the 
work may have boon continued, a result, very 
different from what happens m the case of tar- 
taric acid ; the purity of citne-acid liquors is 
however obtained at the expense of some loss 
of citric acid. In a well-conducted factory the 
total loss during manufacture will amount to 
12-15 p.c. of the citric acid in the juice. 

A. method has been patented (Fanchcux and 


Boissiere, Eng. Pat. 11901 ; Fr. Pat. 338735; 
J. Soc. Che in. Ind. 1904, 680) by which the 
crude calcium citrate is purified by passing hot 
gases over it, so as to roast it superficially. 

< Jitnc acid is also produced by the fermenta- 
tion of carbohydrates, glycerol, and analogous 
substances under the influence of certain fungi, 
named nhomi/crla s (Wohmer, Eng. Pat. 5620; 
J). R. P. 72957, J Soc. (’hem. Ind. 1894, 275). 
To picpare the organisms, a sugar solution con- 
taining 2 5 p.c of citric acid is allowed to stand 
foi a few days. The giowth formed on this 
solution is mtioduced mto stenliscd sugar, 
whom it develops The pure culture prepared 
in tins way is then introduced into large vessels 
containing sugar solution, m which are dissolved 
small quantities ol ammonium nitrate, dipotas- 
sium phosphate, and magnesium sulphate ; the 
liquid is then allowed to Kinain at the oidinary 
temperature ioi 8- 14 days At the expiration 
of that, time, the liquid contains a cert aiu amount 
of nine acid, so that it can be directly employed 
foi lemon |uioe The acid can be isolated, prefer- 
ably as calcium citrate by adding calcium carbon- 
ate to the liquid Othei moulds, such as Mucur 
pa ifoiuut,, whu h grows on putrefying fruit, 
specially on pears and apples, may lie employed 
(]>. R P. 91891 , v. also Maze and Perrier, 
Htouipt rend. 139, 311). 

KsUimiwu of h ail in nh ic un<l. Forty glams 
J of the sample are dissolved in water, pure 
strong ammonia added in slight excess, the 
liquid cooled and diluted to 120 ee For a 
preliminary expeiiment, 10 cc are taken, 
diluted to 50 c c in a Messier tube, and one drop 
ol ammonium sulphide added , the coloui 
determines what volume should be taken ; it 
varies from 5 to 50 cc. Having repeated this 
with the volume of liquid thus indicated, the 
tint lias to bo matched with that, fiom the pure 
solution A volume of pure ammonium citrate 
solution identical with that taken of the acid 
under examination is mixed with a measured 
quantity oi slightly acid lead nitiate solution, 
containing 0 1 gram metallic lead per litre 
A drop of ammonium sulphide is addl'd, and 
various solutions are made up until the colour 
obtained matches that, from the acid under 
examination If iron or copper is present in 
any quantity, a drop of solution of potassium 
cyanide is added before the ammonium sulphide 
which prevents them mtcifcrmg with the 
reaction. The standard of purity suggested is 
I that lead is not to be present, to a greater extent 
than 5 parts per million (Wanngton, J. Soc. 
(’hem ind. 1893, 97 ; v. also Tatlock and 
Thomson, Analyst., 1908, 173). 

Another method is that of Buohet (J. Soc. 
(them Ind. 1892, 848) To estimate the 
metallic lead, 200 grams of acid are dissolved in 
j three times its weight, of water, and a slight 
i oxcess of ammonia added. After 24 hours the 
liquid is decanted, and the residue collected on 
a filter, carefully washed and dissolved in liitrio 
acid. The lead is then precipitated as sulphate, 

, and estirnatoil as such. To determine the 
combined lead, the ammoniacal solution is first 
; acidified with hydrochloric acid, the lead 
! precipitated as sulphide, converted into sulphate, 
and weighed as Buch. 

Adulteration . — Citric acid is at times adul- 
terated with tartario acid. To detect adulteration, 
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Cailletet (Chem. Soo. Trans. 36, 674) adds 
1 gram of the powdered acid to 10 c.c. of a cold 
saturated solution of potassium dichromato. Jf 
tho solution remains unchanged in colour for 

10 minutes, tartaric acid is absent. Jf tartaric 
■is present, the solution becomes brown. Pusch 

(J. 8oc. Chem. lnd. 1 88. r », ,552) places 1 gram of 
the acid in a test-tube with JO grams of pure 

011 of vitriol. The test-tube is placed in a 
water-bath, and kept at 100° for 1 hour. Jf 
citric acid only is present, the colour is lemon- 
yellow. Tf tartaric acid is piesent, the colour 
becomes brown. Both these tests aie very 
delicate, and readily show 1 oi 1 p.c. of adultera- 
tion. Pinerua (Compl. lend 124, 291) puts 
0'05 gram of the substance in a porcelain basm, 
and adds 10-15 drops of a reagent made by 
dissolving 0 02 grain of /J-naphthol in 1 e c of 
concentrated sulphunc acid Jf citric aeul 
alone is present, a blue coloui is loimed, un- 
changed on heating, which on dilution gives a 
nearly coloui less or a slightly yellow lupnd If 
tartaric acid is present, the colour on heating 
changes to green, and on dilution to a reddish - 
yellow. Denigi's adds a small quantity of the 
acid to a solution ol resorcinol in dilute sulphuric 
acid, and heats to 1 15 -140°. If tartaric acid 
is present, u violet-red colour is foimed. Jf 
sugar is present, oi other bodies blackened by 
sulphuric acid, the aeul is precipitated as its lead 
salt, and then tested (,J IMiarm Chun 1896, 
i 580) Crismer (Chem Sue. Ahstr 1892, 54(>) 
adds 1 gram of the acid to 1 e c. of ammonium 
molybdate solution (1(1 p c ) and 2 to 3 diops 
of hydrogen peroxide solution (J to jl p.c.), 
and heats at 100° for 3 minutes. If citric acid 
alone is present, the yellow colour given by the 
molybdate is unaltered; whilst if tartanc acid 
is present, a beautiful blue colour results. This 
test detects 1 mgm. of tartaric acid m 1 giam 
of citric acid, fcjpindler has modified Deluges' 
mercuric sulphate method (</ v ), and uses 
potassium diem ornate instead oi permanganate 
If citric acid alone is piesent, a yellow pieupi- 
tate is obtained ; the presence of tartaric acid 
is indicated by a change of colour to gieen, 
due to reduction. Tartanc acid may also bo 
detected by adding a little solution of potassium 
acetate to a strong solution of the citric acid, 
and stirring. 

The quantity of tartanc acid m an adul- 
terated sample may be determined by adding 10 
p.c. of potassium chloride to a strong solution 
of tho acid, and precipitating the tartanc acid 
with citrate or acetate of potassium, with tho 
precautions described under estimation of tar- 
taric acid. 

CITRIC ACID FERMENTATION Fermen- 
tation. 

CITROCOLL. Trade name for neutral 
aminophenacetin citrato. 

CITRON, OIL OF, v Oils, Essential. 

CITRONELLA OlLv. On ;S, Essential. 

CITRONINES v. Azo- colouring matters. 

CIVET. An odoriferous substance resem- 
bling musk or ambergris, obtained from the 
pouches situated between the anus and genital 
organs of Viverra civetta of N. Africa, V. Zibeiha 
of Asia, and V. Malaccensis of Java. Is of the 
consistence of honey, and of a yellowish or brown 
colour. Contains stearin, olein, mucus, resin, 
volatile oil, and yellow colouring matter (J. 
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Pharm, 1824, 537). (For analyses of civet, see 
Oharabol and Hubert, Bull. Soo. ehim. 1910, 
7, 687.) Civet melts at about 36°, and contains 
from 60 to 70 p.c. of fatty acids, and should have 
a saponification value of about 180°, and should 
have not more than 1 p.c. of ash. 

It lias been inferred that the musk aroma of 
civet is due to a ketone, muskonc, present in 
musk, but according to &ack (Chem. Zeit. 1915, 
39, 538), it is caused by a specific ketone, 
Ztbeiunc C'j 7 11 ao O, of a pleasant musk-hke odour, 
whieli may be obtained pure by decomposition 
of the crystallised senucarbazone. Its oxime 
crystallises in white needles, m.p. 92°. See 
Musk. 

C1VET0NE or ZIBET0NE v Musk. 

CLAUSTHALITE r. Selenium. 

CLAVICEPSIN v Ergot 

CLAVIN v. Ergot 

CLAY. (Axjdc, Er ; 'I' lion, (lor. ) The 
term ‘ clay 5 is ordinarily used to denote certain 
earths, the chief charact-ei istie of which is that 
of plasticity when wet, and which have tho 
property ot baking to a hard, stone-like mass 
when heated to lull ledness. Clay is a hetero- 
geneous mixture of ceitain hydrated aluminium 
silicates, with particles of quaitz, felspar, mica, 
&c , resulting from the decomposition of various 
HihciouH mmeials, the eluef source being the 
lelspais of granite rocks. These hydrated 
aluminium silicates form the essential basis of 
all clays, and are known as clay substance or 
day base. They an' all decomposed by hot 
concentrated sulphuric acid (infra), whilst 
the other ingredients mentioned above are 
allectcd only slightly or not at all. The method 
of so-called ‘ rational analysis ’ is bast'd on this 
action, and it has been found that when so 
treated, the gieat majority of clays give a clay 
substance' approximately of the composition 
represented by the formula AK() 3 , 2Si() 2 ,2H a C) I 
This coi responds with tin* composition of tho 
rare crystalline nimeial LaolunU, and, conse- 
quently, it has often been assumed that all 
clays contain kaolimte as their clay base. 
It has, howovet, been shown that the clay 
substance, in some cases, does not correspond 
in composition with tho above formula, and it 
is now generally aeeejded that other hydrated 
aluminium silicates may be present in clays, 
forming part, and m some eases the whole, of 
the clay base. Various investigators have 
attempted to define these substances, and to 
show thiit they correspond m composition 
with certain silicates, such as allophane 
(A1 2 0 3 *Si 0 2 ,6H 2 0), pyrophylhte (A^O^SiO*, 
IDO), halloysite (AloO<,‘2Si0 2 ,2II 2 0-t Aq), plio- 
lorite (2A1 s (‘V38i0 2 ,4H 2 0), &c 

It has been suggested by J. W. Mellor (Trans. 
Eng. Ceramic Soc. pt. 1, 8) that the term 
kaolmitc should be restricted to the compara- 
tively rare crystalline mineral, and that the 
amorphous clay substance of similar compo- 
sition (AI 2 0 3 ’2 SiQ 2 ,2H 2 0) should be called 
‘ clayite.’ 

The same investigator points out that this 
latter substanco occurs in clays m non-crystal- 
line or amorphous granules, which, however, 
sometimes show faint polarisation phenomena. 
Practically all clays contain more or less free 
silica, undecomposed or partially decomposed 
felspar, and mica, and they vary m composition 
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through a $ide range, differences in composition 
being Drought about partly as a result (^different 
origins, and partly by differences of deposition, 
&c. The commoner varieties of clay generally 
contain a considerable percentage of oxide or 
carbonate of iron, and small percentages of 
calcium, magnesium, and titanium salts. 

According to Washington (J. Ainer. Ceram. 
Soc. 1918, 1, 405) clayB are composed of four 
minerals corresponding to generalised formulae, 
viz. kaolmite (Al 2 0 3 ,2Ni0 2 ,2ii 2 ()), orthodase 
(K/XAljjOjjOSiOa), albito (Na 2 0,AL 2 O a ,t>Si0.j), 
anorlfute (Cu(),Al it O s ,2SiO jt ), Imwnile (Fe 2 0 8 , 
Ii 2 0) with, in some cases, muscovite (K 2 0,2H 2 0, 
3A1 2 () 3 ,GSi 0 2 ). The proportions of the several 
minerals may bo calculated from the ultimate 
chemical analysis. The lime, Hodu, and potash 
are first calculated to the felspars, and the 
alumina and Hihca required for these are deducted 
from the total. The iron oxide is calculated us 
Umonite. Any surplus alumina is calculated 
as kaolmite, and any surplus silica is regarded 
as quartz (see below). 

Clays may be divided broadly into two 
classes : residual clays and sedimentaiy days 
Residual clays are the msoluble residue left 
from the breaking down and decomposition of 
rock masses containing certain aluminium 
silicates (chiefly felspatlne minerals), and they 
are found overlying or adjacent to the rock mass 
from which they are formed. These residual 
clays usually present a gradual change m mineral 
character from the liner or purer portion nearer 
the surface to the mixture ot clay and undecom- 
posed rock which lies in contact with the rock 
mass. The decomposition of the mineral sili- 
cates may be brought about by carbonic 
acid m tko surface waters ; but many of them 
are actod on by water alone, and although this 
action proceeds very slowly, it may account for 
tho gradual decomposition of the felspatlne 
rooks and the formation of clay. The alkalis 
of tho felspars combine with the free silica 
formed m the decomposition, and with the 
carbon dioxide contained in tho percolating 
water, forming soluble salts which are moro or 
less completely washed away. In some cases 
the decomposition of the mineral silicates may 
have been Drought about by the action of gases, 
and- it has been shown by J. H. Collins (Mm. 
Mag. 1887, 7) that when felspar is exposed 
to the action of hydrofluoric acid, hydrated 
aluminium silicate is formed, mixed with 
soluble potassium fluoride, whilst silica is 
deposited on the sides of the tube m which the 
reaction takes place. Residual clays, as a rule, 
contam a smaller percentage of oxide of iron 
and organic matter than sotumentary clays, and 
are consequently lighter in colour both before 
and after baking. 

Sedimehtary clays are formed by the trans- 
portation and redeposition m water of residual 
clays, and clays so formed may be again trans- 
ported and redepositod m the same way, so 
that they may have no direct relationship to 
the rock formation on which they he. Sedi- 
mentary clays belong to all geological ages, from 
the present to the Cambrian, and are of varying 
degrees of hardness, from the soft drift which 
may be dug with a spade to the hard clay shales 
of the older formations, which require to be 
blasted. These clays are always roughly 


stratified in structure, and show considerable 
variations in general character and composition 
throughout their mass, owing to the varying 
conditions under which they were deposited. 
The harder varieties of clay are readily converted 
into tho plastic form by grinding with water, or* 
by weather my, and they are now largely used for 
the making of brieks, &c. , where formerly only 
the softer surface clays were used. When 
breathed upon or moistened, clays usually 
omit a peculiar odour known as argillaceous. 
This characteristic is more marked in the sedi- 
mentary than in the residual clays, and may 
possibly be connected with the contained organic 
matter. 

Plasticity -is an essential property of all 
clays m the moist condition, but this quality 
vanes greatly in different clays. The presence 
of organic matter, finer grinding of the particles 
of the clay, ‘ agoing ’ in the moist condition and 
‘ weathering,’ all tend to increase the plasticity, 
but no entirely satisfactory explanation of the 
cause of plasticity has yet been put forward. 
Clay loses practically the whole of its hygro- 
scopic water when dried at 100°, and it con- 
tracts and loses its plasticity at the same time, 
becoming hard and brittle. On being soaked or 
ground m watci, however, it becomes soft and 
plastic again. Tho chemically combined water 
is not driven off until tho clay is heated to' 
redness, the temperature of tho dehydration, m 
the ease of ordinary clay, being probably between 
480° and (>00°. Clay that has been heated to 
this temperature will not again become plastic 
on being ground with water, so that it is evident 
that the plasticity of a clay is dependent upon 
some physical or chemical condition, which is 
destroyed on heating to about 500°. When 
clays are heated to a higher temperature 
(generally about 900°), they contract more or 
less and become hard, compact, and stone-like, 
and at higher temperatures still they become 
vitreous and ultimately fuse. Tho purest 
varieties of china clay (which approximate to 
the composition of kaolmite) fuse at a tempera- 
ture of about 1830°, and other clays fuse at 
lower temperatures, according to the nature and 
percentage of the various impurities contained. 
The chemical impurities which chiefly affect the 
fusibility of a clay are the salts of magnesium, 
calcium, iron, sodium, and potassium. Richter 
first pointed out that chemically equivalent 
amounts of the oxides of these substances exert 
equal influences on the fusibility of a clay. The 
presence of free silica (quartz Band) tends to 
raise the fusion point of clays containing a con- 
siderable percentage of these bases, but it has 
an opposite effect on the purer china clays. In 
the manufacture of pottery ware of all kinds, 
the firing temperature depends upon the chemioal 
composition of the clay (which determines the 
fusibility) and upon the result required. For 
example, in the manufacture of porcelain, where 
the resultant ware must be non-absorbent or 
vitreous, the firing temperature ranges from 
about 1250° to 1550°, according to the chemical 
composition of the olay mixture or body used, 
whereas in the manufacture of ordinary white 
earthenware, where a porous or ‘non -vitreous 
ware is desirable, the firing temperature ranges 
from about 1150° to 1250°. 

The colour of fired olay, i.e, clay that has 
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been heated to a temperature of over 900°, supposed to form the base of all clay!, but this 
depends upon the impurities present, and upon view is no, longer held, and the term should be 
the character of the firing gases. The purer restricted to the crystalline mineral described 
kinds of residual days fire to a whitish mass, above. 

but all other clays become more or less strongly Kao-lin, China day. The Chinoso term 
coloured, the tint being determined generally 1 kao-lin ’ (literally meaning ‘ high ridge ’) was 
by the percentage of iron oxide present. Iron applied to the white earth from which porcelain 
may be present in clays in various combinations, was made, and it corresponds to the English 
such as ferric oxide (Fe 2 0 3 ), hydrated ferric china clay, so called bocause it is used for the 
oxide (2Fo 2 0 3 ,H 2 0), ferrous carbonate (FeC0 3 ), making of ‘ china,’ or porcelain. These terms 
and more rarely magnetic oxide (Fe 3 0 4 ), but in are now applied to all the purer remdual clays 
firing in the ordinary way all these salts are which contain a high percentage of hydrated 
converted into ferric oxide. Some clays contain aluminium silicate (Al 2 0 3 *28i() 2 ,2H.,0), and 
a considerable amount of iron pyrites dissemi- which consequently give on analysis .3*3-40 p.c. 
nated through the mass in small grains, and these alumina (Al 2 () 3 ), 45-(>0 p.c. silica (SiO,), 11—14 
clays are often troublesome in use, as the sulphide p.c. water, with very small percentages of 
is not so readily converted into oxide in the iron oxide, soda, potash, lime, magnesia, &c. 
ordinary firing process. Moreover, tho sulphide Clays of tins class are worked in Cornwall and 
on woathering with the clay gives rise to soluble Devon, at St. Yrieix near Limoges, Zettlitz in 
sulphates which are detrimental. In the yollow Bohemia, in the United Statos, in South Africa, 
and brown surface (days and red- firing shales, &c. As mined, the clay generally contains a 
the iron is present in the form of ferrous carbon- largo percentage of quartz-sand and mica, and 
ato, which, together with the organic matter it is refined by washing. Jn Cornwall the china 
present, produces the natural grey colour of clay is usually the result of the weathering of 
these shales. In ordinary clays, and with an pegmatite, and tho felspar of tho parent rock 
oxidising atmosphere, J-2 p.c. of iron oxide is often decomposed to a depth of (50 to 100 feet, 
produces a buff colour, 2-4 p.c. a salmon colour, In this condition it is known as china day rock, 
and above 4 p c. a red colour, which becomes and the workman breaks down the crumbling 
darker as the percentage of iron increases. ’Tho surface with a pick and then directs a stream 
proseneo of other impurities, however, modifies of water over this to wash down the material, 
the colour produced by iron oxide considerably, which is paused into tanks where the suspended 
and this is especially the case when a large matter settles out, tho quartz, clay, and mica 
percentage of lime or magnesia is present. being deposited according to tho sizes of tho 

Some clays (commonly called marls) contain particles, and so separated from each other, 
from 15 to 30 p.o. of lime, and although thoy Tho china clay is allowed to dry to a stiff paste 
may also contain as much as 0-8 p.c. of iron in the tanks, and is then removed to tho drying 
oxide, they fire to a light-yellow or Duff colour, kilns, where it dries until it can be cut into 
Such clays aro largely usod for making tho well- blocks ready for shipment. It is a soft, friable, 
known yellow facing bricks, which were at soctile, white substance, showing irregularly 
first made chiefly from the marls of the Thames shaped granules under tho microscope, and 
basin, the Paris basin, &e., and aro now made possessing only a moderate plasticity when 
from artificially prepared mixtures of clay or mixed with water. Cf. Coon, Trans. Eng. 
chalk and limestono. The presence of certain Ceramic Soc. 1910-1911, 10, 81. China clay 
soluble salts (chiefly sulphates of calcium or is used in the manufacture of porcelain and 
magnesium) in clays often produces serious white earthenware, in paper making, and the 
discolouration on firing, owing to tho deposition filling of calico, and also m the manufacture of 
of these salts on the surfaco during the drying alum, aluminium sulphate, and ultramarine, 
and firing of the ware. To prevent this action, Tho fine mica separated from the china clay in 
it is usual to mix with tho clay barium carbonate, tho washing is used for weighting coarse papers, 
to combine with tho whole of the sulphuric acid paper boards, Ac. 

present, and so convert the soluble salts into Ball day. Potter's day. Tho name given 
insoluble ones. When clays are fired in a to certain sedimentary clayB which fire to 
reducing atmosphere, the red ferric oxide is whitish or light-buff colour, and which possess 
converted into blue ferrous oxide, and the re- high plasticity and tensilo strength when in a 
sultant ware is consequently bluish in colour, moist condition. They aro worked in Devon- 
Blue bricks are made from certain clays, con- shire and Dorset, and in some parts of the 
fcaining generally from 6 to 10 p.c. of iron oxide United States, &c., and are chiefly used in 
by firing in this way. the manufacture of white earthenware. They 

The presence of clay in soils exerts an are generally finer in grain than china clay, 
important action on the growth of plants, contain more organic matter and other im- 
Ammonia is retained by clay in such a manner purities, and are consequently more plastic 
that it cannot be removed except by an excessive in a moist state, and fire to a vitreous mass 
amount of washing ; in fact, clay will remove at a* lower temperature. They usually also 
ammonia and many organic substances from contain a higher percentage of silica than china 
manure, and still retain them in a form readily clays. 

available for plants. Pipe day. A rather loose term, which is 

Kaolinite Al s (V2Si0 s ,2H»0. A compara- applied to white clays which contain a relatively 
tively rare crystalline mineral which occurs in high percentage of silica, and which have been 
Anglesey, in Colorado, and a few other localities used without admixture for several hundred 
in the form of minute hexagonal plates, having years for the making of tobacco pipes and also 
a perfect basal cleavage, and belonging to the for common pottery. These clays are of various 
monoclinic system. Kaolinite was formerly I geological origins, and in some localities the 
Vol. II. — T. 
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highly silicious clay found in pockets in lime- 
stone formations, and resulting from the decom- 
position of argillaoeous limestones and chert rock, 
is used in this way. Ball clay is also used for 
thesamo purposes, and is sometimes consequently 
spoken of as pipe clay. 

Plastic day. This term has been specially 
applied to those bods of the Lower Tertiary or 
Eocene Htrata, which occur between the London 
clay and the chalk, and which may be recognised 
at Woolwich, Reading, Blaekheath, Bognor, and 
in the neighbourhood of Pans, &e. This clay 
is mottled red or purple, and fires to a red 
colour. Some of our earliest pottery was 
manufactured from thiH clay, and it is still 
worked in Hampshire, m the Isle of Wight, 
and elsewhere. 

Slate day occurs in Devon, Cornwall. &o., 
differing considerably in different districts. It 
is massive, interspersed with mica, and of a 
greenish or greyish colour. Jt is sometimes hard 
and slatey, being readily cloavable into slabs, 
whilst in another form, the killas of the Cornish 
mines, it has an earthy fracture, is soft and 
frangible, and weathers to a more or less plastic 
clay. It is chiefly used for the manufacture 
of common bricks and tiles, and, when fairly 
free from lime, magnesia, and iron, for lire- 
bricks. 

Common clay is the term often applied to 
the ordinary surface and drift clays which have 
been used for centuries for making common 
pottery and bricks. 

Finrlays. As the name implies, these clays 
are of a very refractory nature, and although, 
strictly speaking, practically all the pure 
residual clays come under this head, the term 
‘ fireclay ’ has been restricted in use to certain 
coal-measure shales which have a high fusion 
point, and which are used mainly for the 
manufacture of firebricks, gas rotorts. glass pots, 
furnace linings, &c. 

These fireclays usually underlie the coal 
seams, and are often worked in conjunction with 
the coal. Pertain districts are particularly 
noted for the quality of their fireclays, and in 
England the Stourbridge coal-measure shales 
have long been considered of the highest quality, 
fcnd fireelay-mmos are extensively worked in 
the Stourbridge district. Good fireclays are 
also found and worked in the Lancashire and 
Yorkshire, Derbyshire, and Glasgow coal-fields. 
The fireclay shales are mostly greenish-grey m 
ool'our, compact, dense, and of varying degrees 
of hardness. On exposure to the weather they 
usually crumble down, and m time become con- 
verted into plastic clay. The weathering process 
may be greatly accelerated by grinding the shale, 
but this is only done when the clay is to be used 
for the more expensive fireclay goods. Onlv 
those coal-measure shales which contain small 
percentages of oxide of iron, lime, and magnesia, 
are sufficiently refractory to be used as fiiw.lays, 
and although no definite fusion-point has been 
fixed, it seems advisable that no clay having a 
fusion-point lower than 1500° should be classed 
as a fireclay. In the manufacture of fireclay 
goods, the partially weathered or ground fire- 
clay is usually mixed with a certain proportion 
of ‘ganister,’ coarse sand, burnt clay, or other 
refractory material which produces in the fired 
ware a certain open texture, which enables it 


better to withstand rapid changes of tempera- 
ture. Cortain silicious firoclays and other coal- 
moasure clays are used in the manufacture of 
salt-glazed drain pipes, and also for making 
common culinary ware, buff-coloured tiles, 
terracotta, glazed bricks, &c. 

Chemical analysis of clay. From 1-2 grams 
of finely powdered clay, dried at 120 , are 
weighed into a platinum crucible, and mixed 
with about six times its weight of a fusion 
mixture consisting of potassium and sodium 
carbonates in eqmmolecular proportions. The 
mixing is best performed by first stirring together 
the clay with about the same bulk of fusion 
mixture by means of a dry glass rod, and tlien 
adding more and more fusion mixture with 
repeated stirring, until the whole is thoroughly 
mixed. The glass rod should then lie rubbed 
gi a little fusion mixture, which is added to the 
mass in the crucible The covered crucible is 
gradually heated over a Bunsen burner (a Toclu 
burner may be advantageously used) until the 
whole mass is m a state of train] ml fusion. The 
crucible is allowed to cool, and afterwards the 
bottom is raised just to dull redness, twice 
successively, in order to facilitate the removal 
of the mass from the crucible. After cooling, a 
few drops of distilled water are added, and the 
crucible very gently warmed until the mass 
detaches itself. The contents of tho crucible 
are then washed into a large platinum dish (a 
porcelain dish may lie used without soriously 
impairing the accuracy of the estimation), 
coven d with water, and then warmed until tho 
fused masR is completely softened. Hydro- 
chloric acid is then added, a few drops at a time, 
until all effervescence ceases. The contents of 
the dish are evaporated on a water- bath, with 
constant stirring at the later stages, to ensure a 
fine powdery residue fiom which the last traces 
of hydrochloric acid are readily driven off. 
When cold, the contents of the dish are moistened 
with moderately strong hydrochloric acid, and 
allowed to stand for one hour ; water is then 
added, and the dish again heated on the water- 
bath The clear liquid is poured through a 
filter, and the residue in the basin, which consists 
of silicic acid, is washed repeatedly by hot 
water until it remains white when moistened 
with hydrochloric acid. The residue is then 
transferred to the filter, and washed with hot 
water until the filtrate no longer gives a precipi- 
tate with silver nitrate solution. The filter and 
contents are then placed in a platinum crucible 
and dried, and afterwards gradually heated, and 
finally ignited strongly until the paper is com- 
pletely incinerated, and the weight constant. 
In order to ensure the complete separation of 
the silicic acid, it is necessary to evaporate the 
filtrate down to dryness, and treat exactly as 
before, and this process may be repeated again 
if very great, accuracy is required. After filter- 
ing, the filter paper and rosidue are dried and 
added to the original silicic acid residue before 
ignition. The contents of the cruoible are then 
weighed os silicon dioxide (Si0 2 ). If the clav 
contains titanic acid (as many clays do), this ■mil 
accompany the silica. In order to determine 
the former, the contents of the crucible are 
covered with strong hydrofluoric acid, a few 
drops of sulphuric aoid added, and the oruoible 
warmed on tho water-bath until all the silicon 
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fluoride and the sulphuric acid have been driven 
off. The residue is then weighod as titanic oxide 
(TiO a ), which should be identified by the violet- 
coloured bead with microcosmio salt. 

The filtrate is made up to definite volume, 
and dividod into two parts, one for the determina- 
tion of the iron, and the other for the determina- 
tion of the alumina, calcium, and magnesium. 
Tho iron is estimated as ferric oxide, and 
determined either by reduction with zinc and 
titration with potassium permanganate solution, 
or by tho iodimetric method. 

The other portion of the filtrate is heated on 
the water- bath, and ammonia added drop by 
drop, with repeated stirrings, until there is a 
.slight excoss of ammonia present The liquid is 
then boiled for a moment and filtered, Tho 
precipitate is washed twice with hot water ; 
washed back into a dish, and dissolved in hydio- 
ehlorio acid ; reprecipitated and filtered as 
before, and finally washed with hot water until 
tho filtrate gives no precipitate with silver 
nitrate solution. The washing should be 
repeated immediately the previous washing has 
disappeared from the filter, and a jet of hot 
water should be directed into tho precipitate so 
as to break it up as much as possible. The filter 
paper and contents are then dried, the residue 
removed into a platinum crucible, the paper 
separately incinerated, and then placed in the 
crucible, and the wholo strongly ignited until the 
weight is constant Tho contents are then 
weighed as alumina (AI 2 O t< ) and feme oxide 
(Fo 2 0 3 ), the amount of ferric oxide separately 
determined os above being deducted from the 
total, leaving alumina only (e. art. Aluminium). 
The filtrate from the alumina and ferric oxide 
is concentrated, and ammonium oxalate solution 
added while hot The precipitate is filtered 
off, thoroughly washed with hot water, dried, 
strongly heated, and weighed as ('aO. Tho 
filtrate from the above is then concentrated, 
and the magnesium precipitated by sodium 
phosphate and ammonia. Tho precipitate is 
filtered off, dried, and ignited until tho weight 
is constant. Tho ignited residue consists of 
Mg, i! t > 2 0 7 , and the weight must bo multiplied by 
O’Sf&i to givo the amount of magnesia (MgO) 
contained. 

Determination of the alkalis. The method 
introduced by Lawrenco Smith (Amor. J. Sci. 
[2] 50, 209) is the most trustworthy, and is 
based on the decomposition of silicates by fusion 
with calcium carbonate. In practice, the dried 
and finely powdered clay is mixed with its own 
weight of ammonium chloride, and four times 
its weight of calcium carbonate. These latter 
materials must be as freo as possible from 
alkali. Tho ammonium chloride used is pre- 
pared by subliming tho commercial salt ; and 
the calcium carbonate is prepared by dissolving 
the purest caleite obtainable in hydrochloric 
acid, and precipitating with ammonia and 
ammonium carbonate. The precipitation is 
carried out in a large porcelain dish, and, after 
settling, the dear liquid is poured off, and tho 
precipitate washed by decantation until free 
from chlorides. A special platinum crucible is 
used for the fusion, about 8 cm. long, and 2 
om. diameter at the top, tapering to 1£ cm. 
at the bottom. About 0’5 gram clay is weighed 
out, and mixed by rubbing in an agate mortar 


with the same weight of ammonium chloride, 
and afterwards 3 grams of calcium carbonate 
are added, and the whole thoroughly mixed. 
The mixture is then transferred to the crucible, 
and tho mortar is cleaned out with about 1 gram 
of calcium carbonate, which is added to tho mix- 
ture in the crucible. Tho covered crucible is 
supported in an inclined position, and very 
gradually heated over a small Bunsen flame for 
about 15 minutes, until no more ammonia is 
given off, and (hen the temperaturo is raised 
until the lower three-fourths of tho crucible is 
a dull-red, and this temperature is maintained 
for 1 hour. The crucible is cooled and tho 
contents removed (by tapping the inverted 
cruei hie) into a porcelain or platinum dish If 
the sintered mass sticks to tho crucible, a little 
water should be added, and the crucible gently 
warmed until the mass detaches itself, and the 
whole can bo washed info the dish. About 00 
c.c of distilled water are added, and tho covered 
dish heated on a water- bath for 30 minutes, tho 
water lost by evaporation being replaced, and 
the larger particles reduced by rubbing with 
an agate pestle. Tho dear liquid is decanted 
through a filter, and the residue washed by 
decantation four times, and then transferred to 
tho filter and washed until the filtrate gives 
no precipitate with silver nitrate. The filtrate 
contains tho alkalis os chlorides. 

The calcium is precipitated by the addition 
of ammonia and ammonium carbonate to the 
filtrate, which is heated and filtered. The residue, 
which contains some alkali, is dissolved in hy- 
drochloric acid, again precipitated by ammonia 
and ammonium carbonate, and filtered. The 
combined filtrates are then evaporated to dry- 
ness in a platinum dish, and the ammonium salts 
removed by careful heating over a moving flame. 
Tho residue is dissolved in water, and any traces 
of calcium left are precipitated by the addition 
of ammonia and ammonium oxalate. After 
standing 12 hours, the liquid is filtered off, 
evaporated to dryness m a weighed platinum 
dish, and gently heated. Tho alkali chlorides 
remaining m the dish are weighed, and the 
potassium determined by dissolving tho chlorides 
in water and precipitating tho potassium as 
potassium platino-ohlorido. Tho sodium is 
determined by difference. 

Rational analysis of clay. To determine the 
relative amounts of clay substanco, quartz, 
and undecomposed felspar, dry tho clay, to 
constant weight, and weigh about 5 grains of 
the dried and finely powdered clay into a porce- 
lain dish ; add 50 c.c. of concentrated sulphuric 
acid and 100 c.c. of water, and then heat the 
mixture for 3 hours on a water-bath, and 
afterwards on a sand-bath, until the acid 
commences to fume. After cooling add water, 
and decant the clear liquid into a 2-litre beaker. 
To tly* residue in the dish add 10 c.c. of Lunge’s 
solution (100 grams crystallised sodium car- 
bonate, and 10 grams sodium hydreftride, dis- 
solved in 1 litre of water), boil for 6 minutes, 
dilute with water, and decant into the beaker. 
Treat the residue in the dish similarly with 
concentrated hydrochloric acid, and repeat the 
treatment with Lunge’s solution and hydrochloric 
acid, diluting with water after each treatment, 
and decanting the clear liquid into the beaker. 
Then wash the residue on to a filter with 
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dilute hydrochloric acid. Stir up the con- 
tents in the beaker, and allow to stand for an 
hour. Decant off the clear liquid, taking care 
to retain the residue in the beaker. Wash the 
residue into the dish, and repeat the treatment 
with Lunge’s solution and acid as above., and 
iass through the filter. Wash with dilute 
lydroehlonc acid, dry and ignite tho filter paper 
and contents in a weighed platinum crucible. 
This residue is reckoned as felspar and quartz, 
and the loss suffered by the clay m this treatment 
as clay substance. 

To determine the quartz and felspar, add 
about 5 c.e. of water, 4 drops of sulphuric 
acid, and 15 c.c. of hydrofluoric acid to the 
residue in the crucible, and heat the whole 
carefully on a sand-bath until nearly dry. Add 
more hydrofluoric acid, and again heat as before. 
After cooling, dissolve the mass in water, wasli 
into a dish, and add ammonium chloride and 
ammonium hydrate to precipitate the hy- 
droxides of aluminium and iron. Filter, wash 
with hot water, heat and weigh. This weight is 
multiplied by 5-451 to obtain its equivalent m 
potash felspar, and the difference between this 
and the weight of the original residue is taken 
os quartz. 

Many ceramic chemists calculate the ra- 
tional constitution of the clay from the 
ultimate analysis, taking the potash as derived 
entirely from undecomposcd felspar (reckoned 
os KjO-AlaOj-OSiOj), the alumina and iron as 
derived from felspar, and the clay substance 
(reckoned as AL(V2Si0 M 2H 2 0) and the silica as 
derived from the clay substance and quartz. 

J. B. 

CLAYITE. A name suggested by J. W. Mellor 
in 1909 for the non -crystalline variety of kaolimte 
H 4 Al 2 Si 2 O 0 , of which china-clay and most other 
clays are largely composed. The same name 
had been earlier used by W. J. Taylor, in 1859, 
for an uncertain alteration product (of totra- 
hedrite ?) composed of sulphur, arsenic, anti- 
mony, lead, and copper. L. J. S. 

CLAY IRONSTONE v. Iron, Ores of. 


CLOVE OIL v. Oils, Essential. 

CLOVER. The name by which several 
leguminous forage plants are known. The chief 
species are : white olover ( Trifolium repens, 
Linn.); red clover (7. pratense , L.) ; alsike 
clover (7. hybndum, L.) ; crimson clover (7. 
mcamatvm , Tv); yellow suckling clover (7. 
dvbivm, Sibth.) ; mammoth red, or zigzag clover 
(7. medium, L.) ; hop clover, or hop trefoil (7. 
procumbent, L.). All the above belong to the 
true clovers, to the genus Tnfolium. Also 
included as clover are : yellow clover, or trefoil 
(Medicae/v lupuhna, L ) ; Bokhara clover, or 
molilot (Al eh lotus alba, Desn.) ; Japanese clover 
(Lcspedcza striata. Hook et Arn.) ; and Soola 
clover, or sulla {Hcdi/suium eoronarnm, L.). 
The following table gives the average composi- 
tion of various clovers at the time of flowering 
(Kellner) : — 


Sol. earbo- 

Water Protein Fat hydrates Fibre Ash 


T. repens 

81-5 

4 4 

0-8 

' 0-9 

4-3 

21 

T. pratense 

79-0 

3-4 

0-7 

9-4 

5 9 

1-6 

T. hybndum . 

81-8 

2-8 

0-7 

7-0 

0-2 

1-5 

T. mcamahm . 

8 1 5 

2-8 

0 7 

7 0 

6*1 

1*9 

7. procumbcns 

80-0 

3 5 

0 8 

8 4 

5-7 

1-6 

Mdilolus alba . 

79-7 

41 

0-8 

7 4 

5-7 

2-3 


The following are analyses of hay from various 
clovors : — 


Sol. carbo- 

Water Protein Fat hydrates Fibre Ash 

7. repent . 9-7 15*7 2-9 39 3 24-1 8-3 

7. pratense . 10 5 13T> 2 -9 37 ’1 24 0 0*0 

7’. hybndum . 10 0 13*0 3 1 34-5 25-7 7 1 

T.incarnatim . . 10*7 12 0 2-4 35-5 26‘2 7‘2 

7. procumbent 16*0 15 4 3 4 33-2 24 5 7 5 

Mdilolus alba. 15 -7 16*7 2-8 27 9 30’3 8 0 

Lespcdcza striata 9 1 13*7 4*0 47 '5 21 -6 4*1 

White or Dutch clover is a low, creeping 
perennial plant, valuable for grazing. Its 
growth m pastures is encouraged by phosphatic 
and potash manuring, but discouraged by 
nitrogenous manures In America, it is said 
that its blossoms salivate horses, and that 


CLAY SLATE v. Slate. consequently much clover in pastures is an 

CLAYTON CLOTH RED v. Azo- colouring objection where horses graze. White clover 
matters. furnishes most excellent pasturage for bees, 

CLAYTON YELLOW v. Primuline and its tho honey which it yields bemg colourless and 
derivatives. of high quality. 

CLEVEITE. A variety of uramnite, consist- Red clover or broad clover is usually grown 
ing of a uranato of uranyl, and oxides of lead as a biennial, but will sometimes stand longer, 
and the rare earths. Usually obtained from It is often grown as a hay crop, or for cutting for 
Norway and Sweden. Hillebrand (Hull. U.S. green forage. It is tho variety most susceptible 
Geol. Survey, 78, 43, 83) found the percentage to ‘ clover sickness,’ and on many soils can 
of rare earths to be about 13, and that on only be grown safely once in 10 or 12 years, 
heating with sulphuric acid, over 2 p c. of nitro- A varioty of red clover, 7. pratense var. 
gen was evolved. Ramsay (Chom. Soc. Trans, perenne, known as ‘ cow grass,’ is not so prone 
1895, 1107) proved that the gas evolved was to clover Bicknoss, and lasts longer. It is, how- 
not nitrogen, but helium (</t\). Only half the over, of slower growth, and usually yields but 
helium is evolved by heat alone, and, moreover, one crop per year of hay. 

in some cases the disengagement of the gas is Alsike clover has whitish and pinkish 
accompanied by considerable evolution eft heat flowers, and is a perennial ; it is hardly suscep- 
(Proc. Roy. Soc. 1898, 04, 140). V. Brogukrite tible to clover sickness. 

and Pitchblende. Crimson clover, or ‘ trifolium, ’ is also a 

CLEVE’S ACIDS. l-Naphthylamine-6 and 7- somewhat slow-growing crop, and is an annual. 
Sulphonic Acids, v. Naphthalene. Yellow suckling clover is a smaller plant than 

CLICHY WHITE. A whito lead manu- the other clovers, and is usually only grown in 
factured at Clichy, in France {v. White lead, mixtures with rye-grass, &c. It is an annual, 
art. Lead.) Zigzag clover, known in America as mammoth 

CLOTHBROWN, -ORANGE, -RED, red clover, ripens later than red clover, and is 
-SCARLET, o. Azo- colouring matters. taller and ranker. 
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Bokhara clover, or large white clover, is a 
biennial, with small white flowers. This plant 
is remarkable lor its strong odour, more pro- 
nounced when dried, of coumarin ; animals do 
ndt eat it readily until they become accustomed 
to it. 

Soola clover is a perennial resembling red 
clover, but is richer in soluble carbohydrates 
( v . Scurti, Chem. Zentr. 1910, i. 1032). 

As the table of analyses shows, clovers are 
remarkable for the large amounts of nitrogenous 
matter and of ash which they contain. Of the 
former, however, a considerable proportion is 
of a non-protein nature, particularly in the 
immature plants. In the case of red clover, for ! 
example, it has been found that about 40 p.e. 
of the total nitrogenous matter is present as 
amides in very young plants, and that the 
proportion diminishes with growth, untd, when 
the plants are in full bloom, it is about 20 p.e., 
when fully ripe it sinks to about 12 p.e. 

The ash of clovers is remarkable for its 
riclinoss iu lime and its poverty m silica (in 
which grasses and cereal straws are so rich). 

The following aro WolfT's analyses of various 
clover ashes : — 

K 2 0 Na a O MgO CaO P a O B SO., Si0 2 01 

Itou clovor 34 5 ru 12 2 34 0 00 3 0* 27 37 

White „ 19‘4 7 8 10 0 33 2 14 1 8 8 4 5 3 2 

Alaike 33'8 15 15 3 31 9 10 1 4 0 1 2 2-8 

The very high ratio of lime to phosphorus 
pentoxide in the ash is noticeable. 

Clover hay has proved very successful as a 
constituent oi tho rations of fattening oxen and 
sheep. 

Out of about 200 feeding experiments with 
nearly 1000 cattle, conducted m Britain between 
1833 and 1908, 17 included clover hay m the 
daily ration. Tho average daily increase in 
live weight per head of the whole was l 803 lbs., 
while tho consumption of total digestible matter 
per 1 lb.' live weight gamed averaged 9 lbs. In 
the 17 eases where clover hay formed a portion 
of tho food, the figures arts 2'1 lbs , and 7 '47 lbs 
respectively (Ingle, Journ. High, and Agn. Roc. 
of Scotland, 1909). 

With sheep, the results are equally signifi- 
cant. 2390 sheep fed m various ways, between 
1844 and 1909, gave an average weekly increase 
per head of 2-06 lbs., and consumed an average 
of 7‘43 lbs. total digestible matter per 1 lb. 
increase in live weight ; while 384 sheep receiving 
clovor hay as part of their ration, gave an average 
weokly increase of 2 - 58 lbs. per head, and eon- 
sumod only 0*20 lbs. of total digestible matter 
per 1 lb. increase in live weight (ibid. 1910). 

H. I. 

CLOVER FLOWERS. It has long been 
known that clover flowers dye a yellow colour 
on aluminium mordanted fabrics, and in the 
past they have been employed to a minor extent 
for dyeing purposes. Three varieties have been 
ohemically examined, viz. those derived from 
the Trifolium pratense, the T. incarnatum , and 
the T . repens. 

Trifolium pratense.— The flowers known as 
the ‘ common red clover,’ according to Power 
and Salway (Chem. Soc. Trans. 1910, 97, 231), 
contain in addition to isorhamnetin (quercetin 
monomethyl ether) and a glucoside of quercetin , 
melting-point 235°, numerous other phenolic 
substanoes, which, judging by their chemioal 


properties, appear to be closely allied to the 
colouring matters of the flavone group. Theee 
aro described below. 

Pratol C 18 H 8 0 2 (0H) , 0CH a , colourless needles, 
melting-point 253°, readily soluble in hot aqueous 
sodium carbonate and sodium hydroxide with a 
pale yellow colouration, yields the acetyl com- 
pound, CjgHgO^OCjjHaOJ’OCH.,, and is pro- 
bably a hydroxymethoxyrjlavonc. 

A yellow compound, C 16 H 10 O 7 , thin yellow 
plates, melting-point about 280°, is soluble in 
alkalis witli a yellow colour, and its solution in 
sulphuric acid exhibits a brilliant green fluores- 
cence. It contains a methoxy group and gives 
an acetyl compound, C 16 H 6 0 7 ((J 2 H 2 0) 4 , melting- 
point 145°- 147°. 

Pralensol, C l7 li B () 2 (()H) 3 , is very readily 
soluble in alcohol, dissolves in alkali carbonates 
yielding yellow solutions, and its alcoholic 
solution gives with ferric chloride a greenish- 
black colouration. Triaeetylpratcnsol C 17 H 8 0 6 
(C,H 3 0) 3 , colourless slender needles, melts at 
189°. 

A phenolic substance, C u H 7 O s (OH) 3 , colour- 
less needles, melting-point 225°, is soluble in 
alkali hydroxides, and gives with alcoholic ferric 
chloride a dark green colouration. The acetyl 
derivative, silky needles, has melting-point 209°. 

The glucoside tnfolm C 2!! H. ia 0 n ,H 2 0, pale 
yellow needles, ineltH and decomposes at about 
2(10". Jt is soluble m alkalis with an intense 
yellow colouration, and dissolves in sulphuric 
acid, forming a yellow solution, which rapidly 
develops a brilliant green fluorescence. When 
hydrolysed it yields rhamnose and trifolitin 
(• l0 ll 10 () fl , melting-point about 275°, readily 
soluble in alcohol, 

C aii H 2a () 11 =C li H 10 O i +C i H 12 O # 

Alkalis dissolve trifolitin with an intense yellow 
colour, alcoholic feme chloride gives a dark 
green colouration, and alcoholic lead acetate an 
orange-yellow lead salt. It contains no mbthoxy 
group, and is unaltered when heated for several 
hours with 30 p.e. aqueous potassium hydroxide, 
it does not appear to belong to the flavone group, 
and differs from the flavone compounds by the 
fact that it does not give an oxonium salt with 
sulphuric acid, and only with difficulty a potas- 
sium compound by means of alcoholic potassium 
acetate. It may possibly consist of a tetr&r 
hydroxyphenylnaphthoquinono. The acetyl com- 
pound when rapidly heated melted at 116°, re- 
solidified <at a higher temperature, and finally 
melted at 182V 

The glucoside isotrifdin C aa H aa 0 11 , isomeric 
with trifolm, consists of pale yellow needles, 
melting-point about 250°, and when hydrolysed 
yields similarly to tho latter trifolitin, Ci 6 H 10 O e , 
melting-point 275°. Though in general beha- 
viour it is very similar to tnfolin, it is much more 
soluble in alcohol, and does not appear to be 
identical with this glucoside. 

In addition to theee compounds the flowers 
contain salicylic acid, coumanc acid, myricyl 
alcohol C 81 Hj 3 OH, heptacosane 0 27 H 6e , hmtria- 
contane C 31 n 64 , sitosterol C 27 H 40 O, Irifdiand 
C al H 34 O a (OH) 2 , palmitic , stearic, lindic, oleic, 
lindenxc, and isdindmic acids. 

1 Both iu its melting-point and that of its acetyl 
deri votive there is a marked resemblance between 
trifolitin and kaempferol. 
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Trifolium incamatum. — A considerable differ- 
ence is exhibited between the constituents of 
the ‘ carnation or crimson clover flowers ’ and 
those of the T. pratense or ‘ common red clover.’ 

According to Rogerson (Chem. Soc. Trans. 
1910, 97, 1006) these flowers contain pratol 
C 16 H 8 0 2 (0H)(0CH 3 ), free quercetin, and a glu- 
coside, of quercetin C 2J H 20 () 12 ,3H 2 O, to which 
the name incur nut r in is applied. This latter 
crystallises in yellow prismatic noodles, melting- 
>oint 242°-245°, dissolves m sulphuric acid with 
ormation of a green fluorescent solution, and 
when hydrolysed yields quercetin and glucose 
according to the equation 

(; 2 ill 2 ,() 12 d-JLO-C lt il 10 O 7 +C 0 H 12 O i 

Incamatrm is not identical with the querci- 
moritrm of l’erkm (Chem. Soc. Trans. 1909, 95, 
2181). 

In addition to these substances the flowers 
yield JurjuiaHehyde , benzoic and saluylic acids, 
a truce of p-coumunc and, mcamalyl alcohol 
hnitruKonianc C 31 I1 61 , a phi/tosteiol 
and palmitic, stearic, oleic, hnolntie, 
and isoli uolen ic acids 

Tnfohum repens . — The flowers of the white 
clover, T. icpcns, according to Perkin and Phipps 
(Chem. Soc. Trans 1904, 85, 58), owe their 
tinctorial property to quercetin which is present 
as glucosidc. A. (1 P. 

CLOVES. The cultivation of cloves forniR 
the mot t important industry of Zanzibar and 
of the island of Pemba. In 1913-14 the, total 
crop was 25,431,735 lbs of which 20,692,771 lbs 
came from Pemba, where about two-thirds of the 
total area, or about 35,000 to 40, (KM) acres, are 
under clove, cultivation The crop is, however, 
very uncertain, the amount in some years not 
being above one sixth of the above yield Large 
trees may furnish from 60 to 70 lbs. of diy cloves, 
although tho average yield is only about 3| to 
4 lbs per tree per annum. The, cloves aie 
pickl'd by hand and dried m the sun. ' The 
value of cloves depends upon the amount of 
essential oil present, tho quantity of which may 
vary from about 6 to 20 p c. Of this oil about 
84 to 90 p.c. consists of eugenol. (J\ Clove Oil 
in art. Oils, Essential.) 

COAL v. Fuel. 

COAL GAS v. Gas, Coal. 

; COBALT. Sym. Go. At. wt. 58’97. 

Cobalt usually occurs combined with arsenic 
or sulphur, and almost invariably associated 
with nickel and other metals. Free cobalt 
occurs only in meteorites. 

The most plentiful and important ore of 
cobalt is smaliinc or hn tcJnte cobalt, consistmg 
of arsenide of cobalt, nickel, and iron. It occurs 
abundantly at Schneeberg and many other 
localities where bismuth is found (v. Bismuth), 
in Bohemia, at Balmoral near Pretoria, near 
Sudbury in Ontario, very pure at Tunaberg m 
Sweden, and free from nickel in Coloradq As 
triaraonide, it forms skntte rndite CoAs 3 Sulphar- 
senide of' cobalt occurs as cobalt glance, grey 
cobalt, or cobaltine , abundantly at Vena (Sweden) 
and in Norway ; in smaller quantities in Silesia 
and Cornwall. As hydrated arsenate it forms 
cobalt bloom or erythnte Co 8 As z 0 8 ,Aq., found 
frequently as a peach-coloured incrustation 
on other arsenical ores, being produced by 
their decomposition. As sulphide, cobalt occurs 


in small quantities in cobalt pyrites and in 

linnaeite. 

Black earthy cobalt is a hydrated oxide of 
cobalt and manganese. It is essentially a variety 
of wad (hydrated manganese oxide), containing 
sometimes as much as 40 p.c. of cobalt. Surface 
deposits containing oxides and sulphides of 
cobalt and of nickel occur at New Caledonia, with 
veins of chrome ore and nickel and magnesium 
silicates ; it is smelted on the spot and exported 
as a rcgulus to England. Cobalt occurs m 
small quantities in many other minerals ; in 
pyrites and m certain iron ores ; as oxido in black 
oxide of manganese ; as arsenide m mispickel, 
sometimes to the extent of 10 p.c. ; in selenideof 
lead, and in cente, and in some peuts and coals. 

At the present turn the most important 
source of cobalt, whence almost the whole of 
the cobalt of commerce is obtained, is the district 
surrounding Cobalt city, near tho shores of 
Lake Temiskammg in North Ontario. Hero 
very rich silver ores are found, containing 
frequently 2000 oz silver per ton, and sometimes 
as much as 60 p.c. These ores also contain a 
high percentage of cobalt and nickel, chiefly as 
arsenides, and, after extraction of the silver, are 
sent to nickel and cobalt rdiners. 

Bxtuntum . — The methods adopted by manu- 
facturers for the extraction of cobalt from the 
ores vaiy with the nature of the oies. The ores 
are first concentrated by fusing with a suitable 
flux, wheicby sibcious matter and a portion of 
the iron aie removed. In the ease of the Ontario 
ores, tins speiss consists chiefly of arsenides of 
cobalt, nickel, lion, and copper. Tho speiss is 
then calcined, the iron is oxidised to ferric 
oxide, part of the arsenic is removed, a little less 
being left than is required to combine with the 
iron. The mass is then dissolved m hydro- 
chloric acid, and bleaching powdei and lime are 
added, whereby the iron is precipitated as 
arsenate and hydroxide. The liquid is then 
treated with sulphuretted hydrogen to precipi- 
tate copper and other heavy metals, excess of 
the gas evaporated off, and the cobalt precipi- 
tated as oxide by the^addition of bleaching 
powder. The nickel in, tho solution is subse- 
quently precipitated by potash or lime. 

In the case of New Caledonian ores, consisting 
chiefly of sulphideB, the treatment of the con- 
centrated ore is somewhat different. The matt, 
consistmg chiefly of sulphides, is carefully 
calcined at a moderate temperature, and 
converted into sulphates. Those arc dissolved 
in water, and the iron precipitated by careful 
addition of the requisite quantity of sodium 
carbonate. The copper and heavy metals are 
separated by sulphuretted hydrogen, and after 
boiling off the excess, the cobalt is precipitated 
by sodium hypochlorite (bleaching powder 
cannot bo used, owing to the sulphates m the 
solution), and the nickel in the remaining liquid 
precipitated by sodium carbonate. 

In Herrenschmidt’s process for the treatment 
of New Caledonian ores, these are treated with 
a solution of ferrous sulphate, when cobalt, 
nickel, and manganese pass into solution, and 
iron remains in the residue. Copper is first 
separated, and then the cobalt, nickel, and 
manganese precipitated by sodium sulphide. 
The manganese is extracted By ferric chloride, 
the nickel and cobalt sulphides roasted to 
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sulphates, and oonverted into chlorides by 
caloium chloride. A part of the solution Is 
treated with lime water, snd the suspended 
precipitate oxidised by chlorine and added to 
the other portion, whereby the cobalt is pre- 
cipitated and nickel chloride remains in solution. 

Until of late yearn the only market for cobalt 
compounds was m the ceramic industry, in winch 
it was employed for whitening the body of china 
and in the production of bluo colour. It is 
omployed in the enamelling trade, the manu- 
facture of bluo-colourod signs, the colouring of 
glass and m the manufacture of pigments and 
as driers for paints. 

Metallic cobalt is not at present used to any 
extent m the arts, though its utility is becoming 
more fully recognised, especially in electro- 
plating and in high-speed steels and in ‘ stellite,’ 
an alloy of cobalt, chromium and tungsten. 
Commercially it is always prepared by heating 
the oxide with charcoal ; it then contains small I 
quantities of uni bon. Cure cobalt is prepared I 
by heating cobalt oxalate when the 

carbon and oxygen pass off as carbonic an- 
hydride, leaving the pure metal as a powder. 
A button of the fused metal may be obtained 
by fusion of the oxalate alone, or of tho oxulo 
mixed with charcoal under a layer of powdered 
glass containing no lead or other reducible 
metal ; the fusion is preferably perfonned m a 
lime crucible at the highest temperature of a 
furnace. Pure cobalt may also be prepared 
by clectro-dopoHition with platinum electrodes 
(Winkler, Zeitscb. anorg Cheni 8, 1). Cobalt 
is also produced as a grey metallic powder by 
igniting the oxide at a mil heat in a current of 
hydrogen. If too low "a temperature has boon 
used, tho metal produced is pyrophoric , igniting 
and becoming reoxidised in contact with the air 

Carbon monoxide rapidly reduces cobalt 
oxide at all temperatures above 600°, the 
reduction being eoinploto at DOIT. With char- 
coal complete reduction takes place at l >00°, the 
final product containing about 2 p.c of carbon. 
Reduction with aluminium by tho thermit 
process givos a metal containing about 0*1 p.e. 
of aluminium or even less (K.almus, ,j. Ind. Eng. 
Chetn. 1914, 6, 107). 

Properties . — Cobalt is a brilliant silver-white 
metal, with a slight bluish east. It is the 
most magnetic metal after iron, and retains its 
magnetism at high temperatures; above 1116° 
it passes into a non-magnetie variety. 

Pure cobalt is harder and more tenacious 
than iron, its breaking weight bemg about 
50 kilos, per sq. millimetre. Valenciennes 
states that cobalt, after fusion and anneal- 
ing, may be rolled into spiral bands like good 
iron (Compt. rend. 70, 007). Cobalt melts at 
1530° (Copaux), 1490° (Henning), 1478° (Kalmus 
& Harper), and boils at 2415°/30 mm. Its 
Bp.gr. is 8*8, and hardness, 6*5. Its specific 
heat (20°-100°) is 0*104; specific resistance, 
5*5 ; and the temperature coefficient of resist- 
ance, 0*0055. According to Kalmus & Harper 
(J. Ind. Eng. Chem. 1915, 7, 0), pure cobalt 
prepared by reduction of cobalt oxide lias 

Dj 7 8*7918 (unannealed), Dj 4 6 8-8105(annealed), 
D^ 66 8*9263 (swaged); m.p. *1478±11°; 
tensile strength, cast and unannealed, 34,400 lb. 


per sq. in. ; annealed 30,980 lb. per sq. in. ; 
and rolled, more than 100,000 lb. per sq. in. ; 
compressive strength, oaBt and unannealed, 
122,000 lb. per sq. in., annealed, 117,200 lb. 
per sq. in. ; electrical resistance 89*64 ohms 
per cm. 8 ; specific heat, from 0° to 890° 0-1068 
f 0 *000045 7^-f-O *0000000662 2 . Tho hardness of 
cast cobalt is considerably greater than that of 
either iron or nickel, bemg approximately 124*0 
(load 3500 lb.). The presence of from 0*06 to 
0*3 p.c. of caibon in tho metal increases the 
tensile and compressive strength, and tho elec- 
trical resistance, but has little effect on the 
hardness. Pure cobalt may be machined in a 
lathe as readily as pure iron or nickel, but it 
is somewhat brittle ; cobalt containing U. small 
quantity of carbon machines like mild steel, 
and whilst pure cast cobalt cannot be rolled or 
swaged without developing cracks, cobalt con- 
taining caibon may be rolled or swaged down 
from cast bam to any extont provided that the 
metal is worked at a red heat (Chem. Sue. Abst. 
1915, u. 99). It is slowly soluble in hydro- 
chloric and sulphuric acids, with evolution 
of hydrogen, quickly soluble in nitric acid ; 
it is not attacked by hot or cold alkali, but if 
used, as anode m the electrolysis of alkaline 
electrolytes, passes into a colloidal solution of 
cobaltous oxide. It exhibits also the passive state, 
similar to that of iron and other metals, but the 
tendency to do so is slight. Cobalt occludes 
from 60 to 150 times its own volume of hydrogen, 
the amount varying with the mechanical 
condition of the metal. The powdered metal 
combines, when boated, with chlorine, bromine, 
and iodine. It decomposes steam at a red beat, 
and, if finely divided, ignites when heated in 
oxides of nitrogen, and in a current of ammonia 
gas at 500” forms a nitride Co 4 N a . When 
finely divided cobalt is heated to 150*°-200° in 
carbon monoxide at 100 atmos. pressure, orange- 
rod crystals of cohall carbonyl Co(CO) 4 are formed, 
melting at 51°, soluble in alcohol or ether, but 
insoluble m water, and decomposing above 
52°, yielding (Jo(CO) 8 which further decomposes 
(Mond, Chem. Soc. Trans. 1910, 798) {v. Cobalt 
Cabbonyls). 

Cobalt may bo deposited as a fine lustrouB 
coating on metals by the electrolysis of a neutral 
solution of the double sulphate of cobalt and 
ammonium, using a current of about 6 amperes 
per sq. foot of cathode surface, and an anode 
of cobalt (A. Gaiffe, Compt. rend. 1878). The 
presence of ammonium chloride appears to hinder, 
whilstammomum Hulphate assists, the deposition. 
Tho deposit of cobalt is harder, more tenacious, 
and of greater beauty than that of nickel (Troost). 

(For the properties of cobalt containing other 
metals, v. Alloys of cobalt.) 

Detection . — All ores and compounds of cobalt 
impart a blue colour to a bead of borax on 
fusion ; if present in too great excess, the bead 
appears black. Heated on charcoal with reduc- 
ing fflix, all substances containing cobalt produce 
metallic particles which are attracted, by a mag- 
net (distinction from all other bodies oxcept iron 
and nickel). 

Salts of cobalt, when strongly heated with 
alumina before the blowpipe, give a fine blue 
colour (Thenard’s blue). Sulphuretted hydrogen 
produces no precipitato in an acid solution, 
out gives a black precipitate of sulphide in 
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alkaline ablutions, the precipitated sulphide 
being insoluble in dilute acids. In a solution 
containing free acetic acid, potassium nitrite 
roducos a yellow precipitate of potassium co- 
altini trite K 3 Co(NO l! ) # ; the whole of the cobalt 
being thus precipitated on standing in a warm 
placo for some time. If a mineral acid is present, 
it Hhould first be neutralised by potassium 
hydroxide. , 

Potassium thiocyanate with cobalt salts gives 
a red colouration, and, on the addition of alcohol I 
and ether, forms a deep blue ethereal layer. 

Cobalt is also precipitated as a rod precipitate : 
by the addition of a solution of mtroso-;8- j 
naphthol to its alcoholic or acid solutions. As 
nickel is not thus precipitated, this forms a 
useful means of separation of the two metals, the 
sulphides being dissolved m aqua tegia , evapo- 
rated to dryness, taken up with a little water 
and hydrochloric acid, and precipitated as above. 

Estimation — Dies containing cobalt are 
usually very complex; they almost invariably 
contain nickel and many other metals from 
which the separation is difficult. The following 
scheme will serve for the estimation of both cobalt 
and nickel m any mineral, though m the cose 
of certain ores it may be somewhat simplified. 

From 2 to 7 grams of the finely ground 
ore are roasted m a porcelain crucible in a 
muffle. The residue is boiled with hydrochloric 
acid containing a little nitric acid until the metal- 
lic oxides are dissolved ; the solution is diluted, 
nearly neutralised with ammonia, and boiled with 
sodium acetate solution, whereby the iron and 
aluminium are precipitated as acetates contain- 
ing the greater part of the arsenic (as arsenate of 
iron) and a little nickel and cobalt. The solution 
is filtered, and the precipitate redissolvcd in hy- 
drochloric acid and reprecipitatod as before, the 
precipitate being this time free from nickel and 
cobalt. The two filtrates are mixed, just neu- 
tralised with ammonia, and treated with sul- 
phuretted hydrogen gas ; cobalt, nickel, zinc, 
copper, bismuth, &c , are thus precipitated as sul- 
phides, leaving the manganese and the alkaline 
and earthy metals m solution. The precipitate 
is filtered, washed, dried, and roasted, the oxides 
so produced dissolved in hydrochloric acid, and 
treated with sulphuretted hydrogen ; the copper, 
bismuth, lead, &c., are thus precipitated and fil- 
tered off. 

Tho solution is boiled till free from sul- 
phuretted hydrogen, and the two metals co- 
precipitated by the addition of potash to the 
boiling solution ; the precipitate is filtered and 
washed, nearly dried, and separated as far as 
possible from the filter. The precipitate is di- 
gested in a dish with dilute hydrocyanic acid, 
then with potash solution, and again with hydro- 
cyanic acid, and warmed until no further solution 
occurs. A minute quantity of residue is left, 
consisting of paracyanogen and a small quantity 
of the oxides of nickel and cobalt ; it is qdded 
to that still remaining on the filter paper, and 
the whole washed, dried, heated, and weighed. 

Tho solution containing the two metals is 
boiled to expel the excess of acid, and consists 
of cobalticyanide of potash and double cyanide 
of nickel and potash. Precipitated yellow mer- 
curic oxido is added, and the solution boiled for 
some time. The nickel is thus precipitated, 
partly as cyanide and partly as eesquioxide. It 


is filtered, washed, dried, heated, and weighed 
ae nickel protoxido NiO. The filtrate is nearly 
neutralised with nitric acid, and a neutral solu- 
tion of mercurous nitrate added in excess. The 
cobalt is thus preoipitated as mercury cobalti- 
cyanide, which is washed, dried, and heated in 
an open crucible until of constant weight. The 
product consists of Co a 0 4 . 

From the proportions of cobalt and nickel 
thus found, the amount of each in tho residue 
on tho filter papor, &c., which has been weighed 
may be calculated, and added to the amounts 
directly determined. 

In other methods, the copper, Ac., are first 
precipitated by sulphuretted hydrogen, iron by 
ammonia, and the nickel and cobalt precipitated 
as sulphides. The sulphides are redissolved, 
and in (1) the total nickel and cobalt estimated 
by electro- deposition ; in (2) the cobalt is first 
precipitatcd.and the nickel alone determined. 

The cobalt m the above solution may also be 
I determined by precipitation as potassium cobalti- 
I nitrite, dissolving the precipitate in warm dilute 
1 sulphuno acid, evaporating nearly to dryness, 
j and electrolysing after addition of ammonium 
: oxalate and excess of ammonium carbonate 
(Copaux, Bull. Hoc. chim. in. 29, 301 ) 

The solution containing the sulphides of 
nickel and cobalt may also he estimated after 
freeing from excess of and by boiling with 
barium carbonate, and adding excess of bromine 
water After 10 minutes the cobalt is com- 
pletely separated as sesquioxide (Taylor, Proc. 
Man Phil. Soc. 40, 1). 

Various volumetric methods have boon 
suggested, but none appeals to he perfectly 
satisfactory. 

Alloys of Cobalt. Cobalt unites with incan- 
descence on fusion with antimony or arsenic, 
forming brittle iron-grey alloys. 

With arsenic the freezing -point curve indi- 
cates the existence of compounds, Co.Ah 2 ; 
Co 2 Ah ; and Co 3 As 2 . Email me ('oAs 2 forms 
tin-wliitc oetahedra; and skuttnvditc CoAs g 
occurs as greyish-white oetahodia. The arsenides 
are attacked by oxidising agents, and all contain- 
ing over 38 p.c. arsenic are non-magnotie. 

Antimony and cobalt are completely miscible 
in the liquid state. 'Three classes of alloyB 
exist : magnetic alloys with less than 67 p.c. 
antimony ; alloys of from 67 to 80*27 p.c., 
which on heating form CoSb ; and alloys above 
80*27 p.c., which by acids yield a compound, 
OoSb 2 , os a grey crystalline powder (Ducelliez, 
Compt. rend. 147, 1048). ^ 

Cobalt has a marked effect on the electrical 
properties of copper; 3*5 p.c. gives an alloy 
with a temperature coefficient of the resistance 
of only 0*00077. Two series of mixed crystals 
appear to exist, 0-10 p.c., and 95-100 p.c. 
copper, and alloys within these limits consist of 
conglomerates of the two sets of mixed crystals. 
Some of the alloys are very ductile. As in 
many of the cobalt alloys g,t high temperatures, 
the cobalt is present as a non-magnetic form (0), 
which changes to the magnetic (ct) form on 
cooling. Alloys containing 99 p.c. of copper 
arc stated to be magnetic (Sahmen, Zeitsch. 
anorg. Chom. 67, 1). 

Tin and* cobalt are perfectly miscible as 
liquids, and, according to Ducelliez (Compt. 
rend. 148, 502), aU alloys are mixtures of CoSn 
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and Co 3 Sn, with one another, or with cither of 
the components. Below 57 ’6 p.c. tin, the alloys 
are magnetio and brittle ; above 66 -8 p.c. tin, tne 
alloys are less brittle and non-magnetic ; all are 
muoh harder than either component. A com- 
pound Co 2 Sn of m.p. 1 1 5 1 u has also been described. 

With gold a brittle alloy is produced, that 
containing 1 part gold and 17 parts cobalt is 
dark-yellow and very brittlo ; all the alloys are 
magnetic. With platinum a fusible alloy is 
produced ; and a silver- white magnetic amalgam 
with mercury is used in dentistry. 

Alloys with alummivm containing less than 
68 ‘5 p.c. cobalt are 11011 -magnctic, the freezing- 
point curve indicates a compound CoAl Cobalt 
and nickel do not appear to form a compound ; 
the freezing-point curve is almost straight, 
the composition of the solid being almost 
identical with that of the liquid in all eases. 

Addition of iron has no appreciable effect on 
the melting-point of cobalt, the curve being 
almost horizontal to 6 p.c. cobalt, the crystals 
having the same composition as the fused mass. 
Two senes of non-magnetic, which transform 
into four series of magnetic crystals, appear to 
exist (Tammann, Zeitscb. anorg Cliem. 45, 205). 
Steels containing up to 60 p.c. cobalt show 
pcrlitic structure, and the mechanical properties 
are only slightly affected by the cobalt. 

Lead, silver, or bismuth are only partially 
miscible with cobalt when molten, and* no defimte 
alloys appear to be formed. 

With silicon m the electric furnace, steel-grey 
metallic-looking siheidos are formed, Co 2 Si and 
CoSi 2 . Both are stable and hard, and attacked 
by hydrofluoric acid and aqua regia. A very 
hard magnetic boride is prepared in a smnlai 
manner ; and by the action of phosphorus on 
cobalt chloride at a luw red heat a hard brittle 
■phosph ide, 'Co^Vj, not affected by heat or acids, 
is produced. 

It is possible to combine cobalt or nickel 
with manganese with the production of valuable 
alloys. For this purpose commercial man- 
ganese or forro-manganeso may be used, the 
presence of iron not being injurious. From 2 
to 5 p.c. of the manganese is added in small 
portions to the molten metal ; much gas is 
evolved after each addition, and the metal is 
poured into moulds when tranquil ( v . Hunting- 
don, J. Soc. Chem. Ind. 1882, 258). 

It is statod that when in the molten condi- 
tion cobalt and nickel take up both carbon and 
oxygen, but evolve the greater part of the latter 
substance on cooling, leaving a porous metal 
containing carbon. A*mothod has been patented 
whereby this carbon is said to bo eliminated 
The porous eubos of metal are immersod in a 
4 p.c. solution of alkaline manganatc or per- 
manganate, dried and melted in a cruciblo at a 
high temperature. The carbon is said to be 
thus oxidised and removed, and the metal takes 
up a small quantity of oxygen. As soon as the 
motal flows easily, a little black flux and charcoal, 
or a small quantity of aluminium, or the calcium 
zino produced in Caron’s procoss, is added, and 
the oxygen thus removed (Dingl. poly. J. 1884, 
264 - 315 ). 

Oxide of cobalt is used for the preparation of 
the salts of oobalt and of smalt, and by ena- 
mellers and porcelain manufacturers for the 
production of the finest blue glaze and colour on 


porcelain, glass, and other verifiable substances. 
The presence of of this substance imparts 
a bluish tinge to clear glass. 

The presence of other oxides has an injurious 
effect on the colour produced by this substance 
( v . Smalt ) ; it is therefore neoessary, for the more 
delicate work, to ensure its complete freedom 
from such impurities. 

When heated strongly with magnesia, it pro- 
duces a pink mass ; with alumina, a fine blue 
| (Thenard’s blue) ; and with zme oxide, a green 
(Rmmann’s green). Za jjrc consists of a very 
impure oxide of cobalt, produced by roasting the 
| ore. It is usually mixed with 2 or 3 parts of 
fine sand or ground quartz, and is used for the 
same purpose as smalt for the coarser work. 

Cobalt blue, Cobalt ultramarine, Thenard’s 
blue, Azure blue. The composition of this 
pigment varies considerably, according to the 
I method of manufacture. It consists sometimes 
! of Iho oxides of cobalt and aluminium ; at other 
i times it contains phosphate or arsenate of cobalt. 

It may bo prepared by first precipitating a 
i solution of a cobalt salt, usually the nitrate, free 
from iron and nickel, with potassium or sodium 
phosphate, or with sodium arsenate. The 
! gelatinous violet precipitate is thoroughly 
washed and well mixed with 3-5 volumes of 
freshly precipitated, well- washed alumina (when 
cobalt arsenate is employed, a larger propor- 
tion of alumina may be added), precipitated from 
a solution of alum iiee from iron by the addition 
of sodium curbonato. The mixture is dried 
until it becomes brittle, and calcined at a cherry - 
j red heat for 30 minutes in a well-covered clay 
cruciblo. When the desired blue colour has 
been developed, the mass is ground with water 
and dried. In order to prevent the possibility 
of entrance of reducing gases, which much 
I injure the value of the product, Regnault roeom- 
| mended the, addition of a little mercuric oxide 
| before the lgmtion. This becomes decomposed 
j and evolves oxygen, which effectually prevents 
j reduction, wlide the mercury escapes as vapour 
(Regnault, Cours El6m. de Clinnie, 3, 150). 

A similar but loss fine colour is produced 
by tho simultaneous precipitation of the oxides 
of cobalt and aluminium by the addition of 
sodium carbonate to a mixture of cobalt nitrate 
and alum ; the mixed precipitate is washed and 
treated as above. 

According to the process recommended by 
Binder (Technologiste, 5, 55), tho oxide of 
cobalt is* precipitated by the addition of, the 
requisite quantity of ammonia to a solution of 
pure cobalt chloride. The washed precipitate 
is mixed with alumina as before, dried, anu cal- 
cined at a red heat in a clay crucible for two hours. 

According to Hedvall the fusion of cobaltous 
oxido and alumina is best made in presence of 
potassium chloride as a flux. When the cobalt 
oxide is in excess the resulting product can bo 
obtained pure by treatment with water to 
remove tho flux and with hydrochloric aoid to 
remove the excess of cobalt oxide. * At 1100° 
the blue aluminate Co0‘Al a 0 3 is formed; at 
temperatures above 1100° a green ahminale 
4Co0,3A1j, 0 3 is produced. McEachem has 
pointed out that alumina and cobalt oxide 
alone do not produce a satisfactory colour, but 
that additions of sodium or magnesium salts 
greatly improve it. Wagner and Vanino found 
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that cobalt sulphate could be used instead of 
phosphate, ana that the alumina was most 
suitably introduced as ammonium-alum. To 
25 pts. of alum were added 2 *5 to 5 pts. cobalt 
sulphate, 0'3 pt. magnesium or zinc sulphate ; 
the mixture is melted in its water of crystallisa- 
tion and constantly stirred until dry, when it is 
heated to the required temperature (Vanino, 
Ohem. Zeit. 1011, 35, 45)7). 

, Thonard’s blue is of a fine ultramarine 
colour ; the presence of excess of cobalt imparts 
a somewhat greenish tinge. It has, however, 
the disadvantage of appearing violet by gaslight. 
It is ono of the most permanent blue pigments, 
being unaltered by acids or alkalis, and ih largely 
used as an oil and water colour, but works 
better as water colour It is non-poisonous, 
and lias the advantage of miscibility with other 
pigments without alteration. 

Croruleum, Codivc, Bleu, celeste, is a eoi re- 
sponding colour containing oxide of tin and 
usually calcium sulphate, its general composi- 
tion is said to be oxide of tin, 49*60 ; oxide of 
cobalt, 18*00 ; calcium sulphate and silica, 31 *08 ; 
and a pigment of this nature is obtainod by 
precipitating a solution of cobalt nitrate with 
sodium stannato, and beating the precipitate as 
above. 

It is a fine light-blue pigment of slightly 
greenish tinge, of greater density than Thenard’s 
blue, and retains its eoloui in artiliciul light 

New blue. A blue- pigment of shade varying 
from a pale-greenish blur to a deep-turquoise 
blue, largely used for enamels, consists of 
aluminates of cobalt and chromium produced by 
the action of alum on cat bonates and hydroxides 
of cobalt and chromium. 

Cobalt green, Jitnnuwv’s green. The con- 
stitution of this pigment corresponds with that 
of Thenard’s blue, with the substitution of zinc 
oxide for alumina. 

It may be prepared by mixing a solution of 
pure cobalt sulphate (or nitrate) into a paste 
with zinc oxide, and heating in a inutile furnace 
for 3 or 4 hours, until the desired colour is 
obtained. Pigments of a moio uniform nature 
are produced by the precipitation of a mixture 
of solutions of zinc and cobalt salts, by means 
of sodium carbonate, phosphate, or arsenate, 
drying and heating the precipitate. The phos- 
phate is said to give a purer and brighter green 
than the carbonate. 

R. Wagner (Technologiste, 18, 409) gives the 
composition of fine green pigments ag varying 
front 71*68 p.c. zinc oxide and 11*62 p.c. 
cobalt oxide, to 88 04 p.c. zinc oxide and 1 1 *52 
p.c. cobalt oxide, the quantity of phosphoric 
oxide also varying greatly. 

According to lledvall (Arkw. Kem. Min. Geol. 
1913, 5, No 6, 1), Rmmann’s green is not a 
definite substance, but rather a series of solid 
solutions of its component oxides in isodimorphic 
crystals. 

Rinmann’s green is a fine permanent pig- 
ment ; itfr colour varies through many shades, 
according to the proportion of zinc prosont, the 
darker greens containing less of that substance 
It is non-poisonous and unacted upon by dilute 
acids or alkalis, but is attacked by ammonia. 
It has also the advantage of not affecting or 
being unaffected by other pigments. Rin- 
mann’a green, on account of its high price, and 


the number of other permanent greens, finds 
little use as a pigment. Another permanent 
green pigment used in porcelain painting is said 
to be prepared by tho calcination of a dried mix- 
ture of the following proportions of the freshly 
precipitated substances ; 20 cobalt carbonate, 
40 alumina, 20 chromium oxide. 

Cobalt bronze is a phosphate of cobalt and 
ammonia, of a violet colour, with a bronze-like 
metallic lustre 

Cobalt silicates. A cobalt silicate is produced 
by the addition of sodium silicate (soluble glass) 
to a cobalt salt. It produces a blue pigment well 
suited for painting on glass and porcelain. 

Smalt. Bleu tl'azin. Bleu de tiaxe. This 
important substance consists ot a silicate of cobalt 
and potash 

In the preparation of smalt m Saxony, 
smaltmc is principally used In Norway and 
Swedi n the principal ore is eobaltme The 
general process is identical tor both ores. 

The selected ore is powdoicd, freed from the 
lighter earthy impurities by washing, and placed, 
in charges of about 3 ewt , m a layer ot 5 or 6 
inches thick on the bed of a revei beratory fur- 
nace oi in a muffle It is then roasted, and the 
sulphur and arsenic expelled as oxides, the 
latter being condensed in chambers through 
which the fumes are passed Tho roasting must 
bo discontinued when only sufficient arsenic is 
left to combine with the less oxidisable metals, 
especially coppei and nickel, while the greater 
part of the cobalt is corivcited into oxide. In 
order to ascertain whetliei the roast ing has pro- 
ceeded sufficiently, a small portion is occasion- 
ally tested and the process stopped when the 
finest tinted glass is pioduccd. The material 
is then ready for fusion for ‘ smalt.’ 

The fluxes used consist of powdered quartz 
and potassium carbonate They must be ot great 
purity, as the presence of lime and many other 
substances impairs the beauty of the colour. 
The quartz is first heated to redness, plunged 
into water, and, thus disintegrated, is pow- 
dered in a null It is then suspended m water 
and allowed to subside foi a short tune, and the 
liquid, which contains most of the iron and 
other impurities still suspended, is poured off ; 
this operation is repeated until a pure quartz 
powder is obtained. 

Tho proportions of the ingredients used 
vary extremely according to the richness of the 
ore and the colour required. The potassium car- 
bonate used generally amounts to about one-third 
of the weight of ore and quartz together. White 
arsonie is usually added to oxidiBe any ferrous- 
salt, and thus prevent the injurious effect of 
that substance on the smalt, and to otherwise 
heighten the colour of the product. The exact 
amount of each of these substances is found by 
a tost fusion and comparison with a smalt of the 
required colour. 

The smalt furnace is similar to a glass oven ; 
it usually contains eight crucibles. The pots 
are of very refractory clay, free from lime, 
and capable of holding | cwt. When charged, 
they arc strongly heated, and the mass fuses 
in about 8 hours ; it is frequently stirred to 
render it homogeneous, and to break the crust 
which forms on tho surface. At a white heat 
combination occurs, the quartz and potash re- 
act with the production of fusible potassium 
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Bilicate, which dissolves the cobalt oxide, 
forming the blue ‘ smalt,’ whilo the mixed 
arsenides of nickel, oopper, and iron, with the 
small quantity of oobalt arsenide which is 
always present, fuse and form a brittlo metallic- 
looking speiss beneath the smalt. This usually 
contains about 3 p.c. of cobalt and a considerable 
quantity of nickel, and is used for the prepara- 
tion of the latter substance and of cobalt oxide. 
The mass is loft at a white heat for some time 
without Btirring, to allow the spoiss to settle, and 
is ladled out with long-handled iron ladles into 
vessels of cold water, it is thus rendered j 
granular, brittle, and easy to pulverise. When j 
nearing the bottom of the crucible, the ladle J 
contains both speiss and smalt ; the former, 
being much more fusible, is poured first from 1 
the ladle, from beneath the smalt, into a niche I 
in the side of the furnace, whence the dense J 
fumes of arsenic, &e., which it evolves pass up j 
the chimney. 

Tho blue glass is next powdered with granite ! 
stampers, or ground between granite millstones 
under water, and the product passbd through a 
Hones of depositing vats In the lirst vat it 
remains for a short, time only, thence it passes , 
to a second for a somewhat longer time, to a 
third for about 15 minutes, to a fourth and ! 
lifth for a corresponding period, and finally to a j 
sixth vat, where it is allowed to deposit com- j 
pletoly. The deposit m the first vat is returned , 
to the null and re ground, that in the second and ; 
third is the best marketable smalt, whilst m the j 
fourth and fifth \ats*a lighter -coloured deposit, . 
sold under the name esc lid, ih produced. The : 
deposit in the last vat is not marketable, and is 
usually resmeltod. 

The marketable deposits are again washed, 
deposited, dried, powdered, and sifted. About 
threo- fifths of the glass taken from the pots is 
thus available The presence of other oxides 
than thoHo of cobalt and potash, even m small 
quantities, exerts a powerful infiuonco on the 
colour of the smalt. Baryta produces an indigo 
tinge ; sodium, calcium, and magnesium pro- 
duce a reddish shade ; iron, a blackish green, 
very prejudicial to the brighter-coloured smalts ; 
manganeso violet, nickel violet, but less intense ; 

a cT, zinc, bismuth, and antimony, dull 
es. 

The composition of smalt vanes consider- 
ably ; the silica is usually from 56-70 p c. ; 
potash, 12-22 p.c. ; and cobalt, 6-16 p.c. Tho 
following analyses by Ludwig (J. pr. Chorn. 1850, 
51, 129) are typical : — 
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Smalt is a very permanent blue pigment, 
largely employed for the production of blue 
colours with vitreous substances and in painting, 
both for delicate and coarse work. It was 
formorly much used for colouring starch, paper, 
&c., but for this and many other purposes it is 
now almost superseded by the far less per- 
manent artificial ultramarine. 

Cobalt yellow consists of potassium cobalti- 
nitrite, prepared by tho addition of potassium^ 
nitrite to a solution of a cobalt salt acidulated* 
with acetic acid. Its composition varies with 
the proportions used and the strength of the 
solution. Erdmann and Sod tier state that when 
precipitated from a solution containing much 
acetic acid it consists of K 3 ('o(N0 2 ) a with a 
variable amount of water. 

Cobalt yellow is a bright yellow crystalline 
powder, very free from impurities, unacted upon 
by cold water or cold acids, and but slowly 
blackened by sulphuretted hydrogen. 

It forms a fine pigment for artistic purposes. 
When used for painting porcelain it produces the 
usual blue colour on baking, which, on account 
of the purity of the substance, is of great beauty. 

Salts of cobalt. The soluble salts of cobalt 
are prepared by solution of tho oxide, carbonate, 
or metal in the various acids. They are gene- 
rally pink and deliquescent, forming pink solu- 
tions when dilute, but when dried, or in con- 
centrated solution, they are blue. For thiH 
reason, solutions of nitrate and other salts of 
cobalt are used as sympathetic inks, such writing 
being almost invisible until brought near a fire, 
when the letters appear blue. They gradually 
'reabsorb moisture and again become invisible. 
They arc largely used for neutralising the 
yellow colour of porcelain, and giving a pure 
white body, the porous clay being for this 
purpose soaked in solution of cobalt salts. 

When ammonia is added to a solution of a 
cobalt. Halt, oxygen is absorbed, giving rise under 
various conditions to many complex senes of salts 
containing ammonia and different, oxides of cobalt. 

Cobaltous hydroxide is obtained by adding 
an alkali t,o a solution of a cobalt salt either as 
a blue or red precipitate depending upon the 
proportion of alkali. The red modification is 
more reactive than the blue compound : they 
are regarded by Hantzsch as ‘ chromo-isomeric ’ 
modifications (Zeitsoh. anorg. Chem, 1912, 73, 
304). 

Cobaltous chloride CoCl 2 is prepared by dis- 
solving the oxide or carbonate in hydrochloric 
acid, and 'evaporating the solution. According 
to tho temperature at which it Crystallises, it may 
contain 6, 4, or 2 molecules of water of crystal- 
lisation, the latter at the higher temperatures. 

Cobaltous chloride is soluble in water or 
alcohol. A strong solution, or a weaker solution 
containing strong hydrochloric acid, is of a blue 
colour. 

Cobaltous sulphate CoS0 4 ,7H 2 0 is prepared 
by solution of the oxide or carbonate in dilute 
sulphuric acid. It crystallises in red crystals, 
isoniorphous with magnesium sulphate, soluble 
in 24 parts of cold water. 

Cobaltous nitrate Co(N0 3 )„f>H.O is a red 
deliquescent crystalline salt prepared by dis- 
solving the oxide in nitric acid. It is very 
soluble in water, the solution being used as a 
reagent in blowpipe analysis. 
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Combinations of cobalt, as rosinate, oleate or 
linoleate, tunguto, oloo-resinate and resino- 
tungate, are employed as driers. (See Krauas, 8th 
Int. Cong. Appl. Chem. 1912, 12, 127 ; Joum. 
Soc. Chem. Ind. 1912, 31, 938.) 

Cobalt Carbonyls. Cobalt forms two car- 
bonyls : , the tetracarbonyl Co^(CO) 8 , and tho 
in carbonyl Co(CO) g . 

Cobalt ' tetracarbonyl. This compound is 
jropared as follows : cobalt oxalate is care- 
ully heated until completely converted into the 
oxide. It is then washed fret) from traces 
of chlorides which hinder the formation of 
tho carbonyl, and dried at 120". The oxide 
is placed in the apparatus described under 
‘ carbonyls,’ and reduced to cobalt by means of 
hydrogen, at a temperature of 300° and a pres j 
sure of 5 atmospheres. After the reduction, the 
hydrogen is displaced by carbon monoxide, the 

I measure being increased and the temperature j 
owered For the production of the carbonyl, j 
a minimum pressure of 40 atmospheres and a 
temperature of 150" is needed, and at pressures | 
up to 250 atmospheres and temperatures between 
150" and 250°, varying quantities of the carbonyl 
are collected m a tube attached to the outlet 
of the apparatus, and immersed m a freezing 
mixture. 

The tetracarbonyl forms orange-coloured 
crystals of sp gr 1-73, winch melt at 51", and 
decompose above that temperature. 

The molecular formula is CoJCO),*. The 
compound is insoluble m water, but is soluble 
in most organic solvents, and in nickel tetra- 
earbonyl. It is not attacked by aqueous aeuls 
but concentrated acids and the halogens decom- 
pose it, forming the corresponding salt, carbon 
monoxide, and hydrogen 

IM( , 0) 4 +H 2 S0 1 =CoS0 4 +4CO+H 8 
Jn contact with an 1 a deep violet-coloured 
compound is formed, which is most probably a 
hydrated basic carbonate. The crystals are 
best preserved m a sealed tube m an atmo- 
sphere of hydrogen or carbon monoxide. 

When the tetracarbonyl is heated at (50°, 
one quarter of the carbon monoxido is evolved at 
a regularly decreasing rate, leaving a compound 
having the formula C<>(CO) 3 in the form of black 
cobalt and carbon monoxide, no mtcrmcdiato 
product being formed. 

When the tetracarbonyl is heated at 100°, 
one quarter of the carbon monoxido is evolved 
almost instantaneously, the rest coming off very 
irregularly and comparatively slowly (Mono, 
Hirtz, and Oowap, Chem. Soc. Trans. 1910, 
97, 798). 

COBALT BLOOM. Erythntc ; Hydrated co- 
balt anemic (e. Co halt). 

COBALT BLUE or THENARD’S BLUE v. 

Cobalt. 

COBALT BRONZE v. Cobalt. 

COBALT GLANCE. Sidpharscnidc of ^cobalt 
{v. Cobaltine). 

COBALT GREEN or RINMANN’S GREEN 

v. Cobalt. 

COBALT PYRITES v. Cobalt. 

COBALT SPEISS v. Cobalt. 

COBALT ULTRAMARINE or COBALT BLUE 

v. Cobalt. 

COBALT YELLOW v. Cobalt. j 

C0BALTITE (or Cobalt-glance). Sulpharsenide 


of cobalt, CoAsS, containing Co 25-35 p.c. with 
Fe 2-5 p.c. It frequently occurs as well- 
developed crystals, fine specimens coming from 
Tuna berg and H&kansboda in Sweden and 
Skutterud in Norway ; these are cubio with 
parallel homihodrism and with the same 
characteristic form as crystals of the isomorphous 
mineral iron-pyrites. Granular and compact 
masses also occur. The colour is tin-white with 
I a roddisli tmge and a brilliant metallic lustre ; 
the streak is gieyish- black. Sp.gr. 6 ‘2, hardness 
51 A bed of pure eobaltite averaging 0 - 2 metre 
in thickness occurs at Dashkessan, govt. Tiflis, 
Caucasus. In tho Cobalt area of Ontario massive 
eobaltite and small crystals are present with the 
raoro abundant smaltitc. Under the name 
schta the mineral, found at Kberti in Rajputana, 
is used by tho Indian jewellers for producing 
a blue enamel on gold and silver. L J. S. 

COCAINE AND THE COCA ALKALOIDS. 
The coca leaves of commerce are derived from 
Eiythtoxi/lon coca (Cam ) (Bolivian or Huanuco), 
E. coca var. novoymnatnisc (Morris) and E. 
triixiUmse (Rushy) (IVruwan or Truxillo coca). 

Coca was mtioduced into Ceylon in 1870, and 
later into India, but whilst production in Ceylon 
attained eonsideiable proportions, the Indian 
supply was never of commercial importance. 
Subsequently, cultivation was taken up in 
.Java where, after considerable initial diffi- 
culties, production attained large proportions 
constituting about 45 p.c. of the world’s supply, 
the remainder being produced m South America, 
Cultivation was stopped in Ceylon in 1915 by 
order of the Government. 

Coca leaves contain alkaloids of four typos : — 

1. Cocaines; alkyl acyl derivatives of eego- 

nine. 

2. Acylccgonmes ; acyl derivatives of eego- 
mnc. 

3 if-tropemes; acyl derivatives of if-tropine. 

4. Hygnnes. 

The first and second types can be used as 
commercial sources of cocaine, since on hydrolysis 
they yield ccgonmo which by bcnzoylation and 
methylation yields cocaine. Tho coca leaves 
derived from South America contain up to 
1 ]> e. of ether-soluble alkaloids (mostly cocaine), 
wlidst Java leaves contain up to 15 p.c., or 
sometimes more other-soluble alkaloid of which 
little or none is cocaine. 

Estimation of total alkaloids in coca leave a.- — 
The following proeoss is given in the United 
States Pharmacopoeia, 8th ed. : 10-grms. of coca 
leaves in No. (50 powder are mixed with 50 c.c. 
of a mixture of chloroform 1 vol., ether 4 vole., 
in a stoppered Erlcnmeyer flask and sot aside 
during 10 mins. Two c c. of ammonia solution, 
diluted with 3 c.c. of wator, are then added, and 
the flask shaken at intervals during 1 hour. A 
small glass percolator with the lower end ob- 
structed by a wad of cotton wool is then placed 
in tho neck of a separating funnel containing 
6 c.c. of N-sulphuric acid, diluted with 20 c.c. 
of water, and the contents of the flask poured 
mto the percolator. When all the liquid has 
passed, the contents of tho percolator are packed 
in firmly by moans of a glass rod, and then the 
flask is rinsed out with 10 c.c. of the chloroform- 
other mixture, followed by several successive 
waslungs with 5 c.c. quantities of the same 
mixture, the percolation being continued with 
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this liquid until 50 o.c. have been used in all. 
The separator is now shaken during one minute, 
the aoid liquid drawn off, and tne extraction 
repeated twice, using each time 10 c.c. of acid 
(6 c.c. N-acid with 20 c.c. of water) ; tho com- 
bined acid liquors arc made distinctly alkaline 
with ammonia solution and tho alkaloids ex- 
tracted with successive portions of ether (25, 
20 and 15 c.c.). The other is allowed to evapo- 
rate spontaneously, and the residue dissolved in 
4 c.c. of N/10 sulphuric acid, and the excess of 
acid determined by N/50 potassium hydroxide 
using cochineal or iodeosin as indicator. This 
process givesthe amountof ether-soluble alkaloids 
in the drug. No satisfactory process is yet 
available for the estimation of cocaine m the 
1 total alkaloids.’ 

Estimation of Ecgomne in total alkaloids — 
The total alkaloids from 15-grm. of leaves are 
boiled for 1 hour with 80 times their weight of 
dilute hydrochloric acid ; the mixture is cooled, 
extracted with ether, evaporated to dryness and 
the residual eegonine hydrochloride weighed 
((Ireshoff, I ’harm. Weekb 1907, 44, 901) 

Cocaine t; 17 H 21 0 4 N occurs to a variable 
extent in the different varieties of coca leaves 
(we above). 

Preparation —The coca leaves are exhausted 
by maceration and agitation with a mixture of 
aqueous sodium carbonate and petroleum, 
whereby tho cocaine with civvamyl cocaine , &c , 
passes into solution m the petroleum. The 
latter is shaken with dilute hydrochloric acid, 
when cocaine hydrochloride crystallises out 
and is collected, pressed and dried. This crude 
salt is purified by solution in water, liberation 
of tho tree baso by ammonia, and solution of 
this in alcoholic hydrogen chloride, when the 
hydrochloride crystallises out. Tho motlior- 
liquors contain the other coca alkaloids If 
Java coca leaves are used, the coca alkaloids 
other than cocaine alone are obtained, and these 
and tho residual coca alkaloids referred to above 
are converted into cocaine by heating with boil- 
ing hydrochloric acid and pouring into water, 
when tnucdhe and cinnamic acids separate and 
may be filtered off. The filtrate is concentrated 
until eegonine hydrochloride crystallises out. 
The eegonine is recovered and then benzoylated 
and methylated in turn to produce cocaine. 

Tho crude cocaine manufactured in Peru 
and imported to Europe for the preparation 
of cocaine salts is obtained by extracting the 
leaves with 0'5 p.c. sulphuric acid, making the 
filtrate alkaline with sodium carbonate and 
extracting with petroleum. The latter is again 
shaken out with dilute sulphuric acid and the 
orude alkaloid precipitated from this as a whiff, 
bulky powder by sodium carbonate. The 
powder is washed with water and dried by ex- 
posure to air for export. 

Prope rties . — Monoclinic prisms, m.p. 98° ; 
at higher temperatures it sublimes with de- 
composition. Loovorotatory [ oId — 15-8° ; 
slightly soluble in cold water, more soluble in 
hot -water, by which it is slowly hydrolysed. 
Soluble in alcohol, ether, benzene, light or heavy 
petroleum, or carbon disulphide. The aqueous 
solution is alkaline to litmus, has a bitter taste 
and produces a tingling and numbness of the 
tongue and lips, or, more generally, local 
annethesia of the surface to which? it is annlied. 


COCA ALKALOIDS. 

On this account it is largely employed in minor 
surgical operations, although m recent years 
it has been replaced to some extent by synthe- 
tically prepared anaesthetics, such as benzamine 
(/8-cueame), stovaine, novocaine, &c. Tho 
alkaloid also causes dilatation of the pupil of the 
eye, but is not so powerfully mydriatic as some 
of tho solanaceous alkaloids. When adminis- 
tered internally in small doses it acts as a 
stimulant, and diminishes the feeling of fatigue* 
consequent on muscular exertion. Coca leaves 
have long been known to possess this property, 
and m places where the plant is abundant, a 
mixture of lime and coca leaves is chewed by 
the natives before engaging m severo exertion. 
Larger doses of the alkaloid are poisonous. 

The ordinary salts of cocaine are crystalline. 
Tho hydrocldot ide, which is tho salt used in 
medic. me, forms while micaceous scales, possess- 
ing a characteristic lustre, or as white needles, 
readily soluble in water. The chromate B ri ./'r() 4 , 
Il 2 () is thrown down, as a pale-yellow precipi- 
tate when potassium chromate is added to an 
acid solution of the hydrochloride. This salt is 
very slightly soluble in cold water, m p. 127°. 
The ala ichlortde BHAuC 1 4 *is crystalline and 
spaungly soluble' in water. When aqueous 
mercuric chloride is mixed with a solution of 
cocaine hydrochloride a bulky precipitate of tho 
mereurichloride B*HCl'Hg('L.2H 2 () is formed. 
This salt may be crystallised" from alcohol, m.p. 
124°. 

rf-(loeaino, m p. 40°. was obtained by Liobor- 
rnann and diesel (Ber. 1890, 23, 508, 926) from 
coca leaves, but was probably formed by the 
racemisation of 1 -cocaine by the action of 
alkalis ; it has been synthesised from d-eegonine. 
(//-Cocaine, m p. 80°, was prepared from dl- 
eegomne by Willstatter and Bode (ibid. 1901, 
84, 1457). ‘ 

Detection.— In isolating cocaine, the aqueous 
solution should not be heated for any length 
of time, and not at all in the presenco of acids 
or alkalis. For the liberation of the alkaloid 
from its salts, ammonia, and not caustic alkalis, 
should be employed. Cocaine may be detected 
by its characteristic action on the tongue (see 
above). The following reactions are useful for 
tho detection of the alkaloid : One c.c. of a 3 p.c. 
solution of potassium permanganate gives a 
violet precipitate with 0’01 grm. of the hydro- 
chloride dissolved in two drops of wator (Chom. 
Zeit. 1886, 10, 71 ; Amor. J. Pharm. 1911, 83, 
195-201, 265-268). The hydrochloride heaJtcd 
with alcoholic potash gives off an odour of 
methyl benzoate. When moistened with nitric 
acid, the mixture evaporated to dryness and 
alcoholic potassium hydroxide added, a charac- 
teristic peppermint odour is produced. 

The most important criteria of purity of 
cocaine hydrochloride are the m.p., the per- 
manganate test, and tho ammonia test. 

The m.p. of cocaine hydrochloride varies 
with tho rate of heating. When inserted into 
a bath previously heated to 195° and the tem- 
perature then slowly raised, it melts at 201°- 
202° ; when 3 drops of N/10 solution of potas- 
sium permanganate are added to 0d grm. of 
oocaine hydrochloride in 5 c.c. of water contain- 
ing 3 drops of dilute sulphuric acid a purple colour 
is produced, which should show no diminution 
in shade in half an hour. If 0*1 grm. is dissolved 
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in 100 c.c. of water, 0*25 o.o. solution of 
ammonia added and the mixture sot aside 
15 minutes, the side of the boaker being occasion- 
ally gently rubbed with a glass rod, a crystalline 
deposit should be formed leaving the supernatant 
liquid clear (limit of amorphous alkaloids). 

Bear liom and Conslihthon. — Cocaine exhibits 
most of the general reactions of the vegetable 
alkaloids. When boiled with water it is gradu- 
ally hydrolysed into methyl alcohol and 1- 
benzoylecgonine {sec below) 

C 17 II 21 0 4 N+H,()=C 16 H 1# 0 4 N hCH ; ,OH 
(Paul, Pharm. J. 1887-1888 [ui.] 18, 781; 
Einhom, Her. 1888, 21, 47), and the same change 
gradually occurs if the alkaloid remains in 
contact with an alkaline liquid. With alkalis 
or mineral acids methyl alcohol and bcnzoylecgo- 
nino are first formed, hut the latter undergoes 
further hydrolysis into benzoic acid anil 1-ecgo- 
nine (see below). 

C, 7 H, 1 Q 4 Nd-2H.,0 

= CII jOH 1- C 7 H B 0 2 + C B I1 i 5 0 ;1 N 

Natural cocaine is therefore methylbenzoyl- 
1 -eegomne 

l-Ecgonlne C 9 H 16 0,N. This base does not 
occur as such in coca leaves, but is the ultimate 
basic product of hydrolysis of cocaine, cmnamyl- 
cocaine, the truxillmes and benzoyloogonme. 
It crystallises from dry alcohol in monochnie 
prisms with IH/), in p 140°, or I98°-199° 
(anhydrous) ; laevorotatory. It is readily 
osterified by alcohols yielding a senes of alkyl 
esters, and by acid chlorides or anhydrides, 
giving the aeylecgonmes from which the eorre- 
sponding ‘ cocaines ’ are obtained by alkylation 

Eegomne is now known, principally as tho 
result of the researches of Emhorn, Liebormann, 
Willstatter and tlieir collaborators (.sec below), 
to be closely related to tropine, tho ultimate 
basic hydrolytic product of atropine and 
hyoscyamine, and may be regarded as tropino- 
d-earboxylu; acid lOcgonine and its most im- 

I iortant derivative 1 -cocaine may be represented 
>y the following formula* : — 


CH a — CH — ( !HC0 2 H 
1 I 

NMo CH OH 

I I 

CH 2 — CH — CK 2 

Ecgonine. 


CII., — CH — CHC0 2 Me 
I “ I I 

NMo CFPOJlz 
! i i 

CH k — CH — 0H a 

Cocaine. 


Some of the chief papors bearing on tho con- 
stitution of ecgonine are : Emhom, Bor. 1889, 
22, 399 ; 1890, 23, 1338 ; 1893, 20, 324 ; 1894, 
27, 2823 ; Annalen, 1894, 280, 90 ; Liebormann, 
Ber. 1890, 23, 2518 ; 1891, 24, 006 ; Willstatter, 
ibid. 1897, 30, 702 ; 1898, 31, 1540, 2500, 2655 ; 
1901, 34, 519 ; Annalen 1903, 326, 79. 

1-Benzoyleogonine Ci # H 19 0 4 N is the first 
product of the hydrolysis of cocaine ; it occurs 
in coca leaves from which it was isolated almost 
simultaneously' by Skraup (Monatsh. 1885, 6, 
556), and by Merck (Ber. 1885. 18, 1594). Tho 
base crystallises from water in needles, m.p. 
86° (anhydrous 195°), and is hydrolysed by 
hydroohloric acid to benzoic acid and ecgonine. 
On methylation it furnishes cocaine. 

1-CInnamylcocaine 0 19 H, 3 0 4 N. This alka- 
loid is now known to occur in all varieties of coca 
leaves,, bat is found in largest proportion in the 
Java leaves, whence it was isolated by Giesel 


(Pharm. Zeit. 1889, 34, 516). It forms needles, 
m.p. 121°, from benzene on addition of light 
petroleum. Lcevorotatory. On hydrolysis it 
furnishes cinnamic acid, methyl alcohol, and 
1-ocgonine, and is therefore methyloinnamyl-1- 
eegomne. The d-isomeride has been prepared 
(Einhorn and Dockers, Her. 1891, 24, 7). 

Truxillines 0 3q H 4( i0 8 N 2 . Two of these, a- and 
/3-, occur in coca leaves ; the former is methyl- 
a-truxillyl-1 -ecgonine, and tho second the 
corresponding j8-truxillyl compound (Hesse, 
Pharm. Zeit. 1887, 32, 407, 668; Liebormann, 
Ber. 1888, 21. 2342 ; 1889, 22, 130, 680). They 
are amorphous, and, according to von Liebrcich, 
aro heart poisons, and exert no local anaesthetic 
action. 

Tropacocaine (Benzoyl i|/-Tropcine) (! 1B H 18 ON 
was isolated by Giesel (Ber 1891, 24, 2336) 
from Java coca leaves. It crystallises from 
ether, has m p 49°, is optically inactive, 
distils unchanged. Tho salts are crystalline, 
the hydrochloride melting at 283° and the 
aunchloridc at 208°. On hydrolysis tropaco- 
caino furnishes benzoic acid and >J/-tropine, 
and it may be prepared synthetically by tho 
benzoylation of ^-tropine (Liebormann, ibid. 
1891, 24 . 2336, 2587 ; 1892, 25, 927) ; the latter 
is a physical isomeride of tropine, and has been 
synthesised by Willstatter (Ber. 1896, 29, 936 ; 
1901, 34, 129, 3163). who assigns to it tho 
same structural formula as to tropine, and 
states that since tropine and pscudotropino are 
optically inactive the isomerism appears to be 
of the ns-tiam type, a view subsequently con- 
firmed by Barrowcliff and Tutin (Ohem. Soo. 
Trans 1909, 95, 1970). Tropaeoeaine, like the 
pseudotropemes as a class, is almost devoid of 
mydriatic action, but like cocaine is a local 
anaesthetic, though the effect is more transitory. 

Hygrines. — These secondary alkaloids were 
discovered by Los, sen in Peruvian coca leaves 
(Annalen, 1862, 121, 374; 1865, 133, 352), and 
investigated by Liebermann and collaborators 
(Ber. 1889, 22, 676; 1891, 24, 407 ; 1893, 26, 
851 ; 1895, 28, 578 ; 1896, 29, 2050 ; 1897, 30, 
1113), who showed that Lossen’s supposed 
homogeneous material contained two liquid 
alkaloids, one boiling at 193°- 195° and having 
the formula 0 8 H U ON, which makes it isomeric 
with tropine, and a second having the com- 
position C w H 24 ON 2 , bp. 215°, under 50 mm. 
pmssure. The low boiling alkaloid is that now 
known as hygrinc. Willstatter and Ettlinger’s 
synthesis of hygrinic acid shows that hygrino 
probably has tho following constitution (Annalen, 
1903, 326, 91) 


MeN< 




-CH a 

I 


CH(CH 2 -CO-Me)-CH 2 
From ‘ cusco ’ loaves Liebermann and Cybulski 
isolated a third substance of this type, viz. 
cmcohygrive C 13 H 24 ON 2 , b.p. 185° under 32 mm. 
pressure, which forms a crystalline hydrate 
B,3|H a O, m.p. 40°. It probably has the con- 
stitution (L. a. C., Ber. 1895, 28, 578) — 

CH a — CH 2X /CH*— CH g 

| >CHCH 8 ’CO*CH.‘CH< 

CH 2 -NMe x X N 


^NMe-CHj 
8 . 8 . 


COCAETHYTIN, Trade name for the ethyl 

ester of benzoylecgonine. 
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COCATANNIC ACID v. Tannins. 

COCCINE V. AzO- COLOURING MATTERS. 

a-COCCINIC ACID, COCCININ, v. Cochineal. 
COCCULIN v. Picrotoxin. 

COCCULUS INDICUS or INDIAN BERRY is 

the fruit of the Anamiria pamcvJata (Colobar), 
[A. Gocculus (Wight and Arnott)] nat. ord. 
Menispermaceoe, a tree growing upon the coasts 
of Malabar, Ceylon, &c. The Derry is about the 
size of a largo pea and of a dark-grey colour 
It possesses strong poisonous and narcotic 
qualities from the tact of its containing about 
one-liftieth part of its weight of picrotoxin, and 
has been employed to increase the bitterness as 
also tho inebriating effect of beer It is, how- 
evor, exceedingly deleterious to health, and the 
use of it for this purpose has been prohibited by 
tho Legislature under heavy penalties. 

Besides picrotoxin, Schmidt and Lowenhardt 
(Bull. See. enim. 14, 817) obtained from the seeds 
cocculin C J9 H a6 O 10 , crystallising in white noodles, 
sparingly soluble in hot water, insoluble in cold 
water, alcohol and ethor. It is probably identical 
'with Barth and Kretschy’s anamntin C, # H sl 0 10 
which they icgai (led as a constituent of picro- 
toxin. 

Corcidm in<hcus berries contain mans per - 
mine, paramenispermine, and picrotoxin (v 
Picrotoxin). 

COCCUS CACTI, C. ILICIS, C. LACCAL, v. 

Cochin bad. 

COCHIN CHINA WAX r. Waxes. 

COCHINEAL. This important natural dye- 
stuff, which, in its native country, Mexico, was 
used as a dye and cultivated by artificial means 
at a remote period of history, was for a long time 
considered to be of vegetable origin. Cochineal, 
however, consists of the dried body of an insect, 
the Coccus each, which lives upon a species of 
cactus (the No pale a coccmellifcra (8. -Dyck) or 
Nopal), a plant which is found in the wild 
condition, but which, for the sake of tho insoet, is 
cultivated in gardens which are termed Nojutleries. 
The collection of the insects takes place beforo 
the commencement of the rainy season, and they 
are then brushed either into straw baskets or 
into basms of tinned iron A number of insects 
are left upon each plant, and a new generation 
is produced, which is again gathered at a 
suitable poriod. The insects are killed by 
immersion in boiling wator, or are onelosed in 
a linen bag and placed in an oven ; by tho latter 
process the peculiar white down covering tho 
insect is preserved, but in the former cose is lost. 

In Mexico and Central America two varieties 
of cochineal are known — the home-grown, or 
fine cochineal ( granafina ), and the wild, or forest 
coohineal ( qrana silvestra). The former is more 
valuable than tho latter, and is richer in colouring 
matter. Since 1830 tho cultivation of cochineal 
was introduced into Spain and the Canary 
Islands, Algeria, and Java, but the most pro- 
ductive of these newer plantations were those 
of Java. Since the discovery of the coal-tar 
colours, the consumption of cochineal as a dye- 
stuff, has gradually decreased, and at the present 
time it is only employed in a minor degree. 
According to Liebermann, coohineal contains 
about 10 per cent, of colouring matter (Ber. 
18, 19). 

Carminic acid, the colouring matter of cochi- 
neal, was first isolated by Pelletier and Caven- 


tou (Ann. Chim. Phys. (2), 8, 250), and was 
subsequently examined by Preisser (Annalen, 
52, 375 ; J. Pharm. Chim. (3), 5, 191) and Arnpe 
(Annalen, 55, 101) ; but Warren de la Rue 
(ibid. 64, 1) was tho first to isolate this substance 
in a pure condition, and described it as a purple- 
brown mass, which, on grinding, yields a Bright- 
red powder, easily soluble in water and alcohol, 
but not in ethor. The mean of his analyses 
gave 54 13 p.c. of carbon, 4 -62 p.c. of hydrogen, 
and 41*25 p.c. of oxygen (by difference), and 
from these figures ho deduced the formula 
C 14 H 7 O fl or (C m H 7 O s ), 

Schutzenbergcr (Ann. Chim. Phys. (3) 54, 
52), on the other hand, was tho first chemist who 
succeeded in obtaining carminic acid m a crystal- 
line condition. He precipitated tho colouring 
matter, from an aqueous cochineal extract, in 
the form of its lead compound, suspended this 
m water, and decomposed it with sulphuretted 
hydrogen. The* carminic acid thus liberated 
dissolved in the water and was recovered from 
this solution by evaporation at a low temperature. 
Tho product, dissolved in alcohol, was treated 
with ether to preoipitato certain impurities, and 
the liquid partially evaporated, when, on cooling, 
a crystalline mass was obtained, which Schutzen- 
borger considered to consist of two substances, 
carminic acid, (J fl H R 0 5 , and oxycarminie acid, 
0 9 I1 8 0 # , tho latter being distinguished by its 
solubility in ether 

Sehaller (J. 1864, 410), who prepared car- 
minic acid by tho same method, assigned to it, 
however, the formula C^HgO,,,. 

Tho work of Hlasiwetz and Grabowski (An- 
nalen, 141, 329) indicated that carminic acid 
was a glucoside which could be decomposed into 
asugar and a nowcolounng matter, carmine, red — 

C 17 H 18 O 10 +2H a O=C n H ia O 7 +C 8 H 10 O 8 

Oarminio acid Carmine red. Sugar, 
but according to Liebermann (Ber. 18, 1969 ; 
Will and Loymann, ibid. 18, 318 ; and Von 
Miller and Rohde, ibid. 26, 2647), this is in- 
correct. 

Coccinin, according to Hlasiwetz and Grabow- 
ski, is produced when carminic acid is fused with 
caustic potash. It crystallises from alcohol in 
straw-yellow needles or leaflets, dissolves in 
alkalis with a yellow colour, whioh, by air 
oxidation, develops first a green, then violet, 
and, finally, a purple tint. The analyses of this 
substance wore in agroomont with the formula 
0 ]4 H n 0 5 . • • 

Itiificoccin . — By heating carminic acid with 
sulphuric aoul to 130°-140°G., Liebermann and 
van Dorp (Annalen, 163, 105) obtainod a new 
colouring matter ruficoccm, C 1# H, 0 O 6 , and this 
consisted of a bright-red powder, sparingly 
soluble in hot wator and ether, with a greenish- 
yellow fluorescence. On distillation with zinc- 
dust, it yielded a colourless crystalline hydro- 
carbon, C 1# H la , melting-point 183°-188°C., from 
which, by oxidation, a quinone molting at 250° 
C. could bo produced. 

Fiirth, somewhat later (Ber. 16, 2169), 
prepared the same hydrocarbon by the distil- 
lation of both cochineal carmine and coocinin 
with zinc-dust. 

Ruficarmine, C, # H 12 0 6 , can be obtained, 
according to Liebermann and van Dorp, by 
heating carminic acid with water in a sealed 
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tube at 200°C. It consists of a carmine -red 
powder, easily soluble in alcohol. 

In view of the uncertainty existing as to the 
percentage composition of carminicacid, Schunck 
and Marseille, wski (Her. 27, 2980) submitted this 
substance to an elaborate process of purification, 
and using in their operations as low a tempera- 
ture’ as possible, obtained a product which crystal- 
lised from alcohol in red prismatic needles 
Their analyses agreed closely with that required 
by the formula (J„H 12 0 8 . and the percentage 
composition approximately with the figures 
|iven by Warren do la Rue, and also by Sohutzen- ^ 

Cr ()n the other hand, analyses by Miller and | 
Rohde (Bor 30, 1702) pointed to the formula 1 
(', ,il n 0 7 or ((l 12 H n 0 7 ),, but according to the , 
more recent work of Liebcrmann, Tlonng and | 
Wiedormann (Bor 1900. 33. 149). it now appears , 
that the correct formula for earmitnc acid is | 

( 22 The most simple method of purification of j 
carininie acid is that devised by Miller and | 
Rohde. A solution of the crude colouring j 
matter m five times its weight of water is diluted j 
with four times its volume of acetic acid. I lie j 
filtered liquid, on standing over sulphuric acid | 
gradually deposits the carmimc acid in a crystal- i 

line condition. , ' 

Carmimc acid crystallises in red prisms, easily 
soluble! in water and alcohol, with a purple -ted 
colour. It possesses no melting-point, hut 
darkens at 130°, and at 250° becomes quite black. 

By the action of alcoholic potassium acetate, 
carmimc acid (Porkm and Wilson, ('hem. Soc. 
Trans. 1903, 83, 139) yields two potassium salts, 

Vl/ Monopotassium rarmwatc (!.,,B 21 0 1S K, 
which is rod coloured ; and 

lit potassium, car nan air, L 2j >IL ft Oi :j K 2 , soluble 
in water with a violet-red colouration. 

Jiexabmzoylcarmmic acul ( 7^ 5 u /6« 
obtained by digesting carmimc acid with ben- 
zoyl chloride (Liebcrmann, Tlonng and Wieder- 
mann), is an orange-coloured powder, easily 
soluble in benzene „ n /,< t-t m 

Odacetylcarmtnic acid 

crystallises in golden-yellow needles, melting- 
point 155°-165°, and is readily prepared by the 
action of acetic anhydride in presence of zinc 
chloride or sulphuric acid on carmimc acid 
(Miller and Rohde). 

Constitution of Carmimc Acid.—Nitrococcvmc 
acid, was obtained by W. de la Rue from carmimc 
aoid by the prolonged action of boiling nitnc 
acid. It was subsequently studied by v. Kosta- 
necki and Niomentowski (Ber. 18, 250), and 
was found to be identical with the tnmtrocreso- 
tivic acid, of the following constitution : 

OH 9 

no 8 /\no 2 

OR^yCOOH 

When carminic acid dissolved in 50 p.c. 
acetic acid is treated with an excess of bromine, 
and the solution digested at the boiling heat, 
two substances, known as a- and £-bromcar- 
mines, are produced (Will and Leymann, Ber. 
18 3180). 

* a-Brotncarmine C x0 H 4 Br 4 O 3 , the more spar- 


ingly soluble substance, crystallises in colourless 
needles, and melts at 247°-248 c ,' with decom- 
position. When oxidised with potassium per- 
manganate in alkaline solution, it gives dibrom - 

methylhydroxyaldrhydobenzoic acid 

CH 3 

Br/V-COH 

(>hI s/ J-oooh 

Br 

and d 1 brommethylh yd roxyphthali c an hydride— 


CH ; 

Br/V- CO 


Oil 


10 ' 


\0 


Br 


On treatment with hot caustic soda solution, 
o-hromearmine vields, in addition to a purple- 
ivd colouring matter, dibrommethylhydroxy- 
phthahe acid, and hronwform (Miller and Rohde) 
As a result of this reaction, these authors assigned 
to rt-hrom carmine the constitution of a methyl-* 
h yd ro rytet / nbrom dilrtohydrnidmc — 

01I 3 


B 

OH^/ 
Br 




for Zincke (Ber 20, 3227 : 21, 2388) had nre- 
viously shown that dibromdikotohydrindeno 
itself— 


CO" 


undor similar treatment yields both phthalic 
acid and hromoform. 

0-Bromearmine (1, ,ll R Br 3 0 4 is obtained as 
a yellow amorphous powder, easily soluble in 
alcohol (Will and Leymann), and is best purified 
by means of its potassium salt. Crystallised 
from acetone, it separates in orange needles, 
melting at 232° (Will and Leymann) or 288° 
(Miller and Rohde). By the action of bromine 
in the presence of 50 p.c. acetic acid solution, 
it is converted into o-bromcarmine. As a result 
of their investigation, Miller and Rohde ascribed 
to j8-bromcarmine the constitution of a methyldi- 
hydroxytnbrom-a-naphthaqumone, possessing one 
of the following formulae : — 

CH 3 O CH 3 O 

b/YV or YY j Br 
OH\ /\/Bi OU^x/OH 

Br O Br O 

This suggestion was supported by the fact 
that bromoxynaplithaquinonc (1), on treatment 
with bromine and caustic soda solution, is con- 
verted into dibromdiketoliydrindene (2) (Zincke, 
loc. at ) — 

ml fr »rrs>. 


Y 


'Br 


\/ 


Additional support for this view was obtained 
by a study of the behaviour of /8-bromcarmine 
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with zino-dast in .alcoholic' solution. Thus the 
aoetyl compound of the reduction product, 
melting-point 206°, gave, on analysis, numbers 
agreeing with those of the acetyl derivative of 
a melhyldibronidiltydroxywpktha hydroqu in one, 
possessing the following formula : — 

CH 3 OH 
Br.' / \' /N \OH 

oh \A/ 

Br OH 

From a consideration of the points above 
enumerated, Miller and Rolulo considered that 
the constitution of carmuuc acid could b<5 
represented by one or other of the following 
expressions : — 

CH S 0 CH 3 O 

v/\ 


OH 1 


Mill 


/ 


OH 


O 


OH 


As, howcvjr, such formula* require C=fi4 - 7 
p c , 11=3 ‘92 p.c., figures which are much higher 
than those given by tho analysis of carmmic 
aoid itself, those authors suggested the addition 
of two molecules of water of hydration, as shown 
bolow — 

OH OH 

CH 3 ' ,/ 

™o:r 

A. 

on on 

A substance of this constitution would 
require C=55 p c., and 11=5 p.c. 

Somewhat later, Liebermann and Voswinkel 
(Bor. 30, 688) studied tho oxidation of carmmic 
acid with alkaline potassium permanganate at 
the ordinary temperature, and in this way 
succeeded in producing two important acids. 

Oochmdlic and , C 10 H„O 7 , crystallises in 
colourless needles, which melt at 224°- 225° with 
evolution of CO.,. It is tri basic, and at 260° is 
converted into hydroxymdhylphihaltc anhydride 
(1). When heated with water m a sealed tube 
at 210° it yields symmetrical crexoimxc acid (2) — 

CH 3 

(D | / V»> 

OH\y — CO / 

CH 3 ch 3 

0 COOH 

COOH 

and in the same manner at a lower temporature, 
170°, gives a-coccmic acid or m-hydroxyuvitic 
acid (3). The constitution of coehenillic acid 
is therefore as follows : — 


CH 3 

0 — COOH 
—COOH 
; COOH 


a-Coccinic acid CaH«0 ( , the second product 
of the oxidation, wnich, as already indicated, 
can also be prepared from coehenillic acid, 
proved to bo identical with the hydroxyuvitinic 
acid of Oppenheim and PfafT (Ber. 7, 929). It 
consists of colourless needles, "melting-point 239°. 

Liebermann (Aid. 30, 1731), whilst agreeing 
with the dikotohydrindene constitution which 
had been assigned to a -brom carmine by Miller 
and Rohde, considered that /3- brom carmine was 
an indone rather than a naphthoquinone de- 
rivative, and could be better represented as 
follows : — 

( ' H »CO v 


OH 


CBr, 


CH/ 


CO— o 

It was probable, indeed, that carminio acid 
itself was a hydrmdeno or bishydnndeno de- 
uvative, and the following constitutions were at 
the time suggested for it — 

(ML, 

,CHOlI 


IK) 1 


COOH 


s ;CHOH 


H1HOH 


OH 


CH 3 CHOH ()|f J1C) CHOH CH 3 
C C 


n/ 


COOH CHOH 


\/\/ 0H 

CHOH COOH 


In a subsequent paper, however, Liebermann 
and Voswinkel (Ber. 37, 3344) consider that 
carnnnic acid is possibly a tdrahydiale of a- 
dtnielhyldihydroxynaphthucevcqvinonrdicarboxyhc 
acid — 

(OH), (OH), 

CH 3 , 0 , ,C\ COOH 

/ w v 


on 


cooiAch / 

I 

OH 


-Oil 


/\/ 

(! ' CH 

(Oiy 


OH 


and it was observed that the dimethyltetrahy- 
droxynaphthacenequinone — 

OH 

""'A / C0 


(Y Y Y> 

v\)Aco/v 

• CH S 

OH 


prepared by those authors not only possessed 
weak ^tinctorial property of a cochineal-like 
character, but in several respects closely re- 
sombled carminic acid itself. 

Rohde and Dorfin idler (Ber. 1910, 33, 1363) 
further examined 0-bromo-carmine, and ob- 
tained results which support the naphthoquinone 
constitution assigned to it by Miller and Rohde 
( loc . cit.), but disprove Liebermann’s contention 
that it is a derivative of indone. By reduotion 
with zinc-dust and acetic acid and subsequent 
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aoetylation, $■ bromo- oarmine giVes the com- 
pound 0 4T II M O,Ur a - — 

OH 3 OCOCH 3 

I I 

CII 3 tX)-0 

I I 

Br U-COCHa 

colourless needles, rn.p. 208°C. 

•Simultaneous hydrolysis and oxidation con- 
verts this into the substance 
CH- 0 


Br- 

HO- 


__/V 

-u 

I 


OH 


Br 0 

orange prisms, rn.p. 258 °C ; and it thus 

appeal's that by the latter treatment an hy- 
droxyl has enteied the qumone nucleus. The 
diacetyl derivative melts at 233’C. When 
distilled with zinc-dust, this product, and also 
j8-bromo-oarnune itself, give naphthalene. 

A valuable contribution to the subject was 
made by Dimroth (Ber. 1909, 42, lbll), who 
studied the oxidation of carminie acid with 
potassium permanganate at 0° in presence of 
sulphuric acid. Tho solution thus obtained 

gave nothing to ether, but on heating for three- 
quarters of an hour at 90°, it evolved carbon 
dioxide, and ether then extracted oarmino/ann. 

Carmmazatm crystallises from water in 
garnet-red needles, decomposing at 240"- 250°. 
It possesses the constitution (1), and is very 
similar to tsonaphthazarin (2) — 

CH 3 O 0 

(1) f / ' V | /X | OH ,4H 3 0 (2) | / Y | 0H 

OH^ /. j(>ll 

COOH O O 

Its alkaline solution when treated with a 

stream of oxygen, is quickly decolourised with 
formation of 5 : U-dicarboxyA-hydtoxy-o-tolylyly- 
ox y lie acid — 

CH, 

| /A \ CO COOK H 
OH\ /—COOH 
COOH 

A further point of resemblance of carmm- 
azarme to ixonaphthazarine is shown by its 
behaviour with nitric acid in glacial acetic acid, 
for whereas the latter gives tetraketotetrahydro- 
naphthalene, the former yields tho analogous 
Cartntnazannqumune crystallising in colourless 
prisms- CH 3 0 

/\/\n 

I I I, 2H 2 0 

OH^/X/' 0 

COOH 0 

and which, when heated with water or acotic 
acid, passes back to carminazarin. 

The intermediate product formed,, by the 
oxidation of carminie acid with permanganate 
at 0° insoluble in ether, and which, on heating, 
is transformed into carminazarin, is tormed by 


Dimroth carminoqtdnone. The constitutions 
assigned to this substance (1) and tentatively 
to carminie acid (2) are given below — 

CH 3 O 


( 1 ) 


OH 1 


\/\/ 

COOH O 


^OH 

"COOH 


' \ 


OH 


CH 3 O 

(2) fY , , 

OH\^/ \ / C J0 lJ u O 7 
COOH O 

Carmuue acid waH, therefore, not a sym- 
metrical compound, and the nature of the group 
CioH w 0 7 was not then determined. At the 
time, Dimroth considered that tho coccintn 
(see above) of Hlosiwetz and Grabowski, and 
which is prepared by fusing carminie: acid with 
potassium hydrate, had probably the constitu- 
tion of a teiuih yd rox ymei h yin a pit ihalcru — 

CH, OH CH 3 OH 

F i r i 

-OH or /Y 


HO- 


V 


ho — 


r 

on 




-OH 


Later, Dimroth (Annalen, JUKI, 399, 1) re- 
examined tins jiroduct m detail, preparing it by 
I fusing carminie acid with caustic potash at 
! I70°-200°C. To it he gave tho formula C 17 H 14 0 6 , 
and described the pale yellow crystalline tetm- 
acetyl derivative , C 17 H ]0 O 6 (CHjCO) 4 , m.p. 242°- 
244 °C. 

When coccinin was oxidised by means of air, 
or oxygen, in alkaline solution (6 p.o. NaOH), 
the colour changes above described occurred, 
and when the puro violet colour had been ob- 
tained, acidification with hydrochloric acid 
yielded a substance cocci none, 0 17 H 12 0 7 , which 
forms dark brown glistening crystals and 
decomposes at 250°C ; it yields a in-acetyl 
derivative, C 17 H „0 7 {C 1H 3 C0) 3 , orange-red crystals, 
m.p.210°C.,and also forms three different barium 
salts (one of which has a composition analogous 
to«thc sodium hydrogen salt of 2 : G-dihydroxy- 
8-methyl-a-naphtho-quinone-3 : 5-dicarboxylic 
acid). Coccmone is reconverted into coccinin 
by reduction with zinc-dust and ammonia ; on 
the other hand, alkaline oxidation by means of 
hydrogen peroxide below 20°C. gives rise to 
j two products, (i) cochemlhc acid, and (ii) an 
; unoxamined acid. 

Dimroth now formed tho opinion that coc- 
j cinin and coccinone are derivatives of anthranol 
I and anthraqijinone respectively, and the position 
, of one of the hydroxy, methyl, and carboxyl 
groups in coccinone is made clear by the pro- 
duction from it of eochemllic acid. To coccinone 
Dimroth ascribes the structure — 

0 CH, 


C,HMe(0H) a / 

\ C /\/ ( 
o dooH 


OH 
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and to coooinin either the structure— 


C„HMe(OH)’ 


OH CH 3 

V' 

( iA/ Lo1 

i i 

II COOH 


O a IlMo(OH) 2 


OH COOH 



When heated with water at 200°— or dilute 
sulphuric acid at 1 70 n C.— coecinone loses carbon 
dioxide, yiekhng decaihoxy-evccmone. to which 
the structure — 


0 OH, 


C^HMelOH), 


N> 


OH 


0 


is given ; it forms red -brown crystals, and dis- 
solves in alkalis to form purple red solutions 
and in eoncentiated sulphunc acid with a blue 
colour which becomes violet on addition of 
boric acid. 

Not only eoccmin, but carrninie acid itself, 
has been further examined by Dimroth (lor. at.), 
and as a result he considers that this substance 
is also a derivative of anthraquinone. He has 
oxidised carmimc aoul by means of hydrogen 
peroxide in aqueous caustic soda, using cobalt 
sulphate as catalyst, and in this way obtained 
in the first instance carminoquinone, but the 
reaction proceeded further with the formation, 
after acidification with 80 p e. acetic acid, of a 
yollow crystalline compound, (' 2a H 1 ;,O ia Nft :{ , 
5H.,(), which, when triturated at 0°C. with 
dilute hydrochloric acid, yielded 2 : 0 -dihydruxy- 
H-mcttiyl-a-waph1hoquuioru- f A : 5-dicarboxylic acid , : 
pale yellow, hygroscopic crystals — 


CH 3 0 


HO- 

MO 0(! 0 


OH 

J— COOH 


Insodium salt, (!i 3 H 6 0 8 Na3,4H.,0, orange 
needles. 

The orientation of this acid has been estab- 
lished by Dimroth by comparison of its colour 
reactions with those of 2 : (i-dihydroxy-a- 
naphthoquinonc, synthetically prepaird by Dim- 
roth and Kerkovius, as also by its conversion 
into carminazarin by treatment with acid per- 
manganate. Moreover, the structure previously 
assigned by Dimroth to carminazarin, viz. 
2:3: 0-trihjdroxy-8-methyl-a-naphthoquinone- 


5-carboxylic acid, has been supported by con- 
version of carmmazarin-quinone — the oxidation 
product of carminazarin — into a diphenaziv, 
C 24 H 14 0 3 N 4 , by treatment with an alcoholic 
solution of o-phenylene- diamine. The product 
crystallises in yellow needles, and yields an 
acetyl derivative , C 2a H 18 0 4 N 4 . 

When 2 : G-dihydroxy-8-methvl-a-naphtho- 
qumone-3 : fi-dicarboxylic acid — the oxidation 
product of carrninie acid referred to above — is 
warmed with water, carbon- dioxide is eliminated 
with the production of 2 : 6 - d i hydroxy- H-methyl- 
a-naphfhoqmucme-5-carboxyhc acid : brown-yel- 
low necdlos — 


CH a 0 



I II 

HOOC 0 


pilassi um salt, 0 12 H,O 6 K, lemon-yellow crystals; 
dipokmium dnmitnr, C i; ,H a O a Ko, orange-red 
crystals. 

This compound when brominated in glacial 
acetic acid at 40° yields a movobrom derivative , 
yellow needles, ro.p. 240°-244°. 

CH 3 O 

I II 

Br-|A /X OH 

I II 

HOOC O 

which on ticatment with hydrobromic acid 
yields a-bumo-mi mm, whilst with bromine in 
cold methyl alcohol, the product is jS-bromo- 
earnnn (Will and Leymann), which proves that 
this body has the structure 


CH 3 0 

I II 

Hr— Oil 

HO l I I— Br 

vV 

I 11 

Br 0 

assigned to it by Miller and Rohde. 

Beyond the above-mentioned decomposition 
products of earminic acid, Dimroth has obtained 
a 5 p.c. yield of hydrocarbons of the anthra- 
cene series by distillation with zinc-dust in an 
atmosphere of hydrogen. After oxidation 
of the mixture of hydrocarbons he isolated 
anthraquinone, and possibly a-methyl-anthra- 
quinone. 

By treatment of earminic acid with boiling 
dilute sulphuric acid, Dimroth has also ob- 
tained a 10 p.c. yield of trihydroxy-methyl- 
anthraquinone carboxylic acid (O ia H 10 O 7 ), 
needles, melting-point above 300°. and this acid 
when heated with water at 230 ’-240°, passes 
into tnhydroxy-methyl-anthraqumone by loss 
of carbon dioxide. 

Dimroth considered the possibility that the 
anthraquinone nucleus is produced during the 
reactions described above, but concluded that 
this is not the case, and that it is present as such 
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both in carminic acid and cocoinin. Dimroth 
formulates carminic acid thus — 


CH a O 



HO OC 0 


On the other hand, C. and II. Lichcrmann 
(Bor. 1914, 47, 1213) bring forward arguments, 
chiefly the smallness of the yield of anthra- 
qumoiie or anthracene derivatives obtained by 
Dimroth, in favour of the view that the anthra- 
cene nucleus is formed durmg the degradation 
reactions. 

Those authors have also re-examined the 
‘ rulieoccin ’ of Liobermann and van Dorp (sex 
above), and conclude that it consists of a mixture 
of trihydroxy-methyl-anthraqumone carboxylic 
acid, and trdiydroxy-methyl-anthraqumoiiy, 
which ls confirmation of the work of Dimroth 
Incidentally they described an /tunic an/tydnde , 
0. 22 H 2 1 | 0 1 2 , preparod by heating carminic acid 
with tluonyl chloride — vivid red powder, re- 
somblmg carnimie acid, though less soluble. 
It is reconverted into the latter by the action of 
aqueous alkalis. 

Technical Preparations of Cochineal . — 
Ammomacal Cochineal — When a solution of 
carminic acid in ammonia is allowed to stand 
for some time, there is formed a new compound, 
which appears to consist of carminic acid m 
which one of the hydroxyls has been replaced 
by an amino group. The formula assigned to 
this substance by Schutzonberger was C # H,N0 4 . 
This roaction, long known, has been utilised for 
the production of a new colouring matter termed 
ammomacal cochineal , or carmi nanude, and this 
comes into commerce either as cakes or in the 
form of a paste. 

The first variety is usually prepared by 
allowing one part of cochineal to stand in a 
closed vessel for throo months with three parts 
of ammonia. The clear liquid is decanted, 
treated with about half its weight of gelatinous 
alumina, evaporated, and when tho mass has 
become thick, it is cut up into cakes and dried. 

The paste is manufactured m a somewhat 
simdar manner, tho ammonia, however, being 
only allowed to react for eight days. The clear 
liquid is then evaporated to about one-third its 
bulk without addition of alumirta (Crookes, 
Dyeing and Calico Printing). 

Ammomacal cochineal dyes much bluer shades 
than cochineal itself, and it is sometimes em- 
ployed in conjunction with the latter. Its uso 
is now vory limited, but it finds some application 
in the blueing of bleached cotton. 

Dyeing Properties of Cochineal . — Cochineal 
has been little employed in cotton dyeing, but 
was very largely used in silk and wool* dyeing. 
It has now boon practically replaced by tho 
azo -scarlets. 

Two shades of red are obtained upon wool 
with cochineal, namely, crimson, which is 
produced by means of aluminium sulphate, 
and a very fiery scarlet , for which stannous and 
sometimes stannic chlorides are employed. 

For crimson, wool is mordanted with alu- 
minium sulphate and tartar, and is then dyed 


in a separate bath with cochineal. The em- 
ployment of calcium salts in the dyeing operation 
is not beneficial. Fairly good shades of crimson 
can also bo obtained by mordanting and dyeing 
in a single bath with aluminium sulphate, oxalic 
acid, and cochineal. For scarlet, wool can be 
mordanted with stannous chloride and tartar, 
and dyed m a separate bath with cochineal. A 
single- bath method, employing stannous chloride, 
oxalic acid, and cochineal, has, however, been 
very largely used for this purpose. On the 
other hand, preparations of stannic chloride, 
known as 1 tin spirits,’ 1 scarlet spirits,’ and 
‘ nitrate of tin,’ are and have been much em- 
ployed by dyers of cochineal scarlet. Though, 
when usod alone, stannic chlondo does not give 
such bnlhant shades as the stannous mordant, a 
mixture of both is considered to be beneficial. 
For very yellow shades of scarlet, yellow colour- 
ing matters can be added to the cochineal dye- 
bath, and of these * flavine ' lias been omployod 
to a considerable extent. 

Cochineal red on wool possesses considerable 
fastness to light, but lias the defect that weak 
alkalis and soap cause it to acquire a duller or 
more bluish shade. 

Wool mordanted with potassium dichromate 
gives with cochineal a good purple colour, 
whereas with forrous sulphate and tartar, 
purplish, slate, or lilac colours can be produced. 
These mordants, however, are not employed m 
praetico A good crimson shade is produced by 
mordanting silk with alum, and dyeing with an 
extract of cochineal. In scarlet dyeing, sdk is 
preferably first dyed yellow, then mordanted 
with ‘ nitromuriate of tin,’ and finally dyed in 
a second bath with the assistance of cream of 
tartar, fcjilk can also be dyed in a single bath 
with cochineal, stannous chloride, and oxalic 
acid A. G. 1\ & A. E. E. 

COCHINEAL CARMINE v. Larks. 
COCHINEAL RED, SCARLET?’ Azo- col- 

OURINU MATTERS. 

COCHINEAL WAX and FAT. The wax is 

obtained by extracting the cochineal with 
benzene, and consists almost entirely of a sub- 
stance- to which Liebermann gave the name 
coccenn. After the removal of the cocoerin, tho 
fat is extracted with ether ; it consists of myristin 
and an oil containing fatty acids. The follow- 
ing are the percentages of coccenn in various 
samples of coclmieal (extracted whole with 
benzene) : 


Silver cochineal 

1*0 

Mexican silver cochineal 

1*7 

Teneriffe silver oochineal 

2*0 

Zaccatille 

0*6 

Teneriffe black cochineal 

0*7-1 *0 

Mexican black cochineal 

1*6 

Granilla . 

4*2 


By powdering tho cochineal before extrac- 
tion, the percentage is increased by about one- 
half, exoept in the case of Grand la, where the 
granules are exceedingly small. The percentage 
of myristin is on the average about 1 *6-2*0, and 
of fluid fat and fatty acids 4*0-6 0, so that the 
average total quantity of wax and fat contained 
in a sdver cochineal is about 12 p.o. After 
recrystallising from benzene or acetic acid, 
coccenn forms thin glistening plates of melting- 
point 106°. It is sparingly soluble in all oold 
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solvents, and nearly incolubte in alcohol and 
ether. IthastheconstitutionCjoH^CaiHuO,)^ ! 
On saponifioation- with alcoholic potash, it gives 
cocceryl alcohol C so H eo (OH)j and cocceric acid 
C 8 iH # 2 0 8 . The alcohol forms a white crystalline 
powder of m.p. 10r-104°. The acid melts at 
93°, and is soluble in hot alcohol, benzene, &c. ; 
its ethyl ether melts at about 70°. The myristin 
C 3 H 6 (00 14 H a7 0) 3 forms colourless crystals of 
m.p. 55°, easily soluble in warm alcohol, Ac. ; I 
on saponifioation it gives glycerol and myristie 
acid UiiHjsOg of m.p. 64°, and b.p J 248° at 
100 mm (J. Soc Chem. Ind. 4, 585). 
COCHINEALIC ACID v. Cochineal. 

COCINIC ACID v. IJkndkcatotc acids. 

COCOA. The cocoa tree is an evergreen I 
shrub, indigenous to Mexico and the tropical 
regions of Central America, whence it was 
introduced into Europe by the Spaniards. It 
belongs to the natural order Stncuhaccm, and 
comprises several species, that most highly 
valued and cultivated being the Theohroma 
cacao , so called by Linnaeus, from 0e<L (gnd) 
and fipS>fjt.a (food), in allusion to the esteem I 
and almost veneration m which the boverage 
prepared from its seeds was held by the natives 
of Central America, and 1 cacao,’ the name by 
wh : ch it was originally known. The seeds were 
used as a kind of money even down to the time 
of Humboldt’s visit to Mexico. 

The tree grows to a height of from 12 to 40 
feet, the average being about 25 feet, but in 

f ilantations it rarely exceeds 1 8 feet It flourishes 
iest in a moist and warm climate, in latitudes 
between 25° north or south of the equator, and 
at altitudes up to 1000 feet. 1 1 is now cultivated 
more or loss extensively m Brazil, Caraccas, 
Central America, Ecuador, Essiquibo, Grenada, 
Guayaquil, Peru, Trinidad, Venezuela, and in 
the West Indies (particularly Jamaica, Dominica, 
and St. Lucia) ; also m Ceylon, the East Indies, 
the Philippines, Mauritius, Madagascar, San 
Thom 6, Gold Coast, Cameroons, and to some 
extent in Australia. 

The cocoa tree begins to bear fruit when 3 
years old, and attains its full productiveness 
when 7 or 8 years old, but a healthy tree will 
bear for 40 or 50 years. Fruit is produced all 
the year round, but harvesting usually takes 
place only twice a year — from February to 
April, and again in October and November. 

The fruit consists of an elongated pod, in 
shape between a melon and a cucumber, measur- 
ing from 5 to 12 inches in length, and from 
2 to 4 inches in diameter, with a thick pericarp 
varying in colour from yellow or red to purple, 
according to the variety. There are from 
20 to 40 or more seods in a pod (though the 
number is smaller in the West Indian varieties) 
arranged in 5 longitudinal rows, and embedded 
in a rose-coloured mucilaginous pulp. When 
fresh they are usually white (some varieties 
purple), and have a bitter taste, but after dry- 
ing and exposure to the air and light they 
aoquire a yellow, red, or brown colour, and 
become hard, brittle, and less bitter. They are 
ovate, oompressed, and about the size and shape 
of haricot beans or olives. 

After removal from the pods, tho seeds or 
beans are either freed at once from adhering 
pulp and dried in the sun (or occasionally by 
artificial means), to produce ‘ unfermented 


cocoa,’ or they are removed to tho * sweating * 
or curing house to undergo a process of fermen- 
tation before drying. Unfermented cocoa is 
distinguished by its pale skin, which separates 
with difficulty from the kernel. Owing to its 
bitter taste, it is suitable only for use in cocoa 
mixtures containing starch and sugar. It is 
quite unfit for chocolate making, and commands 
a lower price than fermented cocoa. 

To produce fermented cocoa, the beans were 
formerly buried in the ground, or in trenches 
covered with plantain leaves, but in order to 
avoid the consequent adherence of earthy matter, 
they are now generally buried in casks or boxes, 
or hoated m piles in sheds, and turned over once 
or twice daily. The temperature rises consider- 
ably during fermentation, and the process re* 
quires great care and skill, as on it the com- 
mercial value of the finished beans chiefly 
depends. 

In the fermentation — for which the optimum 
temperature is 35°-40° — alcoholic fermentation 
is succeeded on the second or third day by 
acetic fermentation ; during the subsequent 
drying, oxidation of the astringent constituents 
occurs. The market value of the seeds varies 
inversely as their tannm content. When the 
seeds contain over 20 p c of moisture butyric 
fermentation often occurs and causes mouldmess. 
Oxidation is most rapid at 50°-f>0°, but must not 
be allowed to proceed too far, or loss of aroma 
occurs. For observations on the fermentation 
of cocoa, sen Brill, J. Soc. Glicm. Ind. 1917, 
35, 1245. 

The objects arrived at in the ‘ sweating ’ 
operations are the loosening of the adherent 
pulp, the removal or modification of the bitter 
principle, the development of an agreeable 
aromatic odour, and the colouration of the beans 
to a rich mahogany tint. The fermentation 
process generally lasts from 2 to 7 days. In 
Home parts, as Tnnulad and Jamaica, red earth 
is often employed to assist in the removal of the 
mucilage from the beans, which are afterwards 
rubbed clean and dried. Occasionally Venetian 
red is used to impart a uniform red tint to the 
finished beans. 

As the fermentation process produces consider- 
able change in the composition of the nibs it has 
recently been replaced by treatment with a 
i 1 p e. solution of sodium carbonate for 10 minutes 
at 45°, whereby the beans arc ‘ stabilised ’ and 
I sterilised. Cocoa prepared in this way is per- 
fectly static, and contains no pre-formed sugpr. 
Theobromine is not present in the free state, 
but is formed togethor with sugar and tannin 
by hydrolysis (v. ivfra). 

In the drying operation the beans are Bpread 
out in trays and systematically turned so as to 
expose every part of the bean to the light, and, 
when thoroughly air-dried, are in a suitable 
condition for shipmont. 

Tl*i preliminary processes of manufacture 
consist in (a) sifting out sand, dust, and small 
stoneH ; (6) picking out by hand the empty beans 
and foreign matter, as larger stones, grass, wood, 
&c. ; (c) roasting ; and ( d ) cleaving, by breaking 
up the beans and removal of the husks or shells. 
Berhardt (Chem. Zeit. 1889, 32) has found, from 
the results of actual factory work, that the 
losses in these operations amount to 2 or 3 p.c. 
in sifting; nearly 1 p.c. in picking; about 
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5 p.o. in roasting ; and 12 or 13 p.c. in cleaning ; 
making a total loss of over 20 p.o. 

The roastmg process, which requires great 
care, skill, and experience on the part of the 
operatives entrusted with it, is conducted in 
rotating cylinders heated by coke fires or by 
means of superheated steam in pipes lining the 
cylinders, to a temperature varying from 
500° to G00°F. (100° to 315°C.). Uniformity of 
roastmg is facilitated by grading the beans in 
the same operation to a uniform size The 
beans are then cooled, gently crushed m a 
1 kibbling mill/ to fracture the crisp husk and 
break down the kernel into its natural angular 
fragments or ‘ mbs,’ after winch the mbs, husks, 
and hard rod-shaped germs are separated by 
winnowing and sieving, and the nibs graded 
into different classes according to size. 

The object of roasting is to develop to the 
fullest extent the characteristic aroma and 
flavqur of the cocoa This is probably due to 
the development of a volatile principle in the 
nature of an essential oil, somewhat analogous 
to the* caffeol of coffee (v, ivfra, t'oca-ral). 

The roasted husks or shells constitute on an 
average about 12 or 13 p.e. of the weight of the 
whole bran, varying from 7 or H p c. in the 
thin- walled beans of (Jeylon and Java to IS p.c 
in those of Trinidad and the West Indies, winch 
have a much thicker shell. The shells iorm a 
low-priced product extensively used, after 
grinding, m the cheaper grades of cocoa and 
chocolate, and occasionally, under the name of 
1 cocoa tea,’ as a beverage which lias the task' 
and flavour of weak cocoa Uocoa shells have 
proved to be a useful addition to feeding stuffs, 
especially for milch cows, and gave good results 
on the experimental farms of Canada when used 
as manure. (For analysis of cocoa shells, mr 
table below.) 

The nibs enter into commerce as such, but 
although in this form the consumer may be 
assured of the purity of the article, yet, owing 
to the large proportion of fat m them (about 
half their weight) and the difficulty of dis- 
integrating them even by boiling water, 
they are hardly suitable for popular use as a 
beverage. 

For the manufacture of the various forms of 
prepared cocoa, the mbs arc ground by means 
of millstones or steel mills so constructed as 
gradually to reduce the cocoa to the finest and 
smoothest possible condition. If the cocoa is to 
go into consumption as ground nibs'in powder, 
the stones or rollers are kept cool during the 
operation, but if, as ih usual, the ground cocoa 
is afterwards to he made up into any of the 
numerous forms of prepared cocoa or chocolate, 
the stones or rollers arc usually kept heated 
during the grinding. This causes the fat to 
melt, and the whole in reduced to a liquid mass, 
which is run into moulds and cooled so as to 
form blocks, which arc sold as such or kept as 
stock for subsequent conversion into prepared 
cocoa or chooolate. 

The leading typos of manufactured cocoa arc 
flake cocoa , rock cocoa , and cocoa powders sold 
under such names as ‘ soluble 5 cocoa, and 
‘ extract ’ or ‘ essence ’ of cocoa. Flake cocoa is 
prepared simply by grinding the whole beans or 
the nibs only in steel mills somewhat resembling j 
those used for grinding coffee. Rock cocoa is ' 


made in the form of a paste by grinding in a 
mill with heated stones or rollers, and with the 
addition of sugar and starch. 

The admixture of starch or other gelatinising 
substance tends to mask the presence of the 
fat and to render the cocoa more readily miscible 
with boiling water. These mixtures, Hold under 
such names as 1 homoeopathic,’ ‘ Iceland moss,’ 
&c., arc frequently described as c soluble cocoa,’ 
but this is a misnomer, since the absence of a 
sediment m the cup is duo, not to solution of 
the cocoa, but to the formation of an emulsioh, 
which holds the cocoa in a finely divided state 
suspended m the liquid. In some of these, as 
‘ granulated cocoa,’ ‘ eocoatina,’ <&c , sugar is 
added as well as starch. 

The large proportion of fat (about 50 p.e.), 
being found by many to be difficult of digestion, 
is reduced in preparations intended for use as 
a beverage, not only by the addition of sugar 
and starch (which incidentally reduces the 
proportion of cocoa present), but also by the 
actual abstraction of fat to form the so-called 
1 essence ’ ot ‘ extract ’ of cocoa. 

The partial extraction of the fat is accom- 
plished by submitting the pure cocoa paste 
enclosed in strong canvas hags to a pressure of 
1200-1400 lbs. per square inch in hydraulic 
pressos heated to 70 o -80‘'. The cocoa butter 
flows out through a special orifice, and is after- 
wards solidified into blocks or slabs ready for 
use in surgical arid pharmaceutical preparations, 
for soap making, and in the manufacture of 
chocolate confectionery. The commercial value 
of cocoa butter just before the war was twice 
that of the raw bean, a.nd this no doubt was an 
inducement to its removal, in addition to the 
alleged purpose of making the cocoa more 
digestible. 

To prepare the so-called ‘ essence ’ or 
‘ extract ’ of cocoa, tin* cakes of compressed 
cocoa, now containing only about 25 p.c. of 
fat, aro turned out in a nearly dry condition, 
and ground to a fine powder. Some cocoa 
powdors arc said to be rendered more digestiblo 
by treatment with alkalis, which soften the 
cellulose tissue and act upon the fat so as to 
produce a more perfect emulsion than that 
obtained by other ‘ soluble ’ cocoas prepared 
with starch ; also there is less tendency to 
separation of the melted fat in the cocoa bever- 
age. Another method is to soften the tissue by 
heating in closed vessels with or without water 
to a temperature of 150°. In some prepara- 
tions, as ‘ solidified cocoa,’ the fat is not removed, 
whilst a preparation of cocoa practically free 
from fat is obtained by extracting the roasted 
and ground beans with ether or benzene. The 
ordinary flavouring materials are vanilla and 
cinnamon, but other spices and artificial 
vanilla are occasionally used. 

The principal constituents of cocoa are fat 
(‘ cocoa nutter ’), alkaloids, albuminoids, starch, 
tannin, cocoa-red, and mineral matter. 

The fat, cocoa batter, or cacao hitter, oleum 
thcobromce, is the principal food constituent of 
cocoa, and forms from 45-55 p.c. of the husked 
lican. It lias a pleasant taste and odour, 
suggestive of chocolate. At ordinary tempera- 
tures it is a yellowish-white, somewhat brittle 
solid, melting below the temperature of the 
body, viz. 28°-33°, and solidifying at 21°-23° j 
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sp.gr. from 0*95 to 0*97 at 15°, and 0*856 at 
100 3 ; iodine number from 33 to 38 ; saponifi- 
cation value, 193-195; refractometer reading 
(Zeiss) at 40° is 46-47*8 ; and index of rofraction, 
between 1*4565 and 1*4578 at 40°. It is readily 
soluble in ether, chloroform, turpentine, and 
boiling alcohol, from which it crystallises out 
almost completely on cooling. Chemically, it is 
a mixture of the glycondes of stearic, palmitic, 
oleic, and arachidic acids (Benedikt, Analyso 
der Fetto und Wachsarten). It is sometimes 
adulterated with such substances as coco-nut. 
oil, cotton sood, and sesame oils, stearin, tallow, 
and paraffin wax. JUipe oil is often used as a 
substitute for cocoa butter (which it closely 
roaombles in certain respects) in the manufacture 
of chocolate. 

Analyses of Raw Cocoa Nibs. 


— 

Bell 

, Boiissm- 
i gault 

Moisture 

5*23 

I 7*0 • 

Fat . . • 1 

50*44 

1 49*9 

Starch . 

Albuminous matter : 1 

4 20 

J 2*4 

Solublo 

6*30 

( 10*9 

Insoluble . 

0*96 

Astrmgont principle . | 

0*71 

| 0*2 

Gum . 

2 17 

24 

Oelluloso . . . , 

0*40 

1 10*6 

Alkaloids . . . i 

0*84 

3*3 

(!ocoa-red 

Indefinite organic matter 

2 20 

! — 

(insoluble) 

5*80 

5*3 

Ash 

2*75 

40 

(Tartaric acid) 

— 

! *^_ 


100 00 

; 100 0 


Alkaloids . — Theobromine ( ! 6 H 2 (CH 3 ) !! N 40 2 , 
or dimethyl xanthine, is the principal alkaloid in 
cocoa, and is closely related to the alkaloid of 
tea and coffee, caffeine (trimethylxanthine), 
which is also present to a small extent m cocoa 
Theobromine crystallises in whito microscopic 
needles, having a bitter taste, and is present m 
cocoa to the extent of about 1 '5 p.c. The 
published analyses show variations from 0*4 to 
3*3 p.c., due to the different methods of analysis 
employed. One of the best methods is that of 
Becker, as modified by Welmans and Fromrno j 
(Pharm. Zeit. 47, 789, and 858 ; and Apoth. Zeit. 
18, 68). The caffein is usually included with 
tho theobromine, from which, howovor, it can 
readily bo separated by means of cold benzene, 
in which caffeine is soluble, but tlioobromine 
practically insoluble. The amount of caffeine 
varies from 0*1 to 0*3 p.c. ( see art. Tiieorromine). 

According to Kreuz, the proportions of 
theobromine hitherto shown in published 
analyses represent only free theobromine. Ho 
maintains that part of the alkaloid is combined 
and is not extracted until tho cocoa has been 
subjected to hydrolysis. By tliis method 
Kreuz found from 2*8 to 5*1 p.c. of theobromine 
in oocoa beans (Zeitsch. Nahr. Genussm. 1909, 
17, 626-7). 

Albuminoids. — These have been but little 
studied, but Stutzer (Zeitsoh. angew. Chem. 


1891, 368) has classified the nitrogenous con- 
atituents of cocoa as follows : — 

(1) Non-proteids, substances soluble in neu- 
tral water solution in presenoe of coppes 
hydroxide (theobromine, ammonia, and amino- 
compounds). 

(2) BigeRtible albumen, insoluble in neutral 
water solution in presence of copper hydroxide, 
but soluble when treated successively with 
gastric juice and alkaline pancreas extract. 

(3) Insoluble and indigestible nitrogenous 
substances. 

According to Stutzer’s analyses, the propor- 
tion of albuminoids in cocoa powder manu- 
factured without chemicals is between 17 and 
18 p.c., of which 10 p.c. is soluble or digestible 
albumen, the remainder (over 40 p.c. of the 
whole) consisting of insoluble and indigestible 
substances. Forster, however, maintains that 
the proportion of digestible albuminoids reaches 
as high as 80 p.c., his experiments being* m ado 
on the human subject, whilst Stutzers were 
conducted under laboratory conditions (Hyg. 
Rundschau, 1900, 314). 

Starch , as in oleaginous seeds generally, is 
not very abundant. It has been variously 
estimated from 2 to 20 p.c. of the mb, but many 
of the results are too high, owing, no doubt, to 
the conversion of cellulose into sugar when the 
acid method for tho starch conversion is em- 
ployed. The diastase method is preferable in 
the presence of cellulose. The average amount 
of starch is from 4 to 5 p.c , or about 8 p.c. 
calculated on the fat-free bean. The starch 
grains are nearly spherical, with a very indistinct 
nucleus They have a tendency to unito in 
small groups of 3 or 4, and rapidly Iobc the colour 
imparted by lodino. The average Bize is about 
0*005 mm. 

Tannin . — An astringent principle resembling 
tannin exists in the raw bean, but, according to 
Mitscherlicli and Bell, it iB rapidly oxidised to 
‘ cocoa-red,’ to which the characteristic colour of 
cocoa is due. Bell (Foods, i. 79) states that 
this astringent principle is different from the 
tannin of tea and coffee, and that its rapid 
change to cocoa-red, even during the process of 
analysis, renders its quantitative estimation 
difficult. It is precipitated by basic acetate of 
lead, and can be obtained after removal of the 
lead by sulphurotted hydrogen. It gives a 
green precipitate with ferric chloride not unlike 
caffoic acid under similar treatment. 

Cocoa-red is not prosont in the fresh seeds, 
which are nearly white, but arises from the 
oxidation of the natural tannin of the seed. It 
consequently appears in different quantities in 
different kinds of cocoa. On hydrolysis it 
decomposes into glucose, tannin, and a resinous 
substance. By many the peculiar taste and 
aroma of cocoa are associated with the formation 
of cocoa-red, which increases in amount during 
the process of fermentation, drying, and roasting, 
simultaneously with a corresponding increaso in 
flavour, thought to be due to the development of 
a volatile principle or essential oil. Details of 
methods for its extraction and estimation are 
given in Zipperer (Die Schokoladen Fabrika- 
tionen) and Myth (Foods). 

Mineral matter . — The ash in cocoa nibs 
varies from 2*5 to 4*6 p.c., the average, according 
to Zipperer, being 3*6 p.c. in raw, and 3*9 p.c. in 
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the roasted kernels. The shells contain two or 
three times this amount. Approximately half 
the ash (whioh is rich in potash and phosphates) 
is soluble in water. The ash is naturally lower, 
than the average when starch or sugar has 
been added, and higher when fat has been 
abstracted, or when the cocoa has been adulte- 
rated with husks or coloured with pigments. 
The sholl is rich in alkaline carbonates and silica 
as compared with the nib. A high alkalinity in 
the ash of cocoa powders indicates treatment 
with alkalis as described in the preparation of the 
so-called ‘ soluble ’ cocoas. The composition of 
tho ash of cocoa nibs and busks is shown in the 
table given below. 

Whilst cocoa ranks higher than tea or 
coffee as a nutritious beverage, its value os a 
substitute for solid food has been greatly 
exaggerated. Tn its content of alkaloid and 
tannin substances, it stands midway lx 'tween 
tea and coffee, and, like them, it should be 
considered a stimulating beverage rather than 
a true food. 

The tables on p 313 will serve to show the 
composition of cocoa ndis, shells, the ash, and 
several kinds of commercial cocoas 

Adulterants. — Besides sugar and starches 
(winch have come to be considered as essential 
ingredients of certain proprietary cocoa prepara- 
tions), the usual adulterants are foreign fats 
(particularly coco-nut oil) to replace tho ab- 
stracted cocoa butter, farinaceous substances, 
ground cocoa shells, and pigments such as ferric 
oxide, ferruginous earth, &c. For the estima- 
tion of cacao shell, see Knapp & Me Lallan, 
Analyst, 1919, 2, which contains a bibliography 
on the subject. J. C. 

COCO NUT OIL GROUP. Under this head- 
ing is grouped a number of vegetable fats 
which differ from all other vegetable fats by 
having high saponification values in conjunction 
with high Reichcrt-Moissl values. The con- 
siderable proportion of volatile fatty acids winch 
the fats belonging to this group contain, brings 
them into relationship with the milk fats of 
mammals. They differ essentially from the 
latter, however, in that they do not contain any 
butyric acid. The high proportion of volatile 
fatty acids contained in the members of these 
groups differentiates them from other fats winch 
are also characterised by high saponification 
values, but do not contain volatile acids. 

The fats belonging to the coco-nut oil group 
arte the following : (a) Muriti fat, frofn Maunha 
vinifera (Mart.) ; Acrocomia vinifera (Ocrst.) ; 
(6) mocaya oil, from A. sderocarpa (Mart.) ; J 
Cocos srlerocarpa, C. acidmta (Jacq.) ; Badris 
minor (Gart.) ; (c) cohune oil, from Attalea 

cohunt (Mart.) ; (<l) maripa fat, from Palma 
( Attalea ) maripa (Aubl.) ; (e) aouara-kemel oil, ! 
from Astrocarpum mlgare (Mart.) ; (J) palm -nut 
oil, from tho kernels of Eteris gmveensis (Linn. ; 
Jacq.) ; (g) coco nut oil from Cocos rfim fera 
(Linn.) and Cocus Imtyrucea (Linn); (A) fat 
from Cocos acrocomoides. 

It may be pointed out that aouara-kemel 
oil and palm-nut oil differ considerably from the 
corresponding fate contained in the fruit flesh 
surrounding the seeds (see Palm oil). 

All these fats are derived from trees belonging 
to the palm family. The two most important 
fats are coco-nut oil and palm-kernel oil. The 


latter will be described subsequently (v. Palm 
KEUNEL OIL). 

Coco-nut oil is the fat obtained from the 
kernels of the coco-nut, especially^from^those 
of the two species Cocos nucifera (Linn.), and C. 
butyracea (Linn.). 

Cocos nucifera grows on all coasts and islands 
of the tropics ; in fact, it may be considered a 
cosmopolitan of the tropical coast-lines in both 
j hemispheres. The coco nut tree is indigenous 
I to the islands of the Malayan Archipelago, 
whence tho nuts were carried by sea currents 
towards the east to the Pacific Islands and the 
coasts of Central America, and towards the 
west to Ceylon and the east coast of Africa. 

Being well protected by the ‘ coir ’ (fibres), 
the seeds are able to germinate on all shores 
(islands and even coral reefs) where they may bo 
deposited. 

The coco-nut tree forms large forests, 
especially on the coast line of Ceylon, Java, and 
the Philippines. On account of its manifold 
uses, the tree has been cultivated early in the 
history of mankind, and the fruits were, there- 
fore, gathered, as it won*, on a commercial 
scale, not only in the localities named, but also 
in the South Sea Islands, Madagascar, Mauritius, 
Ceylon, Zanzibar, the east and west coast of 
Africa, the Antilles, and the coast-lines of 
tropical South America. 

Cocos hutgracea is indigenous to Brazil, and 
yields, together with Cocos nvcifna (as also 
with the other cocos species mentioned above), 
thi‘ chief quantities of coco-nut fats which are 
consumed locally. The coco nut oil which is 
exported to Europe is mamly derived from 
Cocos nucifera. 

The coco-nut tree flowers when about 6 or 7 
years old, and begins to bear fruit from an age 
of 8 years up to an age of 60 years. The nuts 
contain a fleshy endosperm, built up from a 
milky juice, nch in oil At the period of maturity 
of the fruit- the milky juice has disappeared 
almost completely, and the endosperm forms 
the well-known coco-nut kernel, inside which 
the remainder of the milky juice, coco-nut milk, 
is enclosed. The kernel contains from 30 to 
40 p.c. of fat, and about fiO p.e. of moisture. 

Since the earliest times in the history of 
mankind, the kernels have been used by the 
natives of the South Sea Islands, and especially 
of India, as one of their chief articles of food. 
The mode of preparing the oil, as practised cen- 
turies ago, was of the most primitive kind. 
The kernels were cut into small pieces and 
exposed in piles to the sun, when the oil would 
run off spontaneously. Improved methods con- 
sisted in converting the kernels into pulp, 
placing the latter in vessels perforated with 
holes, and exposing them to the sun, when the 
oil would run through tho holes. The oil was 
then collected and carried in bamboo sticks to 
the market, a practice which up till a few years 
; ago still obtained in the outlying parts of the 
Philippines. In order to render the process 
independent of the heat of the sun, as in the 
rainy season, the kernels were, at a later stage 
of ovolution laid on hurdles, formed from 
bamboo staves and coco-nut leaves, and dried 
over a slow fire, the fuel for which was derived 
from the shell of the kernels. In India, where 
the nuts became at an early date an extensively 
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used food produot, the note were split into 
halves by a blow with a sharp instrument, the 
ooco-nut milk was poured off, and the halves 
exposed to the sun to dry, whereby the kernels 
became readily detachable from the shell. The 


dried kernels were then triturated and expressed, 
or the pounded kernels were thrown into boiling 
water, when the oil rose to the top, and was 
ready to be skimmed off. The residual mass was 
used as^cattle^food (‘ coco-nut poonao ’). This 


Comfosttion of Cocoa Shells (Weiqmann). 


Commercial varieties 

Moisture 

Nitro- 

genous 

sub- 

Btances 

Theo- 

bromine 

Tat 

Nitrogen - 
free 
extract 

Cellulose 

Ash 

Sand 

Total 

nitro- 

gen 

Caraccas . 

1249 

13-18 

0-58 

2-38 

40*30 

16*33 

9-06- 

6-26 

2*11 

Trinidad . 

14-04 

14*62 

0-74 

3-45 

44*89 

15*79 

6*19 

0-42 

2*34 

Surinam . 

13-93 

16-25 

0-78 

2-54 

42*47 

17*04 

6-63 

0-85 

2*60 

Puerto Cabcllo . 

14-89 

16-18 

0-75 

2*01 

43*32 

15-25 

8-08 

0*27 

. 

2*59 


Roasted Beans after Removal of the Husk (Heisoh). 


— 

Husk 

I at 

Nitro- 

gen 

Albu- 

minoids 

ARh 

Ash 
soluble 
in water 

Ash 
soluble 
in HOI 

h,po 4 

in ftsh 

Moisture 

Starch, gum 
cellulose, Ac. 

Caraccas . 

138 

48-4 

1-70 

11-14 

3*95 

2*15 

1*80 

1*54 

4 32 

32*19 

Trinidad . 

15-5 

49-4 

1*76 

11-14 

2*80 

0*90 

1*90 

0 93 

3 84 

32*82 

Surinam 

15 5 

54-4 

1*76 

11*14 

2*35 

0*80 

1*85 

1*23 

3-76 

28*35 

Guayaquil . 

11-5 

49-8 

2-0G 

13 03 

2*50 

1*75 

1*75 

1*87 

4*14 

30*47 

Grenada 

14-6 

45-6 

1 -96 

12*40 

2*40 

0*60 

1*80 

1-35 

3-90 

35*70 

Bahia 

9 6 1 

50-3 

1-17 

7*40 

2 60 

0*90 

1*70 

1*20 

4-40 

35*30 

Cuba . 

12-0 

45-3 

1-37 

8*67 

2*90 

0*95 

1*95 

1*13 

3*72 

39*41 

Para . 

8-5 1 

54-0 

2*00 

12*06 

3*05 

1*40 

1*65 

1*00 

3*90 

26*33 


Analyses of the Ash of Cocoa Nibs and Husks (Bell). 


— 

l 

Guayaquil 

mbs 

2 

Surinam nibs 

s 

Grenada nibs 

4 

Finest 

Trinidad 

mbs 

5 

Finest 

Trinidad 

husks 

Sand 





_ 

5*12 

Silica 


0*15 





— 

2*87 

Sodium chloride 


0*46 

0*53 

0*57 

0*65 

0*44 

Soda (Na a O) . 


0 46 

0*/!3 

0-57 

0*83 

0*94 

Potash (K a O) . 


23*35 

28-00 

27*64 

29*30 

37*89 

Magnesia 


19*18 

20-60 

19*81 

18*23 

13*04 

Lime 


3*24 

4-38 

4*53 

6-51 

7*30 

Alumina . 


0*10 

0 04 

0*08 

0*08 

0*55 

Iron oxide (FeO) 


0-21 

0 38 

0-15 

0*10 

0*63 

Carbonic anhydride 

(C0 2 ) . 

0-69 

3-31 

2*92 

4*19 

10*80 

Sulphur io „ 

(SO,). . 

2*77 

4-29 

4*53 

3*91 

3*25 

Phosphoric „ 

(PA) • 

49*39 

37*78 

39*20 

36*20 

17*17 



100*00 

100 00 * 

100*00 

100*00 

100 *00 


The following table shows the general composition of commercial cocoas : — 


Analyses of Commercial Cocoas (Bell). 


— 

Prepared 

cocoa 

Iceland 

moss 

cocoa 

Rock 

cocoa 

Flake 

cocoa 

Cocoa- 

tina 

Choco- 

latine 

Finest 

Trinidad 

mbs 

Chocolat 
do Sante 

Cocoa 

extract 

Moisture 

4*95 

5*47 

2-58 

5-49 

3-52 

4*40 

2-60 

1-44 

5-76 

Fat 

24*94 

16-86 

22-76 

28-24 

23-98 

29-60 

51-77 

22-08 

29-50 

Starch (added) 

19*19 

24-70 

17-56 

none 

none 

none 

none 

2-00 

none 

Sugar (cane) . 

23-03 

29-23 

32-20 

none 

none 

none 

none 

61-21 

none 

Non*fatty cocoa 

27-89 

23-74 

24-90 

66-27 

72-50 

06-00 

45-63 j 

13*27 

64*74 


100*00 

100-00 

100-00 

100-00 

100*00 

100-00 

100-00 

100-00 

| 100*00 
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prooess was carried out with special care at 
Coohin and the coast of Malabar. Hence the 
reputation of Coohin coco-nut oil for best 
quality has been maintained to this day. 

As large proportions of moisture left in the 
kernel readily load to putrefaction, a further 
step in the preservation of the fat was found in 
drying the kernels thoroughly, so as to remove 
the bulk of the water. The absence of moisture 
rendered the growth of fungi impossible, and 
thus prevented excessive hydrolysis and subse- 
quent rancidity. The process of producing the 
dried kernel — copra — developed into a manu- 
facturing process. 

Coco-nut oil became first known in Europe 
in the 18th century, but was not imported m 
any notable quantities before the year 1820 
At presont three qualities of oil are distinguished 
in commerce: (1) Cochin oil; (2) Ceylon oil; 
(3) Copra oil . 

(1) . Cochin oil represents the finest and 
whitest quality, and/ is obtained as stated 
above, by boiling the kernels with water and 
skimming off the oil. 

(2) ('njlon oil is prepared in a similar manner 
in the plantations ol Ceylon This oil is not 
of such high quality as Cochin oil, owing 
mainly to the want of care on the part of 
the natives, as compared with that exercised 
by the natives of the Malabar coast Hence 
Ceylon oil represents, as a rule, a second quality 
of coco-nut oil, and is characterised by a some- 
what higher percentage of free fatty acids than 
is found in Coclnn oil At present, however, m 
some plantations m Ceylon, managed by Euro- 
peans, flu* same care is exercised as in Cochin, 
and some brands of Ceylon ml are now im- 
ported which yield little in quality to Cochin oil 

(3) Copra oil is the oil prepared in modern 
factories in Europe, United States, Australia, 
from copra (i.e. the dried kernels), which are 
imported in enormous quantities into these 
countries. The conversion of the kernel into 
copra must not only be looked upon as a con- 
venient method for reducing the cost of freight, 
but, as pointed out above, is pre -eminently a 
cheap process for preserving the coco-nut oil 
as far as possible. 

In the Manila market copra oil is sold as 
‘ Cebu sun-dried,’ ‘ fair marketable Manila,’ and 
‘ Laguna,’ but the distinction between the 
different grades is not well marked. 

At present great care is bestowed on the 
preparation of copra ; it is used in grooving pro- 
portions for the production of edible coco-nut 
oil (see Edible oils), and coco-nut. stearin (sec 
Chocolate fats). In commerce we differentiate 
‘ sun-dried copra ’ and ‘ kiln-dried copra ’ The 
sun-dried copra was considered the better 
quality, as it gives a white coco-nut oil, with 
only a slight yellow tinge, and could be readily 
converted into an odiblo ml. Kiln-dried copra 
is obtained by a more rapid process, the kernels 
being dried over a bamboo grating heated by 
burning underneath it the shells. In these 
primitive kilns, the fumes obtain ready access 
to the oopra itself, and not only bum it occasion- 
ally, but impart to the copra a peculiar empy- 
reumatio smell and a dark colour. Hence copra 
thus dried yields a yellowish oil which proves 
rofractory in the refining process. At present, 
however, notable improvements are being 


introduced in the kiln-drying process (rotary 
driers, vacuum driers), so that it may be expected 
that in the near future kiln-dried oopra will take 
its place next to, or rank equally with, sun-dried 
copra. Sun-dried copra contains on an average 
50 p.c. of fat ; in kiln-dried copra the percentage 
•rises to 03 and even 65 p.c. Copra dried by 
means of hot. air contains even as much as 
74 p.c. 

Its acidity (as oleic acid) should bo less than 
1 p.c. By reducing the amount of moisture to 
about 0 p.c immediately after opening the nuts 
the action of moulds is checked ami a better 
yield of' oil of good quality is obtained, 
j The copra is treated in oil mills in a similar 
manner to that in which oleaginous seeds 
! generally are worked up The meal is expressed 
I twice at a temperature of 55°-60 n . Tho 
practical yield varies from 03 to 00 p.c , according 
the content of oil in the copra The expressed 
oil contains a notable quantity of free fatty 
acid, the amount depending on the quality of 
the raw material. 

Copra press-cake is used for fertilisers and 
feeding -stuffs for cattle, but by separating tlie oil 
by appropriate' methods a press-cake suitable for 
human food may be obtained. A meal suitable 
as a substitute for wheat flour and lard in pastry 
had the following composition : water, 7 ’35 ; 
oil, 32*14 ; ash, 4 05; crude fibre, 37 '12 ; and 
■ proteins 20’34 p c. (Parker and Brill. Philippine 
< J. Sei , 1017, A, 12, 87). 

j Jn our climate coco nut oil is, at the ordinary 
temperature, a solid white fat of bland taste, 
having the peculiar, though not unpleasant, 
odour of coco-nut. The odorous substances in 
coco-nut oil consist chiefly, according to Haller 
and Lassieur (Compt. rend. 1010, 151, 007), of 
met.hylheptylketone and metliylnonylketone 
These two ketones, together with certain unde- 
fined volatile substances, are removed in tho pro- 
cess of refining coco-nut. oil for edible purposes. 
In order to obtain coco-nut stearin (chocolate 
fat), tho liquid glycerides are removed by ex- 
pression in hydraulic presses, when 50-80 p.c. 
of the liquid glycerides are expressed. Inferior 
copra oils also aro frequently subjected to tho 
same process, and thus a commercial coco- 
nut. stearin is obtained, which, on account of 
impurities, can only be employed in the manu- 
facture of composite eandlos and night-lights. 
The lower qualities of coco-nut oil aro used 
m enormous quantities in the manufacture of 
soap, whilst the best grades aro used for mar- 
garine. 

Coco nut oil contains large proportions of 
myristin and, especially, of laurin, small quan- 
tities of palmitui, stearin, ami triolein, and of 
caprin, eaprylin, and eaproin. 

Elsdon (Analyst, 1913, 38, 8), using the 
method of alcoholysis, found coco -put oil to 
contain glycerides of the following fatty acids 
in approximately the proportions named : 
eaproic, 2 ; oaprylic, 9 ; capnc, 10 ; lauric, 45 ; 
myristic, 20 ; palmitic, 7 ; stearic, 5 ; and 
oleic acid, 2 p.c. Methods for the detection of 
coco -nut oil in butter are based on the large 
iroportion of lauric and myristic acids in the 
at (Shrewsbury and Knapp, Analyst, 1910, 35, 
385 ; 1912, 38, 3). 

The saponification value of cooo-nut oil lies 
between 246 and 200 ; the Reiohert-Meissl value 
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ot the oil is 7-8 ; its iodine value about 8-10 ; and 
its Hehner value 88 to 90. Owinjj to its peculiar 
chemical composition, coco-nut oil is not readily 
saponified by weak caustic leys. It requires for 
saponification alkaline Joys of high strength, 
which, however, so easily convert it into soap, 
that it is only necessary to stir the fat and caustic 
alkali together at 30°-35°. and allow the mixture 
to stand. After a short time saponification takes 
place, with liberation of heat. (Soapmaking by 
the ‘ cold process.’) Soaps so formed are very 
hard, and combine wit h a large amount of water 
without becoming soft. The soaps are further 
distinguished by their icmarkable property of 
requiring large quantities of salt to throw them 
out of their aqueous solution. Hence they are 
used as ‘ marine soaps.’ J. L 

COCOSITOL v Inositol. 

CODAMINE r. OJ’ium. 

CODEINE v. Oi’iuM. 

CODEONAL. Trade name for a mixture of 
1 part of medmal and 2 parts of codeine- veronal. 

COD LIVER OIL is obtained fiorn the liver 
of the cod, Gadm vwrihia (and of the dorscli, 
the young of G. moirhua , formeily considered a 
separate species, G. rallauun). The cod appears 
annually at certain times m enormous shoals on 
the coasts of the northern seas, chiefly on the 
coasts of Norway, Scotland, Newfoundland, the 
cast of the United States and of Canada, the 
west coast of the United States and the coasts 
ot Japan and Siberia. The best-known and 
oldest fishing-grounds are those of Norway, 
where the fish make' their appearance at regular 
intervals of the year 

In the early years of the manufacture of cod 
liver oil, the livers were heaped up in barrels and 
allowed t,o undergo a process of spontaneous 
putrefaction, whereby the liver cells burst and 
the oil exudi d. The oil so obtained was con- 
taminated with decomposition products of the 
liver, and possessed that rank odour and 
nauseous taste with which even nowadays 
popular prejudice associates medicinal cod liver 
oil. Of late years the manufacture of cod liver 
oil has boon earned out in a scientific manner, 
and the best oil is at present obtained by steam- 
ing the livers in the freshest state obtainable. 
The livers are washed immediately they are taken 
out of tho body of the fish, and are placed in 
jacketed vessels in which they are heated to a 
temperature of 70°-80°, when tho colls burst, 
and the oil flows off. This oil is known as ‘ raw 
medicinal oil,’ and is consumed as 1 congealing 
oil ’ in those countries where the Pharmacopoeia 
pormits congealing oils. The British Pharma- 
copoeia prescribes, however, a non-congealing oil, 
which will not ‘ set ’ at the freezing-point It 
is prepared by expressing the fresh liver at a 
temperature not exceeding 85°, cooling the crude 
medicinal oil below zero, and filtering it at a 
temperature of about -5°. Tho ‘stearine’ is 
sold as fish stearin of best quality for soap- 
making purposes. All unsound livers, and 
those which nave been exposed for some time 
to the atmosphere, are then worked up for 
‘ brown oil.’ This oil is, of course, a genuine 
cod liver oil, hut is (or should be considered) 
unfit for consumption, and is mostly used up 
in leather industries, under the name ‘ brown 
cod oil ’ or ‘ cod oil.’ 

The pure medicinal oil is pale yellow or 


light yellow, and the best qualities have a slight 
fishy odour only, and a by no means unpleasant 
taste. Such oil has a sp.gr. of about 0‘922-0‘93 
at 15°, and a saponification value of 175-192, 
and an iodine value of 140-175. The best 
qualities have an iodine value of about 176, for 
the longer the livers have been exposed, the 
lower will bo tho iodine value, so that this 
value alono may indicate, preliminarily, ft good 
medicinal oil. The chemical composition of the 
cod liver oil glycerides is not yet completely 
known. Small quantities of palmitin occur in 
the oil, ami are the cause of the separation of 
‘stearine.’ The older statement that small 
quantities of lower saturated fatty acids, such 
as those of acetic, butyric, valeric, and capric 
acids occur in cod liver oil must be rejected, 
these statements being duo to the fact that the 
cod liver oil in which those volatile fatty acids 
were found bad already undergone decomposi- 
tion The greatei number of the liquid fatty 
acids in cod liver od have not been identified. 
Among the unsaturated fatty acids there occurs 
undoubtedly th craft c acid ; this can be identi- 
fied and isolated by means of its oetobromide, 
0 17 H 36 (),Br ft , which does not melt at 200°, and 
decomposes, with blackening above that tem- 
pciature. 

Japanese cod liver oil has a similar composi- 
tion to that of the European oil. Specimens 
examined by Tsujinioto ((’hem Rev Eett Ind. 
1913, 20, 70) had sp gr. 0 92(>3-0’9290 ; saponi- 
fication value 1 S3 ’8-1 88*1 ; and iodine value 
I59 J-KJ0 8. The fatty acids yielded 344- 
30 17 pc of therapic oetobromide. 

Tli<* therapeutic value of cod liver oil which 
was attributed to tho organic bases occurring 
in badly rendered cod liver oil must (in the 
author’s opinion) be ascribed rather to the easy 
manner in which cod liver oil is digested than 
to any specifie constituent, for the purest cod 
liver oil practically represents a mixture of pure 
glycerides with a small amount only of choles- 
terol and other unsapomfiable substances. 

Like all liver oils, cod liver oil may bo 
identified by the colour test which it gives with 
concentrated sulphuric acid in a solution of 
carbon tetrachloride or carbon disulphide. The 
better the quality of cod liver oil the fainter is 
the sulphuric acid colour test. ; this points to tho 
fact, that the colour test, is due to small quantities 
of foreign substances which are dissolved by the 
oil from the tissues of the liver. This is borne 
out by the fact that when completely hydroge- 
nated, cod liver oil no longer gives any colour 
reaction with sulphuric acid. A specimen of 
such fully hydrogenated oil prepared by Man- 
nieh and Tluelo (Ber. deut. Pharm. Ges. 1916, 
26, 36) melted at 65°, and had iodine value 1 2, 
and saponification value 186 - 2. J. L. 

CCELESTIN v. Strontium. 

C CELINE, C CERULEAN BLUE, CCERULEUM 

v. Cobalt ; also Pigments. 

CCERULElN, Anthracene green (v. Alizarin 

AND ALLIED COLOURING MATTERS). 

CCERULIGNOL C.,H 7 C 8 H 3 (OH)OCH a . A 
colourless oil of a burning aromatic taste, and 
a smell resembling creosote, obtained from beech 
pine and fir tars. Boils at 240°-241° ; sp.gr. 
1 0564 at 15°. It is somewhat soluble in water, 
freely soluble in alcohol, other, and acetic acid, 
It is coloured red by sulphuric acid, and 
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dark- brown by potassium hydroxide in contact 
with the air. In alcoholic solution it gives with 
barium hydroxide a characteristic deep- blue 
colouration. Ferric chloride in alcoholic solu- 
tion gives a green, in aqueous solution a deep- 
red, colouration. Cmruhgnol is decomposed 
on treating with hydrochloric acid at 146°, 
according to the equation 

0 Jfl Hi4<V ■HH(J1=C,H 1> 0 > +CII 3 C1 

CCERULIGNONE ( Cednret ). 

A steel-blue crystalline solid obtained by oxidis- 
ing pyrogalloldiraethylether in acetic acid 
solution with potassium dichromate (Hofmann, 
Ber. 11, 335) It combines with primary 
amines to give deep- blue dyestuffs (Liebermann 
and Flatau, ibid. 1897, 234; Moir, (diem Soc. 
Proc. 190(1, 110; 1907, 307) (v. Cedturet). 

COFFEE. The beverage known as 1 coffee ’ 
is prepared from the seeds (dried, rousted, and 
ground) of Caffea auilnca (Linn ), an evergreen 
shrub, indigenous to North-East. Africa, and 
Arabia. The use of coffee has been known from 
time immemorial in Abyssinia, whence it spread 
to the neighbouring Mahometan countries 
(where its use was at various times forbidden as 
being an ‘ intoxicating ' beverage), and subse- 
quently to all parts of the civilised world. It. 
did not find its way into Europe, however, until 
the beginning of the 17th century It was 
introduced into England in 1052, and rapidly 
spread in popular favour m spite of heavy 
taxation and attempts to suppress the ‘ coffee 
houses,’ for political reasons, until its importa- 
tion reached a maximum of 37^ million lbs. 
in 1847. Since then the consumption has 
declined, due, no doubt, chiefly to the greatly 
extonded use of tea, and partly to the introduc- 
tion of coffee substitutes. At the present time 
the consumption of coffee in the United 
Kingdom is less than 30 million lbs , or less 
than ij lb. per head. In the principal coffee- 
drinking countries of the world the consumption 
of coffee per head of the population is as follows : 
Holland, from 14 to 15 lbs ; United States of 
America, 12 lbs. ; Scandinavia, nearly 12 lbs. ; 
Germany, 7 lbs. ; and France, 4 lbs. 

The coffee tree belongs to the natural order 
Cinchonacp.ee, which embraces, according to 
Lmdloy and Paxton, two species, C. drain ca and 
C. panicvlata (Aubl.). Other botanists distin- 
guish many other species, as C. mierpcarjm, C. 
untltoUala , C. acuminata , (J. subsessihs, C. 
lnunna. , G. raccmosa, C. ben galenas, C. wdka, 
&c. Some of theso are probably only varieties. 
However this may be, four species distinct from 
each other are now grown : (1) Arabian or 
Mocha coffee, having short, upright branches 
with a brittle leaf, and seeds usually single in the 
berries. (2) Jamaica coffee, bearing longer and 
more pliable branches, a tougher leaf, and seedR 
almost always double in the berrieR. (3) East 
India or Bengal coffee, of which the leaf is 
smaller than the Jamaica variety, and the berry 
very small. (4) Liberian coffee (C. libenca) is 
taller and has larger leaves and fruit than the 
preceding varieties, but owing to its coarso 
flavour, it was not until recently of much com- 
mercial use. It has, however, rapidly attained 
importance on account of its hardy habit and 


S ower of resistance to disease, and is now 
irgely cultivated by grafting on to its stem 
the more delicate and highly esteemed Arabian 
coffee. Trees growing wild in the Cingalese 
jungle attain a height of 14-18 feet; but under 
cultivation and subjected to systematic prun- 
ing, the plant rarely exceeds (i-9 feet. Within the 
tropics the coffee tree succeeds best at 1200-3000 
feet above the sea-level, but grows at a height 
of 0000 feet When the mean temperature is 
about 70°, it may be grown as far as lat. 36°. 

It is cultivated in the West Indies, Mexico, 
Central America, Brazil, and Cayenne ; in West- 
ern Africa, Egypt, Mozambique, and Natal ; in 
Arabia, India, Ceylon, Siam, .Sumatra, Java, 
Celebes, and other parts of the Eastern Archi- 
pelago, Fiji, and the islands of the Pacific. At 
the present time more than three -quarters of 
t.lie world's supply comes from Brazil. 

The coffee consumed in the United Kingdom 
comes principally from Costa Rica and British 
India as regards the finer qualities, and the 
inferior grades from Brazil. 

The manner of forming plantations varies 
somewhat, in different countries. The surface 
soil should be good and the subsoil not too stiff. 
Perhaps the best soil is that known m Brazil as 
‘ terra roxa,’ a topsoil of red clay 3 or 4 feet 
thick, with a subsoil of gravel Virgin forest 
land is as a rule found very suitable Shelter 
from wind is most important, and a wet soil is 
fatal. Steep slopes are unsuitable owing to 
ram wash. The loss due to this cause should be 
repaired by good manure, well -rotted dung and 
ground bones being the best.. The young plants 
may be reared in nurseries, whence they are 
transplanted to their permanent position, or 
they may be gatherod out of the old plantations ; 
the age at which this is done vanes, as in Brazil 
where the shrub is usually two years old on its 
removal, or as in the West Indies where it is 
planted out at 6 months Fruit is produced in 
the fourth year, and continues to ne gathered 
for several years. 

The tree blossoms and bears fruit practically 
all the year round, and the fruit takes about 
4 months to ripen. There is thus in some 
places an almost perpetual crop, but, as a rule, 
there are two principal harvest seasons in the 
year. 

The coffeo fruit consists of a bilobod berry 
somewhat resembling a small elongated cherry 
(by which term it is described commercially). 
Tfie fleshy pericarp changes colour, as the fruit 
ripens, from green through yellow and red to a 
deep crimson. When dried, it blackens and 
becomes hard and brittle, resembling a shell or 
husk. Beneath the skin of the pericarp is a 
saecharino and somewhat glutinous pulp con- 
taining the seeds, which aro usually double, 
lying face to face, but sometimes occurring 
singly. Each seed or ‘ bean ’ is enclosed in two 
membranous coverings — an outer, consisting of 
tough buff-coloured tissue, technically known as 
‘ parchment,’ which becomes loose and roadily 
separates on drying ; and an inner film of thin 
white tissue, closely adherent to the bean, and 
known as the 1 silver skin.’ 

Tho principal methods in vogue for gathering 
and preparing the coffee berries for commetoe are 
as follows. In Arabia, Egypt, and the Antilles, 
the berry is left on the tree till completely dried, 
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when it is easily shaken down and the dry 
outer envelope and the parchment removed 
by pounding in a mortar, beating with a flail, 
or simply rubbing in the hands. In many other 
places the berries are gathered by hand as soon 
as ripe but not dry, and are spread out on the 
ground in layers from 4 to 0 inches deep. These 
are exposed to the sun’s boat for 3 or 4 weeks, 
with frequent turning by means of spades, when 
the bean becomes easily removable from the 
fruit by gentle trituration. As this process of 
drymg sometimes imparts to the cottoo a dis- 
agreeable flavour owing to putrefactive changes 
in the pulp, recourse is frequently had to artificial 
heat. The most modem method is to 1 pulp ’ 
the berries by crushing between rollers so as not 
to injure the beans, which are then subjected j 
to a fermenting process in tanks, with or without 
the addition of water, after which they are 
separated from the pulp by ‘ washing/ and j 
dried, either by the sun or bv artificial means. 
Coflec beans in the form of ‘ cherry ’ rarely j 
enter into commerce, but frequently retain the ! 

E archment and silver skin, which, however, I 
eforo roasting, are removed by rollers and 
separated by winnowing. They are then i 
graded mto different sizes by special machinery, ! 
which also separates the round or ‘ pea- berries ’ ! 
from the ordinary flat-faced beans. The colour | 
of coffee beans vanes from a pale-yellow passing 
through vanous shades of green to a slatey grey. 
The following tabic will indicate the variations 
in size : — 

No. oi seeds in a measure 
holding 50 grams of water. 


Fine brown Java . . . 187 

Fine Mysoic . . . .198 

Fine Neilghorry . . . 203 

Costa Rica .... 203 

Cood ordinary Cuutomala . 207 

Good La Guayra . . .210 

flood average Santos . .213 

Fine long -berry Mocha . .217 

Cood ordinary Java . . 223 

Fine Ceylon plantation . . 225 

Cood average Rio . . . 230 

Medium plantation (Ceylon) . 238 

Manilla .... 248 

Ordinary Mocha . . . 270 

West African . . .313 


Coffee undergoes important changes in the 
process of roasting, the object of which process 
is to develop its aroma and to destroy its tough- 
ness so that it may easily bo reducod to powder. 
Great care is necessary to ensure an equable 
roasting of all the beans, and to attain the exact 
point at wliich torrefaetion should cease. If, on 
the one hand, rawness is not removed, the flavour 
of the bean is not developed, and the coffee is 
hard to grind ; on the other hand, if too much 
heat is permitted, carbonisation takes place, and 
a strong ompyrcumatic flavour is produced, 
whict renders the coffee infusion nauseouH. 

The roasting process is conducted in cylinders 
(preferably of strong wire gauze to permit of 
the escape of steam and other volatile products 
as fast as they are formed) heated by coke fires 
or gas. The loss in weight is from 15 to 18 p.c., 
of which about one-half is duo to moisture, 
and the rest chiefly to volatile products derived 
from the fat, and from the sugar during the 
conversion of the latter into caramel. There is 


in 

also some loss of caffeine. At the same time, an 
empyreumatic oily subetanoe is developed, known 
as caffeol, which, in spite of its small amount, 
imparts to roasted coffee much of its character- 
istic aroma. The most favourable temperature 
for developing the maximum aroma during 
roasting is a little above 200°. After roasting, 
it is most important that the beans should be 
rapidly cooled, and this is effected by spreading 
them on a large sieve through the meshes of 
which they cannot pass, but through which the 
air is forcibly drawn by means of a powerful 
exhaust connected with a closed chamber 
immediately below the move. Since the essen- 
tial oil rapidly escapes after the bean is broken 
up, coffee should not be ground until required 
for infusion. 

O. Bemhoimer (Wien. Akad. 81, [2] 1032, 
1042) found that during the roasting of coffee, 
water vapour is first given off, then sud- 
denly an evolution of carbonic anhydride, and 
distillation of volatile substances commences. 
The distillate consists of an aqueous liquid and 
a solid part. Tlio former contains caffeine, 
caffeol, acetic acid, quinol, methylamine, and 
acetone ; the latter consists of fatty acids, chiefly 
palmitic. Pyrrol escapes during roasting. Of 
I fatty acids, 0*48 p.c. of the coffee employed was 
volatilised ; of caffeine, 0T8 p.c. ; and of caffeol, 
0-05 p.c. 

Erdmann (Bor. 1902, 35, 1840) attributed the 
aroma of roasted coffee to traces of acetic acid 
furfural, valeric acid, an unstable nitrogenous 
compound and a phenolic body resembling 
creosote. Various samples of roasted coffee 
yielded from 0*2 to 0*25 grin, of pyridine per 
i kilo (Bertrand and Weisweillcr, Compt. rend. 

| 1913, 157, 212). 

| Bernheimer found that raw coffee beans 
| (50 kg.) roasted in a rovolvmg drum yielded a 
j liquid distillate (5 litres) and a solid portion 
(080 grams) floating thereon. Tho uncondensable 
vapours contained carbonic anhydride, and, on 
i passing them through dilute hydrochloric acid, 
a resinous body was deposited, having the ap- 
1 pearance of pyrrol-red 

A. Liquid distillate . — The crude liquid dis- 
1 tillato filtered from solid particles has a yellow 
colour and the fragrant odour of coffee. On 
agitating it with ether, and evaporatmg the 
ethereal extract over the water-bath, a dark 
heavy oil was obtained, smelling like coffee, 
and yielding, on redistillation, first a few drop 
of liquid having the odour of acetone, afterwords, 
for the most part, acetic acid and water. The 
thermometer then rose quickly to 200°, above 
which point there passed over an oil smelling 
like coffee, the temperature at the same time 
rising to 300°. Abovo this point there passed 
over a very small quantity of liquid, which 
immediately solidifiod to a mass having the 
buttery aspect and rancid odour of the higher 
fatt^ acids. This portion, and the liquid which 
passed over from 200° to 300°, were neutralised 
with sodium carbonate, whereupon a thick dark- 
coloured oil was thrown down, which was sepa- 
rated from the supernatant liquid by means of a 
tap-funnel, and washed with water rendered very 
slightly alkaline by potash. 

The alkaline wash waters contained no fatty 
acids, but, when acidified with sulphuric acid 
and agitated with ether, they yielded a subetanoe 
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which, after evaporation of the ether, filled 
the liquid with a pulp of crystals, and after 
precipitation crystallised in colourless needles, 
exhibiting the characters of qitinol (m.p. 171°), 
converted, into quinhydrone by the action of 
forrio chloride. 

The oil above mentioned, designated by 
Bernheimor as caffeol, was dried over calcium 
chloride and fractionally distilled, the greater j 
’part passing over from 195° to 197°. The dis- 
tillate smells very strongly of coffee, is ap- 
parently insoluble m cold water, but impaite to 
it the characteristic odour ; slightly soluble in 
hot water, very slightly in aqueous potash, very 
easily in alcohol and ether, the alcoholio solu- 
tion giving, with ferric, chloride, a red coloura- 
tion, which does not disappear on addition of 
sodium carbonate. Analysis led to the formula 
CgHjoOj. Caffeol is oxidised by chromic acid 
mixture, without formation of any definite pro- 
ducts. By fusion with potash it yields salicylic 
acid. The portion of the crude liquid distillate 


not taken up by ether, when oonoentrated over 
the water-bath, yielded groups of needle-shaped 
crystals, exhibiting the composition and pro* 
perties of caffeine C 8 H 10 N 4 O 2 (0*28 p.c. of the 
coffoe). The mother liquor was found to con- 
tain methi/lanunc and tnmethylamine. 

B. Solid diftlillate . — The black mass floating 
on the crude liquid distillate was found, by a 
preliminary examination, to consist of a mixture 
of the higher fatty acids. By saponification, and 
treatment of the product by Hemtz’s method of 
| separation, this mixture yielded, as chief con- 
stituent, 'palmihc acid melting at 00°, and a 
very small quantity of another acid having a 
moiting-pomt a few degrees higher than that of 
launc acid. 

The chemical composition of coffee has been 
| investigated by many chemists with various 
results. The following table gives analyses by 
0 Levesic (Arch Pharrn. [3] 8, 294) of some of 
the principal commercial vanotios of coffee : — 



dummy 
] matter 

- 


Tannic and 




Phos- 

— 

daft cine 

Pat 

culfeluiuiu 

acids 

Cellulose 

Ash 

Potash 

1 

phoric 

acid 

Finest Jamaica plan- 





. 


{ 


tation 

25*3 

1*43 

1 -1 *70 

22*7 

33*8 

3*8 

! 1*87 

0*33 

Finest green' Mocha. 

22 G 

0*G4 

21 79 

23 J 1 

29*9 

4*1 

2*13 

! 0*42 

Ceylon plantation . 

23*8 

1*53 

14*87 

20*9 i 

30*0 ' 

4*0 

j — 

0*27 

Washed Rio . 

27*4 

1*14 

15*95 

20*9 ! 

32 5 

4*5 

l 

0*51 

Costa Rica 

20*0 

1*18 

, 2W2 

21 T 

, 33 0 

1 4*9 

I *f'\ 

1 0 4G 

Malabar . 

1 25 8 

0*88 

J 18*80 

20*7 

31*9 

4*3 


0*00 

East Indian 

24*4 

1*01 

17*00 

19*5 

36*4 


i - 

" 


Commaille (Mon. Sci. [3] 0, 779) found in 
undressed Mysore coffoe : 

Hygioscopic water (extremes 

of 24 determinations) . . (i 3 to 15*7 

Fatty matters . . .12*08 

Glucose | . . . 2 GO 

Dextrin .... — 

Legumin-casem . . . 1 "52 

Albumen . . . . 1'04 

Total quantity of caffeine . 0 42 to 131 

Ash ..... 3‘882 
Coffee extract with cold water 24*97 
„ „ „ warm water 37*20 

Coffee extract with alcohol of 
60 p.c 23*15 

l)ragendorff gives the following results of 
analyses of 25 different samples of coffee from 
Ceylon, Java, Malabar, Mocha, Mysoro, and 


other places : — 

Maximum 

M'nlmum 

Mean 


per cent. 

per cent. 

per cent. 

Caffeine 

. 2*21 

0*64 

1*16 

Ash . 

. 4 87 

3*83 

4*41 

Phosphoric acid 

.' 0*72 

0*28 

0*42 


The principal constituents of coffee are 
alkaloids (caffeine and caffearinc), caffeiannic 
acid, cellulose, fat, gum, protein, sugar, water, 
and mineral matter. 

Caffeine C 6 H(CH 8 ) 3 N 4 0 2 , trimethylxanthine, 
is identical both chemically and physiologically 
with theme, the alkaloid of tea, and is closely 
related to theobromine (dimethylxanthine), the 
principal alkaloid of coooa ( q.v .). According to 


Pay on (Ann. Glum. Phys [3J 1G, 108), caffeine is 
present as a caffetannato, Gorier (Annalen, 

1908, 358, 327) states that caffeine occurs in 
coffee 'combined with potassium as potassium 
eaffeinechlorogonate C, 2 H 3fl ( >i 2 K 2 (C 8 H lo N 4 0 2 ) 2 , 
2H,0. When pure it consists of white silky 
needles, slightly hitter and odourless, almost m- 

[ soluble m ether, sparingly soluble in cold water 
| and alcohol, hut more soluble in hot water, and 
readily soluble in chloroform, by means of which 
it may be extracted from coffee. The crystals 
begin to sublime below the boiling-point of water. 

Caffeine is found also in guarana leaves, 
kola-nut, mate or Paraguay tea and to a small 
extent in cocoa as well as in coffee and tea, and 
gives to these their exhilarating qualities. 
Taken in excess, caffeine is a poison. In coffee 
it iB present to the extent of from 0*6 to 2*2 p.c. , 
the average being IT pc. Lendrich and Nott- 
bohm (Zeitsch. Nalir Genussm. 1909. 18, 299) 
report nearly 3 p.c. of caffeine m certain African 
coffoes, whilst m Madagascar and other islands 
off the east coast of Africa a variety of coffee has 
been found entirely devoid of caffeine. A 
coffee has rccontly been placed on the market 
after being deprived of practically the whole of 
ltb caffeine. V Caffeine. 

Numerous methods have been proposed for 
the estimation of caffeine. That of Lendrich 
and Nottbohm is detailed in the Analyst, 

1909, 214, and gives accurate results. A lesB 
tedious method, but sufficiently accurate for 
ordinary purposes, is that of Fendler and Stiiber 
(Zeitsch. Untersuch. Nahr. Genuss. 1914, 28, 
9-20) abstracted in the Analyst, 1914 , 394 . 
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Another alkaloid, Caffearine , having narcotio 
properties, is stated by Paladmo (Gazz. ehim. 
ital. xxv. 1895) to be present in coffee in very 
small quantity. 

Cajjelannic acid presents certain of the 
characteristics of tannin (which, however, is 
not found in roasted coffee) and to it the hitter 
taste of coffee is chiofly duo. ib is very suscep- 
tible to change, and its composition has boon 
much disputed. According to Gorter ( vide 
supra), it is a mixture of a new acid discovered 
by him and called caffalic acid, with ehlorogemo 
acid. A mothod for its estimation in coffee has 
been devised by Krug (U.S.A. Dept, of Agric. 
Div. of Chem. Bull. 13, 1)08). According to Bell, 
oaffetannic acid is present in coffee to the extent 
of from 3 to 5 p.c., and when distilled with 
manganese dioxide and sulphuric acid yields 
quinone. 

Cellulose . — In coffee this is of a very hard and 
horny character, and difficult to define under the 
microscope, especially after roasting, although 
the chief characteristics of the cellular tissue 
are more or less retained. Coffoc celluloso is 
dissolved by an ammomacal solution of copper 
oxide, and gives a blue colour with sulphuric 
acid and iodine. Remnants of the ‘ silver skin ’ 
are always present even after roasting, and its 
structure, a thin membrane with adherent, 
thick-walled, spindle-shaped, and hollow cells, 
ip quite peculiar to coffee. 

Fat forms a considerable constituent of 
coffee, varying from 10 to over 20 p.c. A loss 
occurs in roasting, due to the separation of 
volatile fatty acids. When pure, coffee fat is 
white, inodorous, and of the consistency of 
butter, melting at 37-5°. 

Protein, chiefly m the form of insoluble 
albuminoids, occurs in coffee to the extent of 


from 10 to 14 p.c., the soluble albuminoids con- 
stituting about 2 p.c. There iB but little differ- 
ence in this respect between raw and roasted 
coffee. 

Sugar. — Konig and Bell found from 5 to 9 
p.c. of sugar in raw coffee, but this practically 
disappears in roasting, being almost entirely 
converted into caramel. Horteldt and Stutzer 
(Zeitsch. angew. Chem. 1895, 469) state that 
sugar is not present as such in the raw bean, 
but only m tho form of a glucoside. Bell, 
however, found that when the saccharine 
extract of the beans is boiled with a little dilute 
sulphuric acid, a quantity of glucose is obtained 
nearly equivalent to the weight of dry extract 
operated upon, a result inconsistent with the 
existence of sugar as a glucoside. Bell considers 
that this sugar is not present as sucrose, since 
it is not inverted even after prolonged boiling 
with acetic acid. On tho other hand, the 
chomists of tho United States Department of 
Agriculture havo isolated cane sugar in con- 
siderable amount as pure, well-defined crystals 
( v . Bulletin, 13). It is usually accompanied by 
some invert sugar probably formed during the 
process of extraction, and a small percentage 
of dextrin. Starch is rarely found in the coffee 
bean. 

Water . — The moisture in raw coffeo varies 
from 8 to 14 p.c., the average being about 
1 1 p.c. After roasting, it rarely exceeds 3 p.c., 
ana frequently falls as low as 0 5 p.c. 

Mineral matter . — The total amount of ash 
vanes from 3 5 to 4 0 p c. in raw, and from 
4 0 to 5 0 p e. m roasted coffee. The composi- 
tion of the ash is shown in the following table 
(U.S A. Dept, of Agric. Div. of Chem. Bull. 13, 
904) : — 


Constituents 

Mocha 

Maracaibo 

Java 

Rio 

Sand ...... 

1-44 

0-72 

0-74 

1-34 

Silica (SiO,) ..... 

0*88 

0-88 

0-91 

0-69 

Ferric oxide (Fe 2 0 3 ) 

0-89 

0-89 

1-16 

1-77 

Lime (CaO) ..... 

7-18 

5 06 

4 84 

4-94 

Magnesia (MgO) .... 

10*68 

11-30 

11-35 

10-60 

Potash (K a O) .... 

59-84 

61-82 

62-08 

63-60 

Soda (Naj,0). .... 

0-48 

0-44 

— 

0-17 

Phosphoric acid (P 2 O ft ) . 

12-93 

1320 

14 09 

11-53 

Sulphuric acid (S0 3 ) 

443 

5-10 

4-10 

4-88 

Chlorine (Cl) 

1-25 

b 0-59 

0-73 

0-48 


10000 

ioo-oo 

100-00 

100-00 


The principal constituents are potash, 
magnesia, lime, and phosphoric acid. Ludwig, 
in his analyses of vanous parts of the Brazilian j 
coffee tree, shows that the silica increases from | 
the root upwards to the leaves and pericarp of j 
the fruit, after which it declmes in the parch- 
ment skin, and is nearly absent in the bean 
(Arch. Pharm. [3] 1, 482). Graham, Stenhouse, 
and Campbell inferred that sodium compounds 
are entirely absent in coffee (vide table m Bell’s 
Food Adulteration, 46), but although this is 
not absolutely correct, the amouVit, as shown in 
the above table, is very minute. 

Adulteration of coffeo is very common, and 


tho number and variety of the adulterants is 
almost unlimited. 

Colouring is frequently employed in order 
to disguise damaged beans and give them tho 
appearance of superior quality, a practice 
analogous to the ‘ facing ’ of tea. Tho substances 
most commonly employed are, for the raw beans, 
chrome yellow, yellow ochre indigo, Prussian 
blue, azo- dyes, and soapstone for polishing ; 
and for the roasted beans, burnt umber, oxide 
of iron, Venetian red, ferruginous earth and 
i clay. The inorganic colouring matters are best 
! sought for m the ash or in the sediment obtained 
by shaking the beans in cold water ; indigo and 
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Prussian blue by their usual reactions ; and other 
organic colouring matters after extracting them 
with alcohol. 

Glazing is a process resortod to for the alleged 
purpose of improving the keeping properties of 
the roasted beans, and tho substances used, a 
mixture of egg albumen with glucose or gum, are 
said to have the effect of clarifying the infusion. 
The unproved appearance of the beans and 
increased weight due to the retention of 
moisture, are probably also important considera- 
tions. The latter result is sometimes attained 
by the addition of sugar before roasting, or by 
actually steaming tho beans and coating them 
with glycerine, palm oil, or vaseline, to provent 
evaporation of moisture. Bertarolli (Zeitsch. 
Nahr. Gonussm. 1900, iii. 081) describes the 
adulteration of roasted coffee beans with a 
solution of borax, winch not only gives tho beans 
a glossy appearance, but also adds as much as 
12 p.c. to their weight. 

Shellac is occasionally used for glazing, and 
Nottbolnn and Koch draw attention to the fact 
that shellac is sometimes coloured by arsenic 
trisulphide. Coffee beans which had been 
glazed with arsenical shellac were found to be 
strongly contaminated with arsenic (Zoitsch 
Nahr. Clenussm. 1911, 21, 288). 

Coffee substitute# comprise a large number of 
vegetable substances, roosted and ground, and 
having for their object either the production of 
a stronger infusion than can lie obtained from 
coffee alone, or the simulation of eoftec in order" 
to give weight by the use of thick-walled 
vegetable tissue of hard or leathery consistency. 
The former, of which chicory is the type, includes 
acorns, beet refuse, biscuits, bran, cereals 
(barley, buckwheat, maize, malt, oats, rye, and 
wheat); caramel ( burnt sugar) ; carrots, dande- 
lion root, ligs, lupin seeds, mangolds, parsnips, 
peas, beans, and other leguminous seeds, turnip, 
&c. ; whilst the latter comprise such substances 
as coffee husks, cassia seeds, date stones, grape I 
stones, locust or carub beans, sawdust, vegetable 
ivory dust, &c. 

Imitation, coffee . — Although adulteration is 
naturally more prevalent in ground coffee than 
in the beans, yet the latter have been prepared 
artificially and on a large scale from the above 
adulterants (generally without any admixture 
of coffee), held together by means of gum, 
molasses, or stiff clay, and skilfully moulded 
into the form of coffee beans. 

The detection of the adulterant above 
referred to is best effected by means of the 
microscope. By simply digesting with water, 
a ready means is afforded of differentiating 
botween the pale soft-walled tissues of cereals 
and roots and the dark-coloured and hard- walled 
tissue of coffee. The former may readily be 
detected and identified by the presence and 
characteristics of their starch, coffee (and chicory) 
being practically free from starch. The use of 
bleaching reagents is of great assistance in the 
microscopical examination, and reference might 
usefully De made to the drawings and photo- 
graphs reproduced jn the works of Bell, Leach, 
VilUers et Collin, and Wiley, and in the Coffee 
Report of Graham, Stenhouse, and Campbell, 
roforrred to below. 

The chemical differences between coffee and ! 
its adulterants are also strongly marked, as j 


mixtures usually give high aqueous extraot^and 
sugar, and low fat and caffeine. The density is a 
useful factor in detecting the sophistication of 
coffee, and, in particular, the artificial moistening 
of the berries. In the PariB Municipal Labora- 
tory, llegnault’s volumenometer, as modified 
by Dupr6, is used for this purpose. According to 
the French chemists, the density of raw coffee 
vanes botween 1'041 and L368, and that of 
roasted coffee between O’GOO and 0-635. 

By far the most important adulterant of 
coffoo is chicory (q.v.), but owing to the publio 
preference for an admixture of chicory with 
coffee, it is now regarded in tho light of an 
adjunct to rather than an adulterant of coffee, 
provided its presence in the mixture is disclosed. 
Chicory has little in common with coffee except 
a conHiderable proportion of sugar, which is 
converted into caramel in tho roasting, and thus 
imparts to the infusion a bitter taste and aroma 
somewhat resembling that of coffee. This and 
tho stronger infusion obtained as well as tho 
comparative cheapness of chicory and similar sub- 
stances, has, no doubt, led to the present extensive 
use of chicory and other coffee substitutes. 

An elaborate research into tho nature of 
coffee and chicory, with a view to the detection 
of adulteration, was made at the instance of tho 
Commissioners of Inland Revenue in 1852 by 
some of tho leading botanists and chemists of 
the day, viz. Lindley and Hooker, and Graham, 
Stenhouse, and Campbell, and the results, 
chemical and physical, as well ae microscopical 
embodied in their reports are of great practical 
value even at the present tune. 

The following table by Graham, Stenhouse, 
and Campbell, shows tho sp gr. at 60°F. of 
sulutions made by treating one part of each of 
the substances named (roasted and finely ground) 
with 10 parts of water (by weight), raising the 
mixture io boiling-point, where it is maintained 
for half a minute, then filtering and cooling : — 

Sj-ecikic Gravities ok Solutions at 60°F. 


(he Part of Snbslavei 


tv 10 Part* of B ahr. 


Spent tan 

. 1002-1 

Date stones . 

. 1002-9 

Lupin seed . 

. 1005-7 

Acorns 

. 1007'3 

Peas .... 

. 1007-3 

Mocha coffee 

. 1008-0 

Beans .... 

. 1008-4 

Neilgherry coffee . 

. 1008'4 

Plantation Ceylon coffee 

. 1008*7 

Java coffee . 

. 1008-7 

Jamaica coffee 

. 1008-7 

Native Ceylon coffee 

. 1009-0 

Costa Rica coffee . 

. 1009-5 

Parsnips 

. 1014-3 

Carrots 

. 1017*1 

Black malt . 

. 1021-2 

Turnips 

. 1021-4 

Rye malt 

. 1021-6 

English chicory 

. 1021-7 

Dandelion root 

. 1021-9 

Red beet 

. 1022-1 

Foreign chioory . 

. 1022-6 

Guemsev chicory . 

. 1023-2 

Mangold wurzel . 

. 1023-5 

Roosted figs 

. 1024-9 

Maize 

. 1025-3 

Bread raspings 

. 1026*3 
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It will be seen from the above table that the 
low sp.gr. of the coffee infusion distinguishes 
it from the roots and cereals, and when chicory 
is the only substance admixed with the coffee, 
its percentage may be calculated with approxi- 
mate accuracy by a comparison of the density 
of the infusion of the mixture with the average 
densities of coffee and chicory given in the 
foregoing table. 

The same observers lay stress on the relative 
colouring power of roasted coffee and chicory, 
the latter Doing four and a half times as great 
as the former. This property affords a simplo 
device for detecting the presenco of roasted 
chicory or other substances containing caramel 
when admixed with coffee. A fow grains of 
the sample are placed on the surface of cold 
water in a glass, without stirring, when, if 
roasted chicory or similar substance be present, 
eaoh particle omits a yellowish-brown coloured 
cloud, which is rapidly diffused m streaks 
through the water till the whole acquires a 
brownish colour, whilst puro coffee gives practi- 
cally no colour to the water m similar circum- 
stances. The chicory readily sinks, whilst nearly 
the whole of the coffee floats. • 

If examined under the microscope, the 
sediment of chicory which reaches the bottom 
of the vessel will be found to exhibit- the charac- 
teristic loose, large cells, with dotted vessels 
and brandling lactiferous ducts. Even to j 
the touch the difference is evident, for, whilst I 
chicory under these conditions will feel soft 
and smooth, the coffee grains remain hard and I 
gritty. 

A. Wintor Blyt-h (Foods ; thei# Composition 
and Analysis, 359) gives the following sum- 
mary of the influence of chicory on the coffee 
mixture : — 

(1) It decreases the gum, the latter seldom 
rising in chicory to more than 15 p.c., whilst in 
coffee it has not been found less than from 21 
to 28 p.c. 

(2) It increases tho sugar, roasted coffee 
having seldom so much as 2 pc. of sugar ; 
whilst chicory, when roasted, has at least 8 or 9 
p.c. 

(3) It decreases tho fatty matter, the fat of 
chicory ranging from 1 to over 2 p.c., that of 
coffeo being about 14 to over 20 p.c. 

(4) It decreases the tannic and caffeotannic 
acids, chicory being destitute of tannin. 

(5) It decreases the caffeino, chicory pos- 
sessing no alkaloid. 

(6) It profoundly modifies the constitution 
of the ash, especially by introducing silica, 
which is not found to any great extent in coffee 
ash. 

Graham, Stenhouse, and Campbell laid stress 
upon the presence of silica as a means of detec- 
tion of tho admixture of ehioory. Their 
analysis, showing the principal differences in 
tho composition of the respective asheS, gives : 


Silica and sand 
Carbonic acid 
Ferrio oxide 
Chlorine 


In coffee ash In chicory ash 

10*69 to 35*85 

14*92 1*78 „ 3*19 

0*44 to 0*98 3*13 „ 5*32 
0*26 „ 1*11 3*28 „ 4*93 


There is a marked difference in the propor- 
tion of ash soluble in water, that from coffee 
Vol. II. — T. 


amounting to from 75 to 85 p.o., and in chicory 
from 21 to 35 p.c. 

Negro or Mogdad coffee consists of the seeds 
of Cassia occidentals. It contains no caffeine 
nor starch, and its infusion more nearly ap- 
proaches the character of genuine coffee than 
any other known coffeo substitute. 

Mu.wac.vdar coffee is derived from the 
seeds of Qaertncra vaqimta. It contains no 
caffeine. 

French coffee is a description commonly 
applied to a mixture of coffee with burnt sugar 
and a large proportion of chicory. Ab the latter 
ingredients readily absorb moisture on exposure 
to the air, such mixtures are usually preserved 
m tins. 

Various fraudulent coffeo substitutes have 
been imposed upon the public by specious 
advertising under fancy names, and as possessing 
certain desirable qualities not found m coffee. 
Such are Kami kaffee, consisting of roasted roots 
or cereals, and often moulded into the form of 
coffee beans ; Pelotus coffee and Coffer surrogate, 
made from ground acorns ; Date coffee from date 
stones, or torrefied dates mixed with a small 
proportion of coffee ; and many others. 

The grosser forms of adulteration above 
referred to are much more prevalent m the 
coffee-drinking countries of the continent of 
Europe and m the United States of America 
than m tho United Kingdom. J. C. 

COGNAC v. Brandy. 

v C0HUNE NUT FAT. Tho nuts of tho 
Coliune Palm (Attalca cohuru), indigenous to 
British Honduras, yield from 05 to 72 p.e. of 
a white solid fat resembling coco-nut oil. Sp.gr. 
at 100715*5 o 0*868 to 0*871 ; acid value 1*2 to 
20*4 ; saponification value 252*4-256*5 ; iodine 
value 1 1*0 to 13*7 ; Hehner value 87*7 ; Reichert* 
Meissl value 6*8 to 8*3 ; Polenske value 12*5 and 
15*4. Solidifying point of fatty acids 19*7°- 
21*0° (Bull. Imp. Inst. 1913, 11, 226; 1914, 
396). 

COKE MANUFACTURE AND THE RE- 
COVERY OF BY-PRODUCTS. 

Introduction.. — Previous to the early nineties, 
practically the whole of British metallurgical 
coke was made in the old beehive oven, which, 
as will be seen from what follows, is a semi, 
combustion process, involving the loss of tho 
whole of tho gas and by-products, together with 
a portion of tho possible coke yield. With tho 
gradual disappearance of the old prejudices 
against coke* made in by-product ovens, the, 
latter and much more economical process began 
to assert itself, and in 1898, 1*25 million tons of 
coal were being carbonised in by-product coke 
ovens ; in 1905 the quantity of coal so treated 
reached 3*31 millions; and in 1916, about 
14*60 millions. Meanwhile, tho number of 
beehive ovens in operation had decreased from 
16,037 in 1910, to 6892 in 1916. According to 
figures published by the Coal Conservation 
Committee at the end of 1917, som^8700 by- 
product ovens were in operation in Great 
Britain (of which 8000 were fitted with benzol 
recovery arrangements) with a tptal carbonising 
capacity of 17*5 million tons of coal per annum. 
In 1917, 166,354 tons of ammonium sulphate 
were produced in British coke-oven plants. The 
practice of by-product recovery bad become 
universal in Germany years ago; whilst in the 
Y 



322 


COKE MANUFACTURE AND THE RECOVERY OF. BY-PRODUCTS. 


United States the by-product plants, either 
building or in operation at the end of 1917, 
were capable of producing 24 million tons of 
coke per annum. In view of this rapid adoption 
of the by-product coking process in all these 
countries, the following article will bo confined 
to a description of modern coking methods viewed 
chiefly from a by-product standpoint, with 
only a passing reference to the wasteful beehive 
proooss. 

Malory of the hy -product cohug ptucesa - 
The earliest reference which we can find of any 
observation being made on coal as a source of 
by-products is that contained in the memoirs of 
Johann Joachim Becher, dating about the end 
of the 17th century , Roeher states that he 
has found means for treating coal ‘ so that it no 
longer smoakes nor stinks,’ and in doing so 
made a tar equal to the Swedish. 

The use of coke 1 in iron smelting became 
general within 50 years of Bccher’s discovery, 
and a French metallurgist. Do Gensanne. de- 
scribes a process working at Sulzbach near 
Saarbrucls.cn prior to 1708, where coal was coked 
for iron smelting, tar being recovered as a by- 
product ; Stahl is said to have been the inventor 
of this process, and he produced therefrom 
an ‘ oil,’ bitumen, sal-ammoniac, and lamp- 
black. 

In 1781 Archibald, Earl of Dundonald, was 
granted a patent for 1 allowing coals to bum or 
ignite without flaming, so by their own heat to 
throw off the tar or oils that they contain.’ 
Dundonald st ated that the only method whereby 
tars could be obtained prior to his discovery, 
was by a distillation in closed retorts, where 
the admission of external air was prevented, 
and where other coals wore required for heating 
besides the coal contained in the closed vessel 
It is interesting to note that Dundonald was 
perfectly aware of distillation in closed retorts, 
which is the basis of modem by-product 
coking methods, and it is also evident that 
his knowledge of closed retorts was It* years 
previous to the introduction of coal gas for 
street and household illumination in 1797. 

In 1838 Frederick Neville obtained protec- 
tion for an invention which consisted in heating 
ordinary gas retorts by the waste heat from 
beehive coke ovens, the distilled gases from the 
retorts being passed though condensing and 
scrubbing appliances William Newton, in 1852, 
introduced the nso of an aspirator "or pump for 
"withdrawing the gases from coke dVens through 
condensers and rubbers Newton Ukewiso 
mentions the use of acids for removing the 
ammonia from the gases. In 1860 W. H. 
Kingston patented a coke oven provided with 
external furnace, from which the heat evolved 
by the combustion of an auxiliary supply of 
ooal was conducted round the oven through a 
system of flues ; the pvolved gases were passed 
through a series of pipes and condensing vessels 
for the ro#)very of the by-products. Kingston’s 
patent is especially noteworthy, since he recog- 
nises that the true method for the recovery of 
by-products from coal lies in heating the coal in 
closed chambers, and not in chambers to which 
air is admitted. 

With regard t-o Continental practice, in 1850 
M. M. Pauwels and Dubouchet, and in 1862, 
Pemelot, introduced systems of carbonising 


coking coals in long rectangular chambers, 
heated from below by the regulated combustion 
of part of the gas in flues specially constructed 
under the floor, for the purposes of manufacturing 
metallurgical coke and removing tars, oils, ana 
ammonia. The Pernelot system was tried in 
the north of England m 1870, but the coke 
produced was too soft for metallurgical pur- 
poses 

Tn J85C) Knab erected a coal-distillation 
plant at Comm entry, on the closed-retort 
system with bottom flues, but made no attempt 
to recover by-products Later Knab was joined 
by Carvbs, who (1866-1873) introduced 
improved methods of heating by side flues in 
addition to the bottom flues, thus obtaining a 
more oven distil bution of temperature and a 
quicker rate of carbonisation. Carves likewise 
utilised the gases (from which the by-pioducts 
had been extracted) in the side-wall flues, m 
addition to the auxiliary coal as employed by 
Knab The Knab-Carves ovens at Commentry 
irave the following results — 


Largo coke 

. 70 00 

Breeze . 

. 1-50 

Dust 

. 2-50 

Graphite 

. 0-50 

Tar 

. 4-00 

Ammomacal liquor 

. 9 00 

Gas 

10 58 

Loss 

192 

100 ’00 


Further plants on the Carves system were 
erected at Lessees and Terre -Moire, near St. 
Etienne, between the years 1866 anti 1873, and 
were still further improved ; the Carves ovens 
working at Bosseges in 1880 were built with 
carbonising chambers only 24 inches wide, to 
facilitate rapid heat penetration and quick 
carbonisation. In 1881 Mr. H. Simon of 
Manchester introduced a recuperator, whereby 
the air necessary for the combustion of the gas 
m the side-wall flues of the Carves oven was 
preheated by the waste gases escaping from the 
flues, and thus the rate of carbonisation was 
still further increased, the combined work of 
the two investigators resulting in the well- 
known Simon-Carvta oven, which may be held 
to be the precursor of the modern by-product 
coking retort. 

Following on tho success of the Simon- 
Carv^s process, other coke-oven patents were 
filed, viz. Semet-Solvay, 1880; Hussener, 1881 ; 
Lurmann, 1882 ; Otto and Brunck, 1883 ; but 
although development was rapid on the Con- 
tinent., little was done in this country before 
the nineties, owing to the prejudice of iron 
smelters against by-product coke ; that this 
prejudice has now disappeared will be seen from 
the rapid adoption of the process, indicated by 
the figures at the beginning of this article. The 
by-product coking plants which have generally 
found acceptance in this country are the Otto- 
Hilgenstock, Simon-Carves, Koppera, Semet- 
Solvay, Simplex, Copp6e, and Hussener. 

Non-by-product and by-product ovens com- 
pared . — Prior to the establishment of the by- 
product coking process, the type of oven univer- 
sally employed was that known as the beehive. 
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This oven (Fig. 1) consists of a firoclay chamber, 
beehive shape in olovation and circular in plan, 
provided with a loose brick charging door at 
ground level, and with an exit flue in its crown 
for carrying the waste gases to the chimney. 
The coal is charged into the oven by spades, 
through the charging door, to a fieight of 
2 feet 6 inches to 3 feet, is then ignited, and the 
charging door bricked up and plastered, a small 
hole 0 inches square being left for the admission 
of air. The upper layer of the coal burns a.nd 
sets up distillation of the under layers, the 
evolved gases passing upwards and burning 
in the dome of the oven, with the air drawn in 
at the door. The dome is thus soon heated 
up to a high temperature, and by radiation 
powerfully assists m carbonising the charge of 
•coal below. This operation of distillation and 
immediate combustion proceeds until the whole 
of the volatile constituents of the coal have 
been evolved, which for a 10-ton charge occupies 
70 hours. The coke is then quenched with 
water and withdrawn by rakes 

It will be seen that by this process, the whole 
of tho volatile products, that is to say, benzols 
and ammonia together with tho permanent gases, 
are burned immediately they are evolved within 
the coking chain here itself ; further it is not 
possible to so regulate the combustion of these 
gases without burning a portion of the coke 
in addition ; in actual practice, from 15 to 
20 p.c. of the coke is burned to waste. For 
the reason, too, that the coke is quenched 
inside the oven, the temperature of the latter is 
lowered, so that before the next charge can bo 
coked, considerable expenditure of heat is 
necessary to raise the oven to coking tempera- 
ture. The removal of the coke by hand-rakes 
is also tedious and expensive 

With the object of overcoming the main 
drawbacks of the beehive oven, Copp6e intro- 
duced a non-by-product retort of rectangular 
form, from which the coke could bo discharged 
en bloc by a ramming machine and quenched 
outside the oven, thus expediting the operation 
and greatly increasing the yield. In Copp6e’s 
oven (Fig. 2) the gases evolved from the coal 
aro drawn into flues in the side walls where 
they aro burned, and m this way com- 
bustion within tho coking chamber and loss 
of coke, as occurs in the beehive oven, is 
avoided. 

The by-product retort (Fig. 3) is built on the 
same lines as the Copp£e, that is to say, it is 
a rectangular chamber heated by flues m the 
side walls, and the coko is discharged by a 
ramming machine ; the essential point of 
difforenco lies in the fact, that in the Oopp6e 
tho whole of the gases containing the by-products 
are drawn immediately they are evolved into 
the side-wall heating flues, where they are 
burned ; in the by-product, retort, the gases 
and products aro drawn from the oven through 
cooling and washing plant for the recovery of 
the tars, ammonia, and benzol, and the perma- 
nent gas only is burned in the flues after the 
Baid products have been extracted. In the 
Coppee, the whole of the permanent gas is 
burned in the heating flues ; in the by-product 
oven, only one-half to two-thirds of the gas is 
utilised in the flues, the remainder being avail- 
able for heating or power purposes. 


The following diagrams illustrate the essential 
differences in the three types of oven. 



Fig. 1. — Beehive, 




Fig. 2. — Cottee. Fig. 3. — By-product 

RETORT. 

It will be seen, therefore, that in addition to 
effecting tho theoretical coke yield, and a large 
output, the by-product retort yields valuable 
by-products and a considerable yield of power 
or heating gas. Tho average yields (calculated 
upon 100 parts of dry coal) of coke and by-pro- 
ducts obtainable from British cokmg coals of 
different origin by the most up-to-date methods, 
are approxufnately as follows : — 


Origin 

Coke 

Anhyd 

tar 

Crude 

benzol 

Ammo- 

nium 

sulphate 

Durham . 

76 '0 

3-85 

0-93 

116 

South Yorkshire 

70-0 

3-62 

1-37 

1*36 

Lancashire 

70-0 

3 50 

1-20 

1*25 

South Wales 

80-0 

2-62 

0-60 

0'96 

Scotland . 

68'0 

3 26 

0-70 

100 


The by-product proem desertoed in detail . — 
The by-product retort usually measures from 
30 to 83 feet in length, from 5 feet 9 inches to 
7 feet 6 inches in height, from 17 to 22 inches 
in width, and is built in batteries of from 26 to 
60 ovens, capable of carbonising from 100 to 360 
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Table showiko the Return from carbonising a Lancashire Coal containing 30 fc.c. 
Volatile Matter, ae. a Theoretical Coke Yield of 70 p.c. in the Three Types of Oven. 


Beeliive 

Coppte 

By-product retort 

Combustion within coking 

Coking chamber heated ex- 

Coking chamber heated ex- 

chamber, quenching inside 

ternally by gas from which 

ternally by gas from which 

oven 

by-products not extracted . 
quenching outside oven 

by-products have been ex- 
tracted ; quenching outside 

oven 

Yiold of dry coke = 50 p.c. 

70 p.c. 

70 p c. 

„ tar — 

— 

4 0 to 4 5 p.e. 

„ sulphate of ammonia 

— 

1 '0 to 1 ‘2 ]) c. 

„ benzol — 

Waste heat — 


2’5 to 3 0 gallons of crude 
benzol testing 02 p.c. at 
120° per ton of coal 

In most eases not utilised 

Always utilised . equal to I ton 

Always utilised • equal to 1 ton 

ljut approximately equal to 

of water per ton of eoal ' 

of water per ton of coal 

0'75 ton of water evapo- 
rated per ton of coal 
carbonised 

Amount of coke produced per 

carbonised 

carbonised 

Surplus gas if required for 
other purposes than steam 
raising, c.y gas enginos or 
' furnaces, 3000 to 5000 
cubic feet per ton of coal 

oven per week — 7 to 10 tons 

24 to 2<> tonR 

24 to 20 tons 


tons of coal per day. Each oven is provided 
with cast-iron or rolled-steel doors at each end, 
lifted by a small crane whenever an oven is 
discharged, and with three holes m the roof 
through which the coal ib charged into the 
oven from the charging hoppers ; a fourth hole 
is provided, through which the gases are led to 
an ascension pipe; from which they pass to 
tho by-product plant. The oven linings and 
combustion lines are constructed of silicious 
firebricks containing from 80 to 84 p.c. of silica, 
from 13 to 18 p.c. of alumina, and 2 p c. of 
other constituents (iron oxide, lime, magnesia, 
and the alkalis). In the United States, how- 
ever, silica bricks (SiO g =94p.c.) aie extensively 
employed. They arc suponor in heat conductivity 
to a more aluminous brick, but are less satis- 
factory whon ‘washed ’ coals (containing say 
10 to 15 p.c. water) are being coked The design 
of tho heating flues constitutes the main difference 
between the various types of oven ; the Simon- 
Carves, Semet-Solvay, Hussener, and Simplex 
containing horizontal flues; theOtto-Hilgenstock, 
Otto-Hotfmann and Koppors prefer vertical flues 
(Pigs. 4 and 5). In all cases the air required 
•for the combustion of the gas in the heating 
flues is preheated either by passing it through 
recuperators in which it travels through a system 
of flues situated alongside the waste gas flues of 
the oven, or through regenerators similar to 
those employed in open-hearth steel furnaces, 
where the hot wasto gases and air are alternately 
taken over ‘the same surface (Fig. 6). Where cf 
large supply of surplus gas is desired from a 
coking plant, the regenerative method of pre- 
heating the air is to be preferred, since it iff 
more effective and less gas is required for heating 
the flues ; the amount of surplus gas available 
from a Lancashire coal containing 30 p.c. of 
volatile matter, may be taken at 2000 cubic feet 
per ton, where recuperative heating is employed, 


and 5000 cubic feet per ton when* regenoratives 
arc used 

The coal is generally charged into the oven 
through the crown from small hoppers, carrying 
the coal on rails from the storage bunker, 
the coal flowing into the oven being levelled by 
hand -rake or levelling machine. In cases where 
the coal employed is not of a strong coking 
character, the fuel is stamped into a solid cart- 
ridge in a compressing machine and charged 
into the oven on bloc, through the end doorway, 
The coke is discharged from the oven by a ram. 
generally electrically driven , often the levelling 
machine or compressor is built oil the same 
carriage as the rani, and driven by the same 
motor. The coke is received from tho ovens 
on a sloping bench, where it. is quenched with 
water, and from which it slides into railway 
trucks, furnace barrows, or a conveyor. The 
heating flues of each oven discharge into a 
common flue, which leads tho wasto gases in 
the case of recuperator *typeR to steam boilers ; 
with regenerator-ovens, the gascB are led direct 
to the chimney stack. The gases distilled from 
the coal collect above the level of the fuel and 
pass forward to tho ascension pipe or stand 
pipe, which delivers the gas into the tar or 
hydraulic main, which receives the gases from 
the entire battery. A valve or damper is pro- 
vided on each ascension pipe for shutting off 
each oven whilst tho latter is being discharged 
and recharged. In the tar or hydLraulic main 
tho heavier tars or pitches arc deposited, and 
in the ‘ dry ’ types of main, it is necessary to 
pump the thinner tars made at a later stage 
of the cooling, through the main to clear the 
pitch and prevent stoppages. 

In the older systems of by-product recovery, 
which are now being rapidly superseded by' 
more ‘ direct ’ methods (j.v.), the gases are 
drawn from the main by an exhauster (either 
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steam or electrioally driven), a Root’s blower, state of division, and which no amount of i 
or some form of aspirator, through coolers, cooling would remove. The tar extractor of 
These eoolers are either plain pipes or cylinders which the Polouze Andouin and Livesay are 
offering a large amount of atmospheric cooling types, operates by dividing the gas into numerous 
surface, or are water-cooled chambers; in tmn streams by means of very small gas passages, 
these condensers, the bulk of the remaining the agglomeration and removal of the tar , 
tar, together with the greater proportion of the particles being effected by tho wire drawing and , 
ammonia liquor, is precipitated. From the friction thus afforded. 

condensers, tho gasos pass into the exhauster Ffom the tar catcher the gases pass into the 
or aspirator, which then delivers them at a ammonia scrubber, where the last of the ammonia 
prossure into a tar-fog extractor. This vessel not recovered by the condensers is removed by 
is employed to remove the last traces of tar contact with weak ammonia liquor and water, 
which exist in tho gas m an extremely lino j Tho types of ammonia scrubber generally em- 



W 

Fia. 7. — Showing arrangement of Uas Cooling, Scrubbing of Sulphate of Ammonia 
Plant, Old Method. 

A, ttven. H, Liquor feed to sci libber. N, Cooler for sulphate plant, R, Limo feed to still. 

B, Hydraulic main. .1 Tar pump to storo. waste gases. K, Satuiator 

C, Condense! » or coolers. K, Liquoi pump to sulphate 0, Superheater. T, Sulphat e draining table, 

D, Tar catcher (Pelouze). plant. 1*, Purlliers for sulphate V, Mother liquor well. 

E, Exhauster. L, Tar and ammonia-liquor plant, waste gases. V, Spent, liquor outlet. 

F, Scrubber. tank. Q, Ammoultf still. W, Spent liquor settling 

G, Return main to ovens. M, Liquor feed to still. tank. 

ployed are similar to those omployod at gas heavy oil being employed for the solution and 
works, and are either of the tower or rotary recovery of the benzol vapour, 
form. In the tower scrubber, tho gases pass The gas having been freed from- its tor, 
upwards through a moss of coke or other open ammonia liquor, and benzol, is then passed 
material, meeting a downward current of water forward to the ovens, where it is fed into the 
or ammonia liquor pumped in at the top. Tn heating flues, the surplus being passed forward 
the rotary scrubber, the gas is caused to im- to bolters, gas engines, or gas holder, 
pmge on revolving brushes or circular wooden* Tho tars and ammonia liquors made in the 
soreens, which dip into the water or liquor in hydraulic main, condensers, tar catchers, and 
the lower half of the vessel, and pasH upwards ammonia Bcrubber are collected and run into 
with wet surfaces into the upper half of the separators or tanks, where the denser tar settles 
scrubber, where the gas is circulating, and solu- to the bottom, is withdrawn and despatched to 
tion of ammonia is attained. The gas then the tar stores. Tho liquors which remain 
passes forward to the benzol scrubber, which iB above" the' u tar arc run off to the sulphate of 
constructed on similar lines to that employed ammonia plant, whoro the liquor is pumped 
for ammonia removal, creosote or anthracene into overhead store tanks, whence it is allowed 
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to flow by gravity through a preheater (heated 
by the waste gases from the sulphate plant), 
and thence into a distilling column, where it 
flows downwards, meeting in its travel an up- 
ward current of steam, which liberates the free 
or combined ammonia. In the lower half of 
the still, milk of lime is mixed with the liquor 
for the liberation of the ammonia from the fixed 
salts ; the whole of the ammonia, together with 
steam, sulphuretted hydrogen, carbonic acid, and 
hydrocyanic acid, pass upwards through the 
still and into a lead-lined vessel called the 
saturator, containing sulphuric acid. The am- 
monia combines with the acid to form ammo- 
nium sulphate, which, when the liquor in the 
bath bocomcs saturated, crystallises out and is 
removed either by copper scoops, a valve, or 
by a steam injector. The sulphuretted hydro- 
gen and other gases pass from the saturator 
to the preheater, where they serve to heat the 
liquor passing to the still ; thence the gases 
travel to a condenser where they are cooled, 
and afterwards to purifiers whore the sulphur- 
etted hydrogen is removed by oxido of iron. 
The waste liquors, which should not contain 
more than 001 p.c ammonia, are run into tho 
sewers or watercourses, and are a frequent 
source of trouble to the nvei boards. 15y the 
Otto-llilgonstock method of by-product re- 
covery, to bo described later, the production of 
these waste liquors is entirely obviated. 

The recovery of crude benzol from its solution 
m eroosoto or anthracene oil is efTected in a 
distilling column somewhat similar to that 
employed for the recovery of ammonia from 
liquor, tho heating of the solution of benzol in 
the absorbent being effected by wet steam 
assisted by dry steam. The vapours, steam, 
and benzol pass from the top of the still to a 
water-cooled coil, where they are together 
condensed, the condensates being separated 
by reason of their different, densities. The 
grade of erudo benzol thus obtained varies 
with tho elass of absorbent oil employed ; with 
creosote, (>2 p.-e. of the product distils at 120°, 
with anthracene oil the benzol is richer, 80 p.c. 
distilling at 120°. For the rectification of 
crude benzol, the product is washed successively 
with strongest oil of vitriol, water, and caustic 
soda, and redistilled. « 

Direct Recovery Systems . — Two successful 
attompts have been made to simplify the old 
system of treatment of coke-oven gases for the 
recovery of ammonia, viz. the inventions of the 
Koppers and Otto-Hilgenstoek Coke Oven Com- 
panies. Koppers treats his gases by the old 
system up to tho point of tho tar-fog extraction. 
He then reheats his tar-freo gas by passing it 
in pipes surrounded by the hot gases coming 
from the ovens m an apparatus called a heat 
exchanger, and then passes the heated gas direct 
into a sulphate saturator, into which is likewise 
passed the ammonia from the liquor made in 
the condensers, which is distilled in an ordinary 
ammonia still. In short, Koppers abolishes the 
usual ammonia scrubber and substitutes the 
sulphate saturator, thus making his sulphate 
direct on the gas main (Fig. 9). By thus using 
the sulphurio acid in the saturator for scrubbing 
out the ammonia, Koppers dispenses with the 
water utilised in the old scrubber, thereby re- 
ducing the total amount of liquor produced, and 
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effecting an economy in the amount of steam 
required in the ammonia distillation. 

A more exterisive simplification is effeoted 
by the invention of the Otto-Hilgenstock Co. 
of Dahlhausen, who dispense entirely with the 
old condensing plant and remove the tar from 


| the gases by means of a tar spray at a tempera- 
ture above the dew-point of the liquors.. The 
tar-free gases then pass direct into a saturator, 
where the whole of the ammonia is caught by 
sulphurio acid. The gases issuing from the 
saturator still contain their liquors in steam 



Fiu. 9. — Hoppers’ By-product Recovery Process. 


A, Oven. 

It, Ilydiuulic main. 
(', iloat exchanger. 
I), Coudeusers. 

E, Exhauster 


F, Tar extractor. 

G, Liquor pump to still. 

H, Feed tank to still., 

I, Liming chamber. 


J, Ammonia still. 

K, Saturator. 

L, Acid spray catch-box. 

M, Tar Btore tank. 


N, Tar of liquor receiving 

tank. 

O, Liquor tank. 

P, Pump delivering tai to 

railway trucks. 


form, and the whole passes forward to the oven- 
flues, and the offensive and troublesome waste 
liquors are thus got nd of. The Otto system, 
by abolishing the condensing plant, liquor tanks, 
ammonia stills, lime mixers, and pumps, waste 
liquor tanks, &c , effects a great economy in 
ground space. It likewise saves nearly the 
whole of the steam requirod to distil the 
ammonia liquor made by the old condensing I 


process, and, by passing the whole of the 
ammonia through sulphuric acid, losses of 
ammonia, which are liable to occur in the old 
process of ammonia liquor distillation, are 
rendered impossible. The ammonium sulphate 
made by the Otto direct-recovery, tests from 
25 to 25*5 p.e. of ammonia, and contains only ■ 
the morest traces of tar, viz. 0’05-OT p.c. 
(Figs. 10, 11, and 12). 



A, Tar-spray. F, Saturator. J. Tar store. M, Pump delivering con* 

B, Tar-spiay receiving tank.G, Acid spray cuteh-box. K, Tar spray overflow (leasings to saturator. 

C, Tar-spray pump. H, Mother liquor return tank. N, Pump delivering tar to 

D, Tar-spray feed pump. pipe. L, Cc*idonsing tank. railway trucks. 

E, Exhauster. 

Modern Methods for the Recovery of situation prevents all fear of any acid spray being 
Naphthalene and Benzols. carried over from the saturator) and on to the 

Recovery of Naphthalene . — The gas from the naphthalene extractor and spray cooling tower, h. 
saturator, which is now'freed from both ammonia (Fig. 13.) This tower is quite devoid of any 
and tar, but still containing the benzol, moisture filling or apparatus, but at the top there are 
and naphthalene, passes through a lead-lined several jets through which cold water is sprayed 
catch pot (not shown in the diagram, but whose at high pressure. The action of this mass of 
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finely- divided cold water beating suddenly on 
to tne hot gas produces a rapid chill, which, 
together with the concussion brought about by 
the water, precipitates and washes out practically 
all the naphthalene, which flows away along 
with the water into a catch tank beneath this 
apparatus. The naphthaleno is filtored off 
whilst the water can be cither allowed to flow 
away, or re-cooled and used over again con- 
tinuously, as cu cum, stances peimit. This towel 
■ Also serves the purposes of cooling the gases. 
It is necessary to extract the naphthalene, 
0 | otherwise it would pass on to the benzol sorub- 
U | hers, whore it would be dissolved by the benzol 
'a i wash oil, which would very soon become 
x i saturated with naphthalene and Tendered useless 
for the purpose of collecting benzol The 
£ naphthalene thus extracted is of a pale yellow 
o colour, and is 1 caddy sold m this country foi 
o | 50 ft. a ton, which moie than pays the cost of 
£ I running this part of the plant 
£ I Recovery of Benzol s — The gas now being 
§ cooled but still lontaimng the benzol, passes 
j thiough the exhauster, k, and a second water 
w | cooler, i., and thence to the benzol sci libbers, MM, 
h 1 which var\ in number according to the size of 
pj ■ the plant (Fig 13). These scrubbers are from 
2 about 50 to 70 feet high, the lower portion 
Q forming a reservoir for the circulating benzol 
w 1 wash oil, and the remaining portion being Idled 

0 with wooden grids. Benzol wash oil is con- 
es 1 stantly circulated downwards over these grids, 
w the gas having to pass upwards through them. 
y, ' By this moans the gas is brought into very 

1 | intimate contact with the oil, with the resulting 
pg absorption of the benzol After leaving these 
.. ! scrubbers the gas passes either wholly back to 

i the ovens, or m the ease of regenerative ovens. 
h j about one-half of it returns to the ovens, and 
•2 ! the other half in used either for firing boilers, 
& ! town lighting, operating gas engines, or any 
g ! other purpose. 

o i A fuller account of the process is given in a 
g I paper by Mr. E. Bury before the Institution 
w j of Mining Engineers in the year 1914, from 
§ I which the following temperatures of a plant 
{xj 1 a, f' New Braneepeth Colliery (Co. Durham) are 
0 i taken : — 


& i 

O : 

Hydraulic main 

Cent. 

. 225° 

U. ! 

Before tar extraction 

86° 

O ' 

After „ 

. 68° 

w 

In saturator . 

. 67° 

M 

After „ 

58° 

c 

<< i 

After exhauster 

66° 


I. Distillation and Rectification of Benzols . — 
ZS The ‘ wash od ’ containing the benzols in solu- 
^ tion is sent on to the continuous crude benzol 
£ still, n (Fig. 14), where, after being pre-heated 
by the hot vapours coming away from the still, 
it passes downwards over a series of trays. 
Dry steam at about 100 lbs. pressure, reduced, 
however, at the still to 10 lbs. pressure, is 
delivered into the bottom of the apparatus, and 
passing upwards bubbles through the wash oil 
liberating the benzol hydrocarbons which it, 
carries ovor into the condenser, p. Hero tho 
steam and benzols are condensed, and the con- 
densed water and oil separated. The crude 
benzol then either passes into a storage tank, or 
(if jts rectification is to be carried out) into the 
‘ primary rectifying still,’ s. The debenzolised 
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‘ wash oil ’ leaving the orude benzol still is 
passed through the refrigorator, r, whence, after 
being cooled down to the atmospheric tempera- 
ture, it is sent mto the ‘ oil storage tank,’ t, 
and from there it is used over again in the 
benzol scrubbers. 

The crude benzol is first of all fractionally 
distilled in the primary rectifying still, s, 
3000-5000 gallons capacity and intermittent m 
its working, in which it ib heated under high 
pressure by moans of steam coils, and, with the 
aid of a long dephlegmatmg column, it is 
separated mto : — 

(1) Crude 90 p.c. Benzol 

(2) „ 90 „ Toluol 

(3) „ 90 „ Xylol 

(4) „ 90 ,, .Solvent naphtha 

Each of those fractions is separately condensed 
and pumped into a large vessel, v, termed the 


agitator, where it is successively treated with 
(a) pure strong sulphuric acid, and (6) a solution 
of caustic soda, in order to remove all resinots, 
basic, or acidic substances. Each of the 
‘ washed 1 fractions is finally rofractionated 
under reduced pressure in the 1 secondary 
rectifying still,’ w, and the redistilled resulting 
fractions, after condensation, are sent forward 
into their respective storage tanks, xvz, ready 
for transport. 

Other firms (<• y the Simon-Carves and the 
.Simplex Companies) have also adopted efficient 
‘ direet recovery ’ processes, on much the same 
lines as the Otto process just described, the 
chief difference between them being m the 
precise mechanical arrangement for the removal 
of tar and tar fog from the hot gas beforo it 
enters the saturator where the ammonia is 
absorbed. 1 

Alcohol from Coke Oven Gas . — Attention 



Fta 13. — Otto Direct Recovery Process. (Benzol Recovers.) 


should hero be drawn to the successful procoss 
worked out by E. Bury and O. 011andei*at the 
Skinningrove Ironworks for the absorption of 
tho ethylene in coke oven gas by cone. H 2 S0 4 
(forming ethyl hydrogen sulphate), and its sub- 
sequent recovery therefrom as othyl alcohol. 
The process, which is fully described in the 
Coal and Iron Trades Review for December, 
1919 (q.v,), consists essentially m (a) absorbing 
the C 2 H 4 from the dried, dehenzolised, and 
H 2 S-free gas by means of 95 p e ll 3 .S() 4 ix a 
series of towers, on the counter- current pi mciple, 
at a temperature between o0° and 80 6 C. ; and 
subsequently (h) treating the strong acid con- 
taining the ethyl hydrogen sulphate with a 
current of steam in a special form of distilling 
column, so as to dilute it to between 70 and 75 
p.c. strength, thereby also hydrolysing the 
ethyl hydrogen sulphate and liberating the 
resultant ethyl alcohol, which then distils over, 


and is condensed. The whole procoss is worked 
in a continuous cycle, the diluted aoid being (c) 
reconcentrated to 95 p.c. strength in a Guillancl 
‘ concentration tower,’ and then being re- 
used for extracting ethylene from the gas. A 
notable feature of the process is that the small 
amount of S0 2 formed by the reducing action of 
the gas upon the hot cone. H 2 S0 4 in the absorp- 
tion towers is subsequently utilised to remove 
H 2 S from the gas by the well-known reaction 
2H 2 S+S0 2 =2il 2 ()-h3S, so that all the S con- 
tained as HoS in the gas is removed and recovered 
from it without the employment of elaborate 
‘ iron-oxide ’ or other purifiers. From the gas 
(containing between 1*75 and 2*25 p.c. ethylene) 
evolved in carbonising a typical Durham coking 
coal m regenerative ovens, with the ‘ direct* 

1 Sue a paper ou Recent Developments In By- 
product Coking, by Mr. G. Blake Walker. (Proc, Inst. 
Civil Engineers, 1917.) 
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system of recovering tarn, naphthalene, ammonia, 
and benzol, it is claimed to be possible to obtain 
about 1‘5 gallons of 95 p,c. ethyl alcohol per 
ton of coal at a present-day cost not exceedmg 
one shilling per gallon. 

Utilisation of Coke-Oven Gas . — The composi- 


tion of the surplus gas obtained*' in working 
the process depends somewhat on whether it is 
1 debenzolised ~or not, as well as on the character 
of the coal carbonised ; but for gas from a 
typical Durham coking coal it would be approxi- 
mately as follows : — 

Gross calorific 
value B.Th.U . 

(1) Without 

benzol CO„ CO CII 4 H 2 N a 760 mm, 
recovery 2 -5 6 *5 3 *2 28 *0 48 •() 1 1 ‘8 536 

(2) ‘ Debenzo- 

lised ’ 2 5 6 T> 2-0 25 0 (55*0 9 ‘5 485 

With a regenerative oven giving 5000 cubic 
feet- of such surplus 1 debenzolised ’ gas per ton 
of coal carbonised, the corresponding heat 
units available for outside purposes would be 
2,450,000 (qross) and 2,150,000 (vet) B.ThflJs. 
respectively This gas may be utilised («) for 
generating steam in a Bonecourt surface-com- 
bustion boiler with an efficiency of 92 p.c. ; 
or (b) for generating power in internal combustion 
engines with an efficiency of from 20 to 25 p.c. 
Where coke-ovens are erected in conjunction 
with blast-furnaces and steel-works, the surplus 
gas is usually mixed with cleaned blast-furnace 
gas, and the mixture used both for generating ‘ 
powor in gas-engines and also for heating ^ 
purposes m open-hearth steel-furnaces, soaking 
pits, &c. In Both Germany and America, coke- 
oven gas (after purification in the usual manner 
from IDS and cyanogen compounds) is exten- 
sively used as a public supply for domestic 
purposes. As long ago as 1910, Parliament 
granted powers for the supply of gas from 
Lord Ellesmere’s Braekley Coke- Works to the 
urban district of Little Hulton (Lancs.), under 
a guarantee of a minimum illuminating power of 
14 candles when tested in a No. 2 Metropolitan 
Argand burner, and a gross calorific value of ‘ 
550 B.Th.TJ. per cubic foot at 60°F. and 30 mm. 
pressure, its average composition was C0 2 =2‘5, 
(10=7-0, C tt H,»=3*8, OH 4 ~3l'(), H,-49 r 0.and 
N 2 =6’7 ]) c. More recently, the town of 
Middlesbrough now draws its entire gas supply 
from a battery of Otto regenerative ovens at 
the Newport Ironworks. Also Leeds takes part 
of its supply from the Simoii-0arv£s ovens of 
the Middleton Estate and Colliery Go., Ltd. ; 
whilst at the Birmingham (Saltley) Gasworks 
a battery of 66 Koppcr’H regenerative ovens, 
firod by Mond gas, has been installed for the 
production of furnace coke and town’s gas. 

] Aleutian — W. A, Bone, Coal and its 
Scientific Uses, ( hap. xvi. 1918 ; and G. 
Stanley Cooper, By-Product Coking, 1917 ; 
Report of Coal Conservation Committee, 1918, 
pp. 79-81. W. A. B. and E. B. 

GOLALIN. Syn. for cholalic acid 

g 24 h 40 o b ,h 2 o 

C0LAT ANNIN v. Tannins. 

•COLCHICElNE r. Colchicum. 

COLCHICUM. Meadow saffron. ( Colchique , 
Fr. ; Herltstzeitlose, Ger.) Cole hewn avlvmnale 
(Linn.) ; the corms and the seeds are official 
in the B.P. and U.S.P., the alkaloid colckicinn 
only in the U.S.P. The plant is found in 
meadows and pastures throughout Europe, 
where its crocus-liko flowers, usually of a lilac 
hue, occur in September and Ootober. 
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The onfy constituent of importance is the 
alkaloid colchicine, 0 32 H 25 0 # N, which was re- 
garded as identical with veratrine by Pelletier 
and Caventou as early as 1820, and was recog- 
nised as a separate individual by Geigor and 
Hesse (Annalon, 1833, 7, 274). Its constitution 
has in part been elucidated, chiefly by Zeiael 
(Monatsh. 1883, 4, 162 ; 1886, 7, 557 ; 1888, 9, 
1 ; Zeisel and Johanny, ibid. 1888, 9, 865 ; 
Zeisel and Stockort, ibid. 1913, 34, 13£7, 1339), 
and moro recently by Windaus (Chom. Sue. 
Abstr. 1911, i. 904; 1915, i 708). According 
to these investigations the formula may be 
resolved into : — 

MeO 

Mo()/\— 

• MeO l I C lu H 8 0(<)Me)NH*00 dll , 

By boiling with 0 2 p c sulpliurie acid one 
methoxy group is hydrolysed and there results 
colchiccmc O.jIIajOtN.JHgO, crystals, m.p. 139°, 
or anhydrous, m.p 172", winch has been de- 
scribed, probably erroneously, as a constituent 
of the plant. Zeisel regards colehiecmo as a 
oarboxylic acid ; Windaus, on account of the 
green colouration by fornc chloride, considers 
it an enol. By methylation it is transformed 
back to colchicine, and to N-mothylcolchicine. 
Concentrated hydrochloric acid hydrolyses col- 
chicine further, removing tho N-acetyl group 
and finally the remaining three methyl groups, 
yielding cdchicmic acid C 1# H 11 N0(011), , 0H. 
Windaus obtained, by permanganate oxidation 
of colchicine, 3:4. 5-tnmethoxy-o-phthalic and 
succinic acids, and by potash fusion of colcliicinic 
aoid torephthalic and trimellitic (1:2:4- 
benzenotricarboxylic) acids, which indicates 
that the complox C 10 1I„ of the above formula 
contains a (second) benzene ring. Iodine and 
sodium hydroxide remove ono carbon atom, 
oxidising to C 20 H 22 O 5 Nl, which may be reduced 
to a substance C 2 " 0 H 21 O fi N Colchicine appar- 
ently contains no heterocyclic nitrogen. Accord- 
ing to D. R. 1 J . 279999 of Hoflmann-La Roche 
and Co. totrahydrocolehicme is formed by 
reduction with hydrogen and palladium ; this 
baso is amorphous and loss toxic than the 
parent alkaloid. 

Properties. — Pure dry colchicine usually 
forms a yellowish varnish, softening at 142°, 
and wholly melting at 147° ; but Clewor, Green, 
and Tutin (Chem. Soc. Trans. 1915, 107, 839) 
obtained from ethyl neotate soft, palo yellow 
needles, m.p. 155°-157° ; [a] D — 121° (0'88 

gram per 100 c.c.) in chloroform, —429° in 
water. Zeisel first crystallised it from chloro- 
form, with two molecules of chloroform of 
crystallisation ; according to Merck (Apoth. 
Zeit. 1916, 31, 399), there are two such com- 
pounds, B.CHCl, and 2B,CHC1 3 . The crystal- 
line colchicfne of commerce is the latter com- 
pound, in which tho 14-16 p.e. of chloroform is 
retained tenaciously, and is only given off 
slowly at 100°. According to Merck, pure 
oolchicine, dissolved in 3 parts of water, Blowly 
crystallises as the hydrate B 2 ,3H 2 0. Colchicine 
has a very bitter taste. It dissolves Blowly but 
abundantly in water, readily in alcohol, chloro- 
form, and hot benzene, hardly at all in ether. 
Being an aoid amide, it is a very feeble base, 


and one of the few alkaloids which can bo 
extracted from acid solution by chloroform. 
Its salts are generally hydrolysed by water ; 
the only crystalline one appears to be the auri- 
chloride B,HAuC 1 4 , m.p. 209°. Dilute mineral 
acids and alkalis colour colchicine solutions 
intense yellow. Nitric acid (d. 1*4) colours 
the Bolul alkaloid a deop violet, changing to 
yellow, and finally to green (characteristic). 
Tannic acid, phosphomolybdie acid, potassium 
trnodide, and bismuth potassium iodide are the 
most, sensitive precipitant^ ; potassium mercuric 
iodide only precipitates in acid solution. 

Extraction, Toxicological Recognition, Assay. 
— These aro all based on the removal from acid 
solution by chloroform. To prepare colchicine, 
uncrushed seeds aro exhausted with 85-90 p.c. 
alcohol. The extract is evaporated and diluted 
with much water, filtered from fat, and extracted 
with chloroform. The chloroform solution is 
evaporatod to the consistency of olive oil and 
diluted warm with small quantities of alcohol, 
until the whitish masses which separate at first 
again dissolve After cooling to 0° for some 
time yollow needles of the chloroform compound 
separate, which may be suspended in very little 
hot water and decomposed by steam. The 
aqueous solution is then evaporatod m vacvS. 
On a smaller scale, e.g. m the toxicological 
recognition, the acid solution is first agitated 
with petrol and then with chloroform. The 
residue, after evaporation of the latter solvent, 
is dissolved in water, and precipitated with 
tannic acid. The precipitate is decomposed 
with lead oxide and extracted with alcohol or 
chloroform. On evaporation the solid product 
so purified can be tested by the reactions given 
above ; J mg. will give the nitric acid test 
( see also Allen’s Uommercial Organic Ann lysis, 
1913, vol. vii. pp. 4-12). 

The assay of colohicum seedR and the esti- 
mation of colchicine is based on weighing tho 
residue from a chloroform extract of an acid 
solution, previously washed with petrol (Farr 
and Wright, Pharm. J. 1891, [lii ] 21, 957 ; for 
tho assay of norms, v. Lyons, ibid. 1909. [iv. ] 
28, 270 ; v. also the mere complicated process of 
the U.S.P.). 

The alkaloidal content of the soeds and 
corms varies greatly, mostly from 0*2 to 0'8 p.c. 
in the seeds, from 0*1 to 0*5 p.c. in the corms. 
The Brussels Conference agreed that the seeds 
only should be used. The alkaloid occurs to a 
slight extent also in the flowers. It is present 
in other species of the same gonus, and also in 
tho large tubers of Oloriosa superba, L. (N.O. 
Liliacece), common in India and Ceylon (Clewer, 
Green, and Tutin, l.c., found 0*3 p.c. of dry 
weight). Perhaps this plant would afford a 
j suitable commercial sourco of colchicine. Col- 
chicum is a specific in acute gout, and an ingre- 
dient of many advertised gout remedies. It is 
a gastro-intostinal irritant, and may cause 
vomiting and purging. Its degradation and 
substitution products are much less active or 
without action (Fiihner, Arch. exp. Path. 
Pharm. 1913, 72, 228). G. B. 

C0LC0THAR. The reddish-brown residue of 
ferric oxide formerly obtained in the manufacture 
of fuming oil of vitriol from iron sulphate. 

COLEMANITE. A hydrated oalcium borate 
Ca a B e 0 u ,5H,0, containing 50*9 p.c. boron 
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trioxido. It is found in California at Death dispersed system in which the degrerof disper- 
Valley in Inyo Co., and the Calico district in 8au sion is intermediate between that of a mechanical 
Bernardino Co. ; and although not discovered suspension and that of a molecular solution, 
until 1882 and 1883, is now of some importance Now the smallest suspended partiole which 
as a material for the preparation of borax and can be observed directly under the microscope 
boracic acid. Cavities in the massive, white is of the order 0'1/x, and this size of particle may 
material are lined with beautiful, water-clear be taken as roughly marking the boundary 
crystals with a profusion of brilliant facets ; between mechanical suspensions and colloidal 
these are monoolime, with a perfect, pearly solutions. On the other hand, the size of an 
cleavage parallel to tho plane of symmetry, average molecule isO'OOOl p-O’OOlp, and although 
They are considerably harder (H. 4-4£) than there is no hard-and-fast line of demarcation to 
borax; ep.gr. 2 42. The mineral forms, to- be drawn between the three groups of dispersed 
gether with other borates and borosilicates, a systems, the dispersed phase of a colloidal 
bed 7 to 10 feet in thickness in sandstones and solution may conveniently be regarded as con- 
clays. sistmg of particles of the dimension Olp.-O'OOl/z. 

The compact minorals, private from Oregon Tins conception of the continuity of dispersed 
and pandermite from Asia Minor, have very systems, from mechanical suspensions at one 
nearly the same composition (Ca 6 B, 2 () 23 ,0H 2 O), oxtreme to molecular solutions at the othqf, 
and they havo been regarded as impure, massive finds its justification in tho graded character 
varieties of colemamte. E. S. Larsen (1917) of tho physical properties of the three groups, 
has, however, by an examination of the optical as evidenced, for example, by observations on 
characters established tho identity of pnceite diffusion and filtration, and by osmotic, optical, 
and pandermite, and proved them to lie triclimc and electrical experiments (see below). It should 
and distinct from colemamte. Those also are further bo observed that the colloid condition is 
mined as borates v Boron. L. J. S. independent, not only of the chemical character 

COLLIDINE v. Bone on-. of disporsion medium and dispersed phase, but 

COLLIN. A preparation made by heating a also of their states of aggregation. Thus, 
solution of hido powder or gelatm with caustic whilst, in many colloidal solutions, such as those 
soda and neutralising with acetic acid. Used of platinum, arsenious sulphide or ferric hydrox- 
in the analysis of tannin and tanning materials ide, the disporsion medium is a liquid, and the 
(Parker and Payne, ,1. Soo Chom. Ind. 1904, dispersed phase is a solid, there are other cases, 
(548 ; Wood and Trotman, ibid. 1904, 1071). as, for example, an aqueous solution of gelatin, 
COLLODION v. Photogru’HY. in which the dispersed phase also is^ a liquid. 

COLLODION COTTON v. Explosives. The terms ‘ suspension colloid ’ and emulsion 

COLLOIDS. In 1801 Graham pointed out colloid ’ are commonly used to differentiate the 
that substances which crystallise readily from two cases. Again, there appear to be many 
water are chaiaetciised by a high power of cases in which both the dispersion medium and 
diffusion and by the ability to pass through the dispersed phase are solids, instances of this 
animal or vegetable membranes ; substances, kind Doing furnished by ruby glass, some 
on the other hand, which cannot easily be coloured minerals, and probably also alloys in 
obtained in the crystallised condition are certain conditions. 

characterised by a low power of diffusion and Osmotic properties of colloidal solutions.— 
by inability to pass through animal or vegetable The osmotic pressure of a colloidal solution is 
membranes. Graham termed substances of extremely low. According to Duclaux, for 
the first class, such as sucrose or sodium chloride, instance, tho osmotic pressure of an 8 86 p.c. 
crystalloids ; and thoso of the second class, such ferric hydroxide solution is only 22 '6 cm. of 
as starch, gum, or albumin, colloids. The water, which is about equal to the pressure 
separation of a colloid from a crystalloid is given by a solution of sucrose containing one- 
offoctod by dialysis, a process based on the m- thirtieth of a gram in 100 grams of water. It 
ability of a colloid to pass through parchment has, indeed, been suggested that the osmotic 
or other membrane. pressures which have been observed for colloidal 

At the present time, the term * colloid ’ is solutions are due, not to the colloids themselves, 
used in a sense different from that in which but to small quantities of electrolytes associated 
Graham employed it, and is to be interpreted with tho colloids. While it is certainly trae that 
as referring, not so much to a particular class the removal of the last traces of electrolytes from 
of substances, as to a condition which very a colloidal solution is no easy matter, and that 
many, if not all, chemical elements or com- electrolytes aro extremely active material from 
pounds may be made to assume. From the the osmotic point of view, still the most recent 
modern standpoint ‘ colloidal solutions ’ aro to investigations indicate that colloidal solutions 
bo regarded as forming a special group of the do possess a definite, if small, osmotic pressure, 
physical systems built up from two substances, In this r connection the epoch-making work of 
one of which is present in relatively small Perrin is of great significance, for his dctermina- 
quantity. Such systems may be described as tion of the Avogadro number, based on a study 
‘dispersed systems,’ the substance present in of flhe distribution of suspended gamboge 
excess being termed the ‘dispersion medium,’ particles in a vertical column, really involves 
and the other the ‘ dispersed phase.’ The the extension of the gas laws . to mechanical 
main groups of dispersed systems are: (1) suspensions. This extension is justified by the 
mechanical suspensions ; (2) colloidal solutions ; experimental results (see Perrin s book. Atoms) 
(3) molecular solutions, the feature which and it is therefore to be expected that the 
characterises each group being the degree of osmotic pressure of a colloidal solution will be 
dispersion or division of the dispersed phase, related in tho usual way to concentration and 
From this point of view a colloid solution is a temperature. 
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It appears, however, that the osmotic 
pressure of a colloidal solution may not be in 
every case completely defined, as is that of a 
orystalloidal solution, by concentration and 
temperature. Thus Moore and Eoaf have 
found (Biochem. J. 1906, 2, 34) that the osmotic 
pressure of a given gelatin solution at a given 
temperature depends, to some extent, on its 
previous history, while Lillie has found (Amcr. 
J. Physiol. 1907, 20, 127 ; see also Bayliss, Proc. 
Roy. Soc. B, 1907, 81, 269) that the osmotic 
activity exhibited by the colloid itself is modified 
by the presence of electrolytes in a remarkable 
degree. The osmotic pressure of a colloidal 
solution, it is clear, will be determined not only 
by the total solute concentration and by the 
temperature, but also by the actual degree of 
dispersion. 

The depression of the freezing-point, and the 
elevation of the boiling-point of water by a dis- 
solved substance are quantitatively related to 
the os mo tie pressure of the solution, and, like the 
latter, may be made the basis for a determination 
of the molecular weight of the solute. The 
freezing -point and boiling-point of a colloidal 
solution are, however, very slightly different 
from those of water itself, and the experimental 
error of the de termination of the molecular 
weight of tho colloid by this method is relatively 
large. In view, further, of the fact that the 
osmotic activity of a colloid depends on other 
factors than those of concentration and tem- 
perature, it is obvious that tho values for the 
molecular weight of a colloid deduced from its 
effect on the freezing-point or boilmg-point of 
water have a very limited significance Such 
values have reference only to the particular 
condition of the colloid at tho time of the 
determination. 

In connection with the interesting Question 
of the osmotic activity of colloids, attention 
should be directed to the investigations of 
McBain and others on soap solutions (Chem 
Soc. Trans. 1919, 115, 1279). 

Colloids m an dec Inc field. — In 1892 Linder 
and Picton observed (Chem Soc. Trans. 1892, 
61, 148) that when two wires, connected with 
the terminals of a battery, are placed in a 
colloidal solution of arsenious sulphide, this 
substance is attracted by the positive pole and 
is gradually transported thithor. Ferric hy- 
droxide in colloidal solution is, on the other hand, 
attracted by the negative polo. It appears, 
therefore, that the particles of colloidal arsenious 
sulphide carry a negative charge, whilst those of 
colloidal ferric hydroxide carry a positive chargo. 
Other colloids are similarly found to carry a 
dofinitc charge ; thus chromium and aluminium 
hydroxides, methylene blue, Bismarck brown 
and haemoglobin, are electropositive ; tannin, 
caramel, starch, platinum, gold, and indigo are 
electronegative. Very significant m this con- 
nection is Hardy’s observation (J. Physiol. 1899, 
24, 288), that protein is electronegative hi an 
alkaline medium, but electropositive in an acid 
medium. A reversal of the electric charge on a 
colloid has been observed in other cases also 
{see Burton, Phil. Mag. 1906, 12, 472). The 
behaviour of substanoes in colloidal solution, 
when exposed*to the action of an electric force 
is vary similar to the behaviour of suspensions 
in the same ciroumstanoes, for when wires con- 


nected with the terminals of a battery are 
immersed in suspensions of quartz powder, gum 
mastic, or shellac, the suspended particles move 
towards the positive pole. 

Colloids and the ukramicroscope . — The view 
that there must be a close relationship between 
colloidal solutions, on tho one hand, and 
mechamcal suspensions on the other, is strongly 
supported by various other lines of evidence. 
Thus the majority of colloidal solution^ exhibit 
the Tyndall phenomenon, i.e. the opalescence 
observed when a powerful beam of light is 
assed through a fluid medium containing 
efimte suspended particles. Further, the ultra- 
microscone, devised by Zsigmondy and Sieden- 
topf, makes it possible to detect the individual 
particles in colloidal solutions, even when the 
most powerful microscope fails to reveal any 
trace of heterogeneity. 

There are, however, cases on record in which 
colloidal solutions, even when examined with 
the ultramicroscope, have been found free from 
distinct particles. On tho other hand, evidence 
has been adduced (Lobry de Bniyn, Rec. trav. 
clum. 1904, 23. 155, 218) showing that solutions 
of a heavy crystalloid, such as sucrose, aro non- 
homogoneouH. Hence it. is evidently impossible 
to draw a hard-and-fast line of division between 
colloidal and crystalloidal solutions, so far at 
least as the size of tho particles’of the dispersed 
phase is concerned. 

The particles which are detected in a colloidal 
solution with the help of tho ultramicroscope 
are seen to be in a state of constant motion — a 
phenomenon essentially the same as the Brownian 
movement exhibited by gamboge or fat par- 
ticles suspended m water. The finer the par- 
ticles tho more rapid is their movement, and a 
study of the relationship between the size of the 
particle and its rato of movement has led to a 
calculation of the rate at winch a particle of 
molecular size would move. The value so 
calculated is in good agreement with t.he value 
deduced from tho kinetic theory, and this agree- 
ment is regarded as amounting to a definite 
proof of the kinetic nature of heat. 

Separation of colloids ft out their solutions , — 
Substances in colloidal solution pass through 
tho finest filter paper, but. if the clQBe relation- 
ship between mechanical suspensions and 
colloidal solutions is borne in mind, it will be 
seen that the question whether filtration can be 
effected in the latter case as in the former re- 
duces itself to the question whether filters with 
sufficiently small pores can be procured. The 
most successful attempts that have been made 
to Solve this problem depend on the impregna- 
tion of a suitable supporting medium with a 
colloid such as gelatin or collodion. Filter 
paper, for instance, may be soaked in gelatin 
solution and then hardened with formaldehyde, 
or impregnated with a solution of collodiqp in 
glacial acetic acid and then dipped in water. 
As the concentration of the impregnating 
gelatin solution is increased, the permeability of 
the filter to colloids diminishes, so that a series 
of graded filters can be prepared which may be 
employed to sort out a number of colloidal 
solutions, according to the size of particles they 
contain {see Bechhold, Zeitsch. physikal. Chem. 
1907, 60, 267). It is noteworthy that these 
‘ ultra-filters,’ as they are called, may be 
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employed to separate oil-water emulsions (see 
Hatschek, J. Soc. Chem. IndL 1910, 29, 125). 

Another method of separating a colloid from 
its solution is to precipitate the colloid and then 
filter off in the ordinary way. It is found that 
in relation to precipitating or coagulating agents, 
solutions of suspension colloids behave differently 
from solutions of emulsion colloids. The former 
give non- viscous solutions which are coagulated 
Dy small quantities of electrolytes ; these 
colloids are known also as ‘ non -reversible,’ for 
when once they have been separated they do 
not again pass into solution by mere contact 
with water ; their solutions can be obtained 
only by indirect methods. Emulsion colloids, 
on the other hand, give viscous solutions which 
are not readily coagulated by electrolytes ; 
they are also termed ‘reversible’ colloids, 
because, oven if separated from solution by 
any means, they will again pass into solution 
on mere contact with water. 

The coagulation of suspension colloids, such 
as arsemous sulphido or ferric hydroxide, is 
brought about by extremely small quantities of 
electrolytes. When experiments are made to 
determine the minimum concentration of various 
electrolytes required to preeipitato colloidal 
arsemous sulphide, it us found that this mini- 
mum concentration is of the same order for all 
salts containing cations of equal valency ; the 
higher tho valency of the cation, the smaller is 
the concentration of the electrolyte required to 
bring about coagulation. In relation to colloidal 
ferric hydroxide, on the other hand, tho coagu- 
lating power of a salt is mainly determined by 
the valency of the negative ion ; the valency of 
tho cation is relatively unimportant. The con- 
trast in this respect botween colloidal arsemous 
sulphide and colloidal ferric hydroxide is very 
interesting in view of the fact that the colloid 
particles of arsemous sulphido are negatively 
charged, while those of ferric hydroxide are 
positively charged. The full significance of this 
was first omphasisod by Hardy (Zeitseli. physi- 
kal. Chem. 1900, 38, 385), who formulated the 
rule that the ion of an electrolyte which deter- 
mines the coagulation of a colloidal solution is 
tho one which has a charge opposite in sign to 
that on the colloid particles. The validity of 
this rule has been extensively confirmed. 

The ‘coagulum’ or ‘hydrogel’ obtained when j 
a solution of a suspension colloid is precipitated 
by a salt contains somo of the acidic or basic 
part of the salt. Thus the coagulum obtained 
when colloidal arsenious sulphide is precipitated | 
with barium chloride, is found to contain I 
barium, and in proportion as the coagulum re- 
tains barium, the filtrate becomes acid. The 
barium cannot bo removed by continued wash- 
ing with water, but may bo replaced by an 
equivalent quantity of another metal by digest- 
ing the coagulum with a lolution of the chloride 
of this metal. 

If, as suggested by the facts just mentioned, 
the coagulation of a suspension colloid by a salt 
is essentially a neutralisation of electric charges, 
it may be expected that colloids of opposite 
eleotrioal sign will precipitate each other. In 
harmony with this, it is found that while no 
coagulation oocurs when colloidal solutions 
(* hydrosols ’) of the same electrical Bign are 
mixed, precipitation immediately follows the 

Vnr. I T 


addition of the solution of a positive colloid to 
the solution of a negative oolloid, unless one of 
the colloids is in very large excess. For a 
certain proportion of the colloids, the precipita- 
tion of both is complete, but as the quantities 
deviate from this optimal ratio, precipitation is 
increasingly incomplete. The precipitation of 
egg albumin by solutions of various complex 
acids — e.(j. molybdie, tungstic, and tannic acids 
— furnishes an example of the mutual coagula- 
tion of two colloids. Motaphosphoric acid, too, 
forms a pseudo-solution or bydrosol which 
precipitates albumin, whilo tho crystalloidal 
orthophosphoric acid lias no such effect. 

Tho separation of emulsion colloids, such as 
scrum pro Lem, from their solutions, may also bo 
offcctea by the addition of electrolytes, but tho 
process is essentially distinct from the corre- 
sponding precipitation of suspension colloids ; 
it is not electrical in character. When a number 
of alkali salts are arranged according to * their 
efficiency in precipitating emulsion colloids, the 
order is practically the same as when they are 
arranged according to their efficiency m salting 
out an organic compound from water or accord- 
ing to their power of lowering tho solubility of 
gases in water. The precipitation of emulsion 
or reversible colloids by neutral alkali salts 
appears, therefore, to bo closely alhed to the 
process of ‘ salting out,’ and this result of itself 
shows that solutions of reversible colloids 
approximate more closely to true solutions than 
do solutions of suspension colloids. 

Not only are emulsion colloids themselves 
very slightly sensitive to electrolytes, but in 
presence of an emulsion colloid the precipitation 
of a suspension colloid by salts is more or 
lesH inhibited. This is not due to an increaso in 
the viscSity of the medium and consequent 
increase of resistance to sedimentation, for the 
protective effect is exhibited by quantities of 
the reversible colloid insufficient to cause any 
appreciable ciiange in viscosity. It is probable 
that the emulsion colloid forms a thin envelope 
round each particle of tho suspension colloid and 
so prevents the aggregation and subsequent 
flocculation of the particles. 

Adsorption . — Reference lias already been 
made to a difference of electrical potential as 
determining in some cases tho relation between 
a colloid and its environment. There is, how- 
ever, another factor which must be taken into 
account in the consideration of this question, 
and that & the relatively enormous surface .of 
contact between tho colloid and the surrounding 
medium. The evidence sketched in the fore- 
going paragraphs shows that a colloidal solution 
is really a two-phase system, consisting of a dis- 
persion medium in which are distinct suspended 
particles of extremely small size. Now, it is 
obvious that as a given quantity of matter is 
divided up more and more finely, its surface 
area increases regularly. The surface area, for 
instance, of a single sphere with a diameter of 
1 mm. is 0*0314 sq. cm . ; if the matter com- 
posing this sphere were broken up into a number 
of smaller spheres, each 0*0001 mm. in diameter, 
the total surface area of the spheres would be 
314 sq. cm. It is evident, therefore, that in & 
colloidal solution with its fine suspended particles, 
there must be relatively a very large surface of 
contact between the colloid and its medium. 
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On the basis of the two-phase character of 
colloidal solutions and the large surface develop- 
ment of the colloid phase, the relation of colloids 
to each other and to various solid and dissolved 
substances may be regarded as being essentially 
of the nature of ‘ adsorption.’ This term is used 
in reference to the observation that when a 
substance is introduced into % two-phase 
system, and provision is made for its distribu- 
tion throughout the system, it is frequently 
found concentrated at the surface of one of the 
phases. Tho nature of this phenomenon will 
perhaps be beet appreciated by contrasting it 
with cases in which the substance is distributed 
uniformly in each phase of the two-phase 
system. When iodine is shaken up with two 
immiscible liquids, such as water and carbon 
tetrachloride, a state of equilibrium is soon 
reached at which tho concentration of the J 
iodine is uniform throughout the aqueous j 
phase? uniform also (but different) throughout 
the carbon totraehlorido phase. If <q is the 
concentration of iodine in the aqueous layer, 
and c 2 its concentration in the carbon tetra- 
chloride layer, then • c i jc v tho ‘ partition co- 
efficient,’ is found to bo a constant, independent 
of the absolute values of Cj and c z . This is a 
rulo applicable to the distribution of any sub- 
stance betweon two immiscible liquids, pro- 
vided tho molecular condition of the substance 
is the same in each liquid If, on the other hand, 
the molecular weight of the substance in the first 
liquid is n times its molecular weight in the 
second liquid, then (' 2 n /c 1 is a constant, indepen- 
dent. of the absolute values of q and c, z . If, con- 
versely, the distribution of a substance between ' 
two liquids at various concentrations has been i 
found to be such that c„ w /‘ : i 1H a constant, the ' 
conclusion may bo drawn that, the molecular I 
weight of tho substance m the first liquid is n 1 
times its molecular weight m the second liquid 
The distribution of a substance in a two- , 


to consist in an adsorption equilibrium. This 
j is indicated, qualitatively, by the concentration 
| of the substance in the solid phase increasing 
| more slowly than its concentrat ion in the liquid 
phase, and quantitatively by the validity of the 
: formula c/7 c j = constant. In this way it has been 
shown, to quote one or two examples, that tho 
taking up of gases by charcoal, tho removal of 
arsemous acid from solution by freshly precipi- 
tated ferric hydroxide, and the dyeing of silk 
with picric acid and numerous other colouring 
matters, axo all cases of adsorption. The com- 
plexes formed, although not due to chemical 
j combination m the stuc t sense, and although 
I lacking the ehaiactensties associated with a 
! definite chemical substance, are frequently re- 
ferred to as 4 adsorption compounds.’ As van 
Jlommelen especially has shown, colloids in tho 
form of hydrogels have a very marked power of 
adsorbing other colloids, crystalloids and water, 
and evidence is accumulating in favour of the 
view that the behaviour of colloids in solution 
towards other substances is also to be mter- 
j proted in terms of adsorption, 
j The question may be asked * Is there any 
; physical reason for the concentration of a sub- 
stance at the surface of one of the phases in a 
i two-pln.se system, such os a colloidal solution 
| undoubtedly is ? The answer is that if surface 
' tension eunsidei ations only are taken into 
account, then it follows on thermodynamical 
: grounds that the most stable relation between 
the two phases of a colloidal solution is the one 
characterised by a minimum surface tension. 
Hence if the substance present, in the solution 
lowers tho surface tension ol the solvent, that 
substance will accumulate m the surface layer 
of the solution. That such spontaneous ac- 
cumulations may occur in the surface layers of 
solutions lias been shown by Itamsden (Proc. 
Roy Sec. A, UMK1, 72, 15(>), wlio observed the 
formation of solid oi highly viscous coatings on 


phase system which consists, not of two ini- ' the free surfaces of protein and many other 
miscible liquids, but of a solid and a liquid, is 1 colloidal solutions. 

generally quite different in character. When, j Hewing of colloid chemistry on technical 
for instance, acetic acid solutions of various con- pioblems — The r6lr played by colloids in the 


centrations are shaken up with carbon, a state 
of equilibrium is rapidly attained, and it is found 
that some of the acetic acid has been taken up 
by the carbon. If c g and Cj represent the 
equilibrium concentrations of the acetic acid in 
the solid and the liquid phase respectively, then 
tho experiments show that c g /c j is a constant. 
According to the foregoing paragraph, this would 
mean, on the assumption of a uniform dis- 
tribution of the acetic acid throughout the 
carbon, that the molecular weight of acetic acid 
in tho carbon must be less than half what it is 
in water. This conclusion must obviously be 
rejected, and the assumption of a uniform distri- 
bution of the acetic acid throughout the carbon 
is incorrect. The acetic acid must, be concen- 
trated at the surface of the carbon, a view 
supported by the rapidity with which equili- 
brium is established. The acetic acid is said to 
be 4 adsorbed ’ by the carbon, and the pheno- 
menon is termed 4 adsorption.’ 

The distribution of a substanoe in a two- 
phase system where one of the phases is a solid 
with largely developed surface, is generally found 


operations of applied chemistry is of great im- 
portance. In the manufacture of starch, cellu- 
lose, glue, leather, eaoutehoue, artificial silk, 
paper, and photographic plates, colloids are 
involved, and a knowledge of the general 
behaviour of colloids throws much light on these 
and other industrial operations. Many dyes 
give colloidal solutions, anti dyeing, in a large 
number of cases at any rate, depends on tne 
adsorption of the colouring matter by tho fibre. 
The relation between hide and tannin appears 
to be of the same description, and the investiga- 
tion of the tanning process from this point of 
view shows the definite bearing which colloid 
and adsorption phenomena have on this opera- 
tion. The problom of sowago disposal also is 
•closely related to colloid chemistry, and it has 
been found practicable to retain the colloids of 
the Bewago in the form of adsorption compounds. 
The tints of coloured glasses are frequently due 
to the presonce of metals in the colloidal state. 
This is notably the case with gold ruby glass, 
which owes its colour to the presence of ultra- 
microscopic particles of the metal. Colloid 
| chemistry has an important bearing, too, on 
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agricultural chemistry, Many of the properties 
of soils — for example, permeability, absorptive 
power, and moisture, content — depend more on 
the size of the constituent particles than on their 
chemical composition. The retention by the 
soil particles of materials of nutritive value for 
plants is closely related to the phenomenon of 
adsorption already discussed, and it has, in fact, 
been shown that the removal of dissolved 
substances by soil from solutions of different 
concentrations takes place in harmony with the 
adsorpUon formula. Colloids arc of importance 
further in connection with tho pottery trade. 
Highly plastic clays behave like colloids, and 
the treatment of clay with a colloid, such as 
tannin, notably increases the plasticity of tho 
material. On the view that the plasticity of a 
clay is determined mainly by its colloid content, 
and that the latter is chiefly responsible for tho 
power of the clay to adsorb colouring matters, 
attempts have been made to utilise the adsorp- 
tive power of clays, say, for malachite green, 
as a measure of relative plasticity. 

Colloid clay has boon found to be capable of 
use as a catalyst m proeoses of oxidation and 
hydrogenation. 

Of great interest arc recent attempts to 
interpret the properties of many alloys m tenns 
of colloid chemistry. The view is taken that 
the technical and physico-chemical properties 
of an alloy are largely dependent on the state 
of division of the c onstituent particles, and that 
in many cases the size of these particles jh such 
as to bring them within the colloid range. 
Tho relation between tempeimg carbon and 
hardening carbon, is on these lines described as 
a ‘dispersion allotinpy ’ (Kor development of 
this point of view, see Benedicks, .Journ Iron 
and Stcol Inst 1905, 352 ; Roll. Zeitschnft, 
1910, 7, 290.) 

Reference has been made above to the pio- 
tcotivo action of emulsion colloids, and this i 
phenomenon is of frequent occurrence. The 
presence of such colloids, generally and vaguely 
referred to as ‘ organic matter,’ may altogether 
provent the flocculation and precipitation of 
insoluble compounds. In presence of gelatin, 
for example, silver nitrate gives with sodium 
chloride only an opalescence which is not altered 
by filtration. This is a fact of the greatest im- 
portance in connection with photographic 
emulsions. Closely related to this phenomenon 
is tho uso of glues and gums as retarders in the 
setting of plaster of Pans, and the inclusion of 
such materials in mixtures which have for their 
object the prevention of scale in boilers. De- 
tailed references to the bearing of colloid 
chemistry on technical problems will be found 
in a monograph, Die Bedeutung der Kolloide 
fur die Tochnik (Dresden, 1909), by K. Arndt ; 
in a paper on Colloid Chemistry and some of its 
Technical Aspects, by J. Alexander (J. Soc. 
Chom. Ind. 1909, 28, 280) ; in W. W. Taylor’s 
book on Tho Chemistry of Colloids, 1915; and* 
in Wo. Ostwald’s volume. Theoretical and 
Applied Chemistry, 1917. J. C. P. 

COLLOPHANITE. A colloidal hydrated 
phosphate and carbonate of calcium forming an 
important constituent of phosphorites and rock- 
phosphates. It is amorphous and optically 
isotropic, and forms concretionary masses 
resembling opal or gum in appearance, with a 


vitreous to resinous lustre and a conchoidal 
fracture. The material may be opaque or 
translucent to nearly transparent, and the 
colour ranges through colourless, white, yellow, 
brown, and reddish. An earthy variety is 
known as monite. 8p.gr. 2 "69-2 *77 (of monite 
2’1); hardness ; refractive index 1'569- 
1-612. A. Lacroix (1910) gives the formula 
as : — 

4 Ca 3 (P 0 4 ) a ]+ 2 /CaC 03 +rH 8 0 
4(< ' aJ 0 a Ca 8 (P0 4 ) e ] + yCaCOj + zH 2 0 
which includes also the variety called fluocoUo- 
phati tie. W . T. Schaller (1911) gives the formula 
as 9CaO 3P 2 O # 'Ca0 C() 2 H 2 0+nH 2 0. The 
mineral is found in three classes of deposits : 
in guano deposits, having been first recognised 
in tho guano of Sombrero, West Indies ; in 
pockets of phosphorites ; and in the phosphatic 
nodules and coprolites of sedimentary rocks 
ranging in age from the Eocene to the Silurian. 
Material of the last of these modes of occur- 
rence frequently contains fluorine m addition to 
carbonate and phosphate, and is distinguished 
as fluocoUophanite. L. J. S. 

COLLOTYPE v. Photogiuchy. 

COLOCYNTH. Biller apple. Cdocynthuhs 
Pulpa, B P. ; Coloci/nthis, U.S.P. (Coloquinte, 
Fr. ; Koloqinnte , Her.) 

The dned pulp of the fruit, freed from Heeds, 
of (hh alius Color iptthu (Schradei), a climbing 
' plant of tho gourd family, inhabiting the warm 
dry districts of the Old World — India, Persia, 
Arabia, Syria, and tho African and European 
shores of the Mediterranean. It is cultivated 
in Spain and Cyprus (Cf. iientl. a. Trim. 114.) 

The B 1' and U S.P. demand that not 
more than 2 p c. of fixed oil be extracted by 
petroleum spirit (i\ Dowzard, Pharm. J. 1903, 
71, 400). The B.P. demands at least 9 p.c. 
of ash, the U S P not more than 15 p.c. 

Ohattaway and Moor (Analyst, 1903, 28, 205) 
consider 8 p.c. a more reasonable minimum ; 
Umnoy (Pharm. J. 1903, 71, 879) found the 
ash to vary from 7 2-13 5 p.c., and thinks a 
microscopical examination and tho estimation 
of fixed od better ways of detecting impurities. 
The seeds contain the oil, and only 2-3 p.c. of 
ash ; as they constitute 75 p.e. of the peeled 
fruit they raise, when nuxed with pulp, the 
amount of fixed oil, and lower the ash content. 
Tho two chief varieties imported are Turkey 
and Spanish colocynth, of which the former is 
the whiter, the richer in pulp, and the more 
esteemed. 

Colocynth was well known to Creek, Roman, 
and Arabian medicine, and m the form of solid 
extract enters into many of the purgative pdls 
of modem pharmacy. 

Power and Moore, who gave an account of 
the earlier literature (Chem. Soc. Trans. 1910, 
97, 99), have cast doubt on tho existence of the 
coloci pit hm and colocynlhilin of previous in- 
vestigators. The former substaneo was de- 
scribed as an extremely bitter giucoside and 
drastic purgative, soluble in water and alcohol, 
but not in ether, the latter substance as insoluble 
in water, but solublo in ether. Power and 
Moore examined the pulp of tho fruit separately 
from the seeds, and the following substances 
were isolated : ’ citrnllol , a dihydric alcohol 
C !8 H.*0 2 (0H) 2 , m.p. 285°-290°, yielding a. 
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diaoetyi derivative, melting at 167° ; an amor- 
phous alkaloidal substanoe possessing an ex- 
tremely bitter taste and representing one of 
the purgative principles of the fruit ; o-elaterin 
(see Elaterium) ; a small amount of hentri- 
Acontane 0 31 H B4 , m.p. 68° ; a phytostercrl 
0'2 7H 4^0 ; and a mixture of fatty acids. The 
sOods, which represent 75'5 p.c. of the peeled 
fruit, were found to contain traces of an alka- 
loidal principle, a small amount of an enzyme 
hydrolysing j3-glucosuios, and fatty oil. The 
proportion of glucosidal substance m the fruit 
is found to be very small. Tho purgative action 
depends on at least two compounds, one of 
which is alkaloidal. After removal of tho 
alkaloidal compound, the fruit still possesses 
marked purgativo properties, but the substance 
to which these are due has not yet been obtained 
in a definite form. 

It has been sometimes required to search for 
coloeynth in beer (v. Dragendorff, Chom. Zentr. 
1881, 285, 299). G. B. 

COLOGNE YELLOW v. Uhkomittm. 

COLOPHON v. Ulbo-hesins. 

COLOPHONY v. Resins. 

COLOPTENE 0. Resins. 

COLORIMETERS, CHROMOMETERS, or 
CHROMATOMETERS. Undor this heading are 
included those instruments (colorimeters) which 
are used for determining the relative intensity of 
colour m solutions, and those ( chromatometers , 
tintometers ) which are used to obtain a numerical 
record of the hue and intensity of a colour. 

Colorimetric measurements depend on ob- 
taining equal intensity of colour in two columns 
of liquid, one of which co^aras a known amount 
of tho substance to bo estimated. 'Tins caif be 
done either (a) by varying the concentration of 
one liquid, keeping tho lengths of columns equal, 
or (?) by altering the length of one column, 
keeping the concentration tho same 

The first method is used in Nessler’s test, in 
Eggortz’ method of estimating carbon m steel, 
and in the simple colorimeter of the U.S. 
Geological Survey (Bulletin 422). It is ap- 
plicable to all colorimetric measurements. The 
second principle is adopted in most cases 
because it allows the repeated use of the standard 
solution and facilitates rapid work. In certain 
cases, liowevor, e..q. m comparing manganese 
solutions, this method fails, as varying tho length 
of column changes the hue as well as the intensity 
of the colour. 

•The standard used may be of the shine com- 
position as the liquid under examination, or 
may be made of any suitable materials, but its 
colour must be identical in quality with that of 
the liquid tested, and its value per unit volume 
in terms of the substance estimated must be 
accurately known. Thus the permanent stan- 
dards used in the estimation of combined carbon 
in steel are generally made of mixed solutions of 
metallic salts, and in the estimation of ammonia 
in water a solution coloured with caramel and a 
little aniline red has been used (Leeds, Chem. 
News, 37, 229). 

Equality of tint having been obtained, the 
lengths of the columns are noted, and the com- 
parison is repeated, using, preferably, a different 
length of column of the standard. 

The relative strength of the solutions varies 
inversely as the lengths of the columns, so that 


if 1 o.c. of the standard solution correspond 
with x parts by weight of the substance esti- 
mated, the weight of that substance in 1 c.c. of 
the test solution will be 

len gth of column of sta nd ard solu tion X x 
length of column of test solution 
If the strength of the standard differs by more 
than 10 p.c. from that of the test liquid, it is 
advisable to dilute one or other before com- 
parison. 

For the examination of precipitates, a solu- 
tion of considerable suspensory power is prepared 
by dissolving 100 grams of gelatine, 100 grams 
glacial acotic acid, and 1 gram of salicylio acid 
(to prevent decomposition of tho gelatine by 
keeping) in 1 litro of distilled water. 

The solution is elanlied with white of egg 
and filtered hot. For estimation of sulphuric 
acid, this solution is charged with barium chlor- 
ide, and is added to a weak standard solution 
of sulphurio acid or a sulphate and to the solu- 
tion to be tested, the two turbid liquids being 
then compared as above. By the use of other 
reagents, nine, zinc, and a large number of other 
substances may be estimated. 

A useful colorimeter for general purposes, 
devised by Mills, is shown in Fig. 1. It con- 
sists of a glass jar closed 
above by a cap of which the 
length is sufficient to cover 
the top of tho liquid. The 
cap is perforated in tho 
middle and carries a short 
tube m which slides a glass 
rod bent as shown, and 
supporting, exactly at right 
anghw to the axis of the jar, 
a flat circular opaque white 
disc. In the bottom of tho 
| jar are laid, one above another, 
j a red and a green glass disc 
which form a black back- 
ground to the white disc. 

When examining solutions of 
certain colours, a background 
of a eolour other than black 
may be advantageous, and 
the white disc itself may be 
covered by a coloured plate. 

The white disc is lowered to 
the bottom of tho jar by 
moving its rod, and the jar is 
filled to exactly 100 divisions 
with a standard liquid. 

The white disc is raised 
until, on looking vertically 
down through the liquid at 
the disc, the depth of tint 
appears suitable. A second ]?IG. R 
apparatus is then filled to 100 
divisions with the liquid to be tested and its 
disc is adj usted until the colours of the columns of 
liquid in the two jars appear of equal intensity. 

By placing on the white disc a small, black, 
hemispherical button, this instrument may be 
used for determining the strength of turbid 
solutions, such as milk, or for ascertaining the 
amount of a precipitate suspended in a liquid. 
Milk is diluted before examination with 99 parts 
of water, and is compared with a similarly diluted 
milk of known quality, the disp with the button 
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being adjusted in each tube as above until juBt 
invisible. 

The slight alteration in the level of the liquid 
caused by the varying length of the sliding tube 
contained in the liquid when adjusting the 
height of the white disc is found by experiment, 
ana a correction must be introduced into the 
calculation for variations of more than two or 
three divisions. 

A very useful colorimeter, especially designed 
for the estimation of carbon in steel, but of 
course available for other purposes, has been 
introduced by Stead (Proe. Iron and Steel Inst. 
1883, No. 1, 213). A similar, but more con- 
venient apparatus, devised by Ridsdale (J Soe. 
Chem Tnd 188(5, 586) is shown m Fig. 2 Three 
glass tubes, each fitted below with a small, 

P\ 
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whioh the liquid may be introduced or removed, 
and each is connected by a flexible tube with a 

liquid under examination is introduced 
into the central tube, and by working the 
syringes the standard solutions are raised in 
their tubes until the intensity of colour in each 
tube, as seen by looking into the mirror which 
is adjusted to reflect the light passing upwards 
through the tubes, is identical. Two distinct 
comparisons are thus simultaneously made, and, 
by noting the height of oaoh column bv moans 
of the sliding pointer, the strength of the tested 
liquid may be ascertained from the formula 
already given. A very important advantage of 
this apparatus is that every part except the 
central tube is cleansed and recharged without 
disconnection. 

Ridsdale (J. Soe. Ohom. Tnd. 1888, 70) has 
devised an apparatus for the examination of 
liquids of deeper tint than can be used in the 
foregoing apparatus. The central upper tube 
(Fig. 3) is sealed bolow, the upper side tubes are 
perforated at the bottom. Each tube contains 
a loose white opaque plug, and each is held at 




opaque, white cylinder, are placed beneath a 
movable mirror, in a Htand which may be turned 
to any position upon its weighted base. The 
oentral tube is removable and is closed below ; 
the outer tubes are drawn out and pass through 



any hoight by a movable jaw pressed against it 
by an mdiarubber band. , 

Tho centre tube is charged with, say, 10 divi- 
sions of the standard solution, and the test 
liquid is run into one of the side tubes, whence 
it passes at once into the lower tube. When 
this is nearly filled, it is gradually raised to 
bring a portion of its contents into the upper 
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tuba, until, on looking down vertically, the 
colours in the upper side tube and in the stan- 
dard tube are of equal intensity. The calcu- 
lation is made as already described. The lower 
tube bonoath the standard tube must be raisod 
with that of the side tube m order to equalise 
the effect of the double thickness of glass. 
When the solutions to be tested differ widely in 
tint, the standard tube may be perforated so 
tliat the length of its column may be readily 
adjusted. 

Stokes’ apparatus ((’hem. Soc Proe 1887, 
135) has two tubes placed vertically in a stand 
with a reflector below One tube is connected 
with a reservoir of the standard solution, by 
raising or lowonng which the level of liquid in 
the tube can be altered 

A similar arrangement is used in Le Docte's 
colorimeter (Eng. Pat 2(M>(»7, 1898). 

The Kennicott-Kargont colorimeter (Chein. 
Engineer, 1907, 213) differs from the above only 
in altering the level of the standard liquid by 
moving a glass plunger in a fixed cylindrical 
reservoir 

Another arrangement, in which the standard 
liquid is forced into a graduated tube from a 
reservoir, is described by Clunsberg (Dmgl poly. 
J. 228, 457). 

The Nesslensing tubes adopted by Hehner 
((hem. News, 33, 185) and recommended by 


opposite each trough, the light from which is 
reflected and brought into one eyepiece. The 
observation consists in finding the thickness of 
the stratum of standard solution in the prism, 
which shows the same depth of colour as the 
test liquid. 

White’s apparatus differs from the above in 
having two wedge-shaped tanks, both movable 
with reference to two fixed slits through which 
tlio depth of colour is observed. 

A colorimeter, described by Autenrieth and 
Koenigs borger (dhem 7cntr. 1910. l. 2032) and 
recommended especially for the determination 
of hamiatmc in blood, depends on comparison 
of the test liquid with a stable solution of similar 
hue contained in a wedge-shaped reservoir 
which is movable vertically beside the trough 
containing the test liquid. The movement of 
the wedge is measured on a millimotie scale, and 
the reading translated directly into percentages 
! by reference to a plotted curve The two colours 
are observed through a Helmholtz 1 Poppel- 
platte,’ which obviates a dividing space in the 
field of view liy substituting a suitable wedge, 
the instrument can also be used for the estima- 
tion of titanium, iron, chromium, iodine, am- 
monia, nitric acid, &c 

Schreiner’s eolonmetei (.) Amer (‘hem. See 
1905, 1192) consists essentially ol two parts : a 
I wide flat - ended 


Milne (J. Soc. Ohem. Ind 1887, 33) ’’are two | 
cylinders of equal and perfectly uniform dia- 
meter, holding about 100 c.e Each is graduated 
from below, and at about the 30 c c. division has 
a glass stopcock. 

The two cylinders are plaeod side by side on 
white paper, and to one of them is added 100 e c. 
of the liquid to bo tested, followed by 2 c.e. of 
Nessler’s solution To the other tube a suitable J 
and known amount of standard solution of am- 
monium chloride is added, and the volume is 
made up to 100 e.c. with distilled water, after 
which 2 c.e. of Nessler’a solution is added. The 
two liquids are lookod at vcrt'cnttif, and the 
darker is allowed to slowly run off into a clean 
beaker, until their colours are equal The com- ! 
parison may be repeated after filling up from the 1 
beaker. The mode of calculation is the same as J 
m former cases. 

A modified form of Eggcrtz tube has been 
described by Hogg (,T. Soc. Chern. Ind 1895, , 
1022 ). 

In a colorimeter dovised by Leeds (Chom. I 
News, 37, 229) comparison tubes are* arranged 
in a rack, light being reflected through thorn by 
an inclined upper mirror, and again reflected to 
file eye of the observer from a mirror similarly 
placed beneath them. The standard liquid is 
contained in a bottle prism which is moved 
beneath one of the comparison tubes containing 
distilled water only until the colour observed is 
identical with that in the tube containing the 
tost liquid. The strength of the test liquid is 
calculated from the thickness of liquid in that 
section of the prism which is interposed. 

Gallenkamp’s colorimeter (Ohem. Zeit. Rep. 


| tubc. , 'l n, about [7 ~ 

2(> cm y 3 cm , p '""p — 

graduated in [I J - \ 

millimetres, and ■> 

the flat -ended 

i m mersion tu be a, j 

about 20 cm X 

2 cm , which H ^ 

j slides inside the I 

wider tube __ J 

Two such pairs '-J | f--' 

of t u b o s are 100 « ■ - J 

mounted on a ' J j I 

stand (Eig. 4), the J JL i|L 

inner tubes being l ", J C u mp 

! fixed to the top 50 u j J 

1 of the camera j - J G i } i j 

while the outer j J 1 + 

, tubes are held in j -*-»| '--J f j 

brass clips which WJ B jj 

, keep them in g 

' position, but per- J JJ 

I mit. their being \ D yy 

moved uji and "jr * 

down The length yy v 

of the column of ^ 

liquid enclosed 
between the ends || 0 

of the outer and j(_ s' 

inner tubes can 1 ' — - 11- 

thus bo adjusted 4, 

at will Liglit, 

reflected from a white surface d, passes through 
the two columns of liquid, and is then reflected 
at a mirror e to the observer’s eyes at F. The 
axes of the tubes are inclined to one another 


1891, 324) consists of two vertical troughs en- so as to bring the images close together, 
closed m a metal frame. That which contains Standard glass slides may be inserted at o 
the standard solution is wedge-shaped, whilothat I in place of one of the wide tubes, the immersion 
for the test liquid is rectangular. An observa- tube being left in position, 
tion apparatus, moving vertically over a scale Patterson" has described (J. Soc. Chem. Ind. 

of 100 parts, has two slits at the same lcvol, one 1890, 30) a more "complex apparatus employing 
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the sams principle. In this case the adjustment 
of the concentric tubes is made by rack and 
pinion, and total reflection prisms are employed 
to bring the two images into one eyepiece. By 
substituting a direct- vision spectroscope for the 
eyepiece, the apparatus becomes a spectrum 
absorptimeter. 

The simple and effective colorimeter devisod 
by Steiger (J. Amer. Chem. Soc. 1908, 215) 
consists of two wooden boxes painted dead-black 
inside, one of which (Fig. 5a) is mounted on a 



Fio. 5a. 


stand and has a rectangular opening c in the 
base, while the second box (Fig. 5n) libs into the 



Fig. 6b. 


first, and has a rectangular opening, e, which 
coincides with o. 

In tho base of this box are two grooves in 
which slido two rectangular glass cells K, k, 
about 15 cm. long x 2*5 cm. wide x 5 era. 
deep. 

Fixed vertically over tho opening e are two 
gloss rods f, f, held in place by tho springs r, 
each carrying at the lower ond a small plane 
mirror, g, fixed at an angle of 45°. Light com ing 
through tho ground-glass a is reflected by a 
mirror, b, through the aperture e into tho tank, 
where it ib again reflected at the mirror a and 
■ passes through a column of liquid, the length of 
which can be altered by moving the tank back- 
wards and forwards. When equality of colour 
is obtained, the lengths of tho columns are read 


off on millimetre scales engraved on the baso of 
each tank. The reading is taken where the 
lower edge of the mirror touches the bottom of 
the tank. 

Otto’s ozonometer has two parallel tubes for 
gases or liquids, and employs wedges of coloured 
glass moving ovor a graduated scale as a means 
of measuring the depth of tint (Eng. Pat. 17524, 
i8S> 8 ). 

H. Kriiss suggests (Zeitsch. anorg. Chem. 5, 
325) tho application to colorimetors of tho 
Lummer-Brodhun double prism, which gives a 
field of view m which there is no visible line 
of separation between tho two colours under 
olworvation. This condition gives maximum 
accuracy in matching the colours (see also Chem. 
Soc. Abstr. 1894, li 158). 

Andricux (Oompt. rend. 103, 281) describes 
an apparatus m which the quality and intensify 
of a colour are determined by comparison with a 
ray of polarised light. 

An apparatus has been described by Meisling 
(Zeitsch. anal. Chem. 1904, 137), in which the hue 
is matched by the colour of a quartz plate in 
polarised light, and the intensity is measured by 
varying the length of the column of liquid. 

An ingenious instrument, introduced by Mr. 
J. W. Lovibond, for the examination of liquids, 
powders, fabrics, &e., and known as the tinto- 
meter, is shown, partly in section, in Fig. 6. It 



Fig. 0. 


consists of a box, closed at one ond by a ground 
glass plate, e, and separated into two divi* 
sions b, c. The box is carried by a stand, adjust- 
able to any angle. A square glass cell, of 
known width, along the line g ' g'\ containing the 
solution to l>o examined, is placed in one divi- 
sion, and glass plates h of similar colour (or, if 
necessary, of different colours, producing the 
proper tint in combination), and of known 
intensity, are placed in grooves in the other 
division, until, on looking through both tubes 
simultaneously through a single eyepiece, d, 
shaded to prevent access of side light to the eye, 
tho appearanco through the glass plates is 
identical with that through the solution. 

The standard plates are specially prepared of 
various colours, and each is distinguished by a 
numbor indicating its colemr, and another num- 
ber showing the intensity of colour, i.e. tfcc 
number of plates of that colour of unit intensity 
required to produce an intensity equal to that of 
the plate. The unit chosen by tho inventor for 
each colour is an arbitrary one, but its actual 
value can be ascertained at any time by com- 
parispn with a standard solution of similar 
colour. 

In some casos the glass plate e is wanting, 
and an adjustable plane glass mirror is used to 
reflect the light to the apparatus (Eng. Pat. 
12867, 1886). 

When tho colour of a fabric is to bo estimated, 
the fabric is stretched on a block placed in the 
division c, and a white fabric of similar texture, 
previously compared with a plate of pure piaster 
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of Paris, is placed in the division b. The stan- A photochemical prooees for estimating 
dard plates are then inserted as above until the differences in the intensity of a colour has been 
appearances through the eyepiece are identical, described by E. J. Mills and Buchanan (J. Soc. 
Powders , sugars, dec., pressed in a small tray Chem. Ind. 1888, 309). It has been applied to 
placed in the division c, may be similarly ex- the comparison of dyed goods. A number of 
amined, a tray containing pure plaster of Paris discs of the tissues are photographed on one 
lifting placed m the division b ( J. Soc. Chem. Ind. negative from which a number of positives on 
1888, 234). paper sensitised with silver, are copied. These 

Por very delicate observations, the intensity j are treated as usual, soaked for a considerable 
of the light used may be found and noted, before j time in sodium thiosulphate to remove the whole 
commencing, by closing the division c and of the unaltered silver salt, well washed, and 
placing in the divisions b as many standard j dried. The disc photographs of each tissue are 
plates of neultal tint as serve to obstruct all the cut from a number of positives and each set is 
light. I burned separately. The silver m this residue is 

The substitution of a movable wedge of 1 dissolved and estimated volu metrically. The 
coloured glass for the standard plates makes the I relative amount of silver found m the different 
apparatus available for ordinary colorimetric j sets of discs directly represents the relative 
determinations (.7. Soc. Chem Ind 1888, 234). j intensity of the colours. 

An improved form of Lovi bond's apparatus is | The following colorimetric process for the 
binocular, and hits a movable diaphragm. This estimation of minute quantities of. sulphur in 
makes it applicable to tests of colour vision j iron, mineral waters, black ash, slag, &c., is due 
(ibid! 1891, 489) (see also Lovibond, ibid. 1909, i to Wiborgh (Chem. Zeit. 10, 92; Chem. News, 
600). | 1880, 54,. 158). 

Procter has described (ibid. 1896, 123) a The divided metal, ore, &c , or the concen- 
modified form of tintometer in which, by a trated solution, is introduced into a small flask 
system of mirrors, the colours to be compared provided with an indiarubbcr cork, through 
uro brought close together in the field of view, which passes a stoppered funnel for introduction 
thus giving greater accuracy. of acid, and a narrow-mouthed funnel ground at 

Sczopanik (Eng Tat/ 22996, 1907) has the top. A disc of white calico, which has been 
patented an ingenious apparatus with which a previously saturated with a solution of 6 grains 
numerical record of any colour can be obtained, crystallised cadmium nitrate (or, preferably, 
Throe strata of liquid of the three primary cadmvum acetate) in 100 re, of water and dried 
colours aro superimposed. The thickness of m a horizontal position on a cloth, is fixed 
each stratum can be measured and altered in- between two indiarubbcr rings of the samo 
dependently of the others, and thus any hue or interior diameters as the standard discs here- 
intensity of colour can be matched. after described, and the rings are firmly clamped 

Gardner and Dufton have introduced the over the funnel mouth. Dilute sulphuric acid 
' Dalito ’ lamp, which gives a light of the quality is poured into the flask and heat is applied. In 
of daylight, and may be used for tintometnc from 30 to 45 minutes the whole of the sulphur 
work (JL Soc. Chem. Ind. 1904 , 598). This which is capable of conversion into sulphuretted 
lamp is also of use m performing titrations by hydrogen has passed off in that form and has 
artificial light. been whdly absorbed by the cadmium salt on 

A useful device, introduced by I)upr6 the calico. The disc is removed and compared 
(Analyst, 6, 123), may be mentioned under this with a set of standard discs, similarly prepared 
heading. In the volumetric estimation of silver from iron containing a known amount of sul- 
with potassium chromate as an indicator, pliur. The standard discs should not bo ex- 
ospeeially when the solution is weak, it is some- posed too freely to light. Arsenic, carbon, 
what difficult, on account of the original yellow silicon, and copper do not appear to affect the 
colour of the solution, to oliserve the first tinge determination. This method is so delicate that 
of red produced by the formation of the silver a disc will show a tinge of the yellow colour due 
chromate. J)upr6 interposes, between the eye to the cadmium sulphide when so small a quan- 
and the test liquid, a flat glass cell (of which the tity as the 1000th of a milligram of sulphur is 
faces are about half an inch apart) containing a present per square centimetre, 
solution of potassium chromate of such strength COLOUR AND CHEMICAL CONSTITUTION, 
ns will neutralise the colour of the test liquid, Tho object of this article is to give as concise 
which thus appears perfectly colourless, and in a description as possible of tho various rules 
#hich the faintest appearance of red is readily which have been established, and the theories 
visible. The cell filled with other liquid may lie which have been proposed, with regard to the 
similarly adopted in many other titrations. relation between colour and chemical constitu- 

Konig (Proc. Amer. Phil. Hoc. [1 8] 7, 29, 184, tion, particularly to tho colour of dyes, with 
208, 211) has devised a method for estimating special reference to those rules which have 
metals by the intensity of the colour imparted by proved of value in the preparation of dyes and 
them to the borax bead. He dissolves a ljnown which have served as guides for modifying the 
weight of the oxide in a known weight of borax, colour in a group of dyes. 

grinds the bead until its faces are flat, coats it Historical Outline. — The first synthetio 
with Canada balsam to render its rough faces dye (mauve) was produced by Sir W. H. Perkin 
transparent, and places it in an apparatus where in 1 856. This branch of synthetic chemistry 
it is viewed by a lens of small power, while, by developed with great rapidity, and in the next 
means of a rack, a glass prism whose colour is twenty years the first members of many im- 
complementary to that under examination, is portant groups of dyes had been prepared, e.g. 
moved before it until such a thickness is inter- fuclisine (1859), rosaniline blue (1860), and 
posed that the colour of the bead is extinguished, alkylated triphenylmethane dyes (1863-1866); 
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Bismarck brown ( 1864 ), chryteoidine (1876), and 
naphthol orange (1876) in the azo- group ; 
Martius yellow (1864) -in the nitro- group ; 
Magdala red (1868) in the azine series ; alizarin 
( 1869 ) of the anthraquinone group ; fluorescein 
and eosin (1874), representing the phthaleins, 
and Lauth’s violet (1876), foreshadowing the 
thiazinea. By this timo sufficient material 
had been accumulated to allow the formulation 
of the well-known Witt's Rule (1876), according 
to which substances attained the potentiality 
of colour when their molecules contained certain 
atomic arrangements or groups, which Witt 
termed chromophorcs. The colour and dyeing 
properties were made manifest- by the intro- 
duction of additional groups termed auxoehromeji. 

Within the next three years additional 
trjphenylmetliane and azo- dyes were produced, 
deeper colour (red) being attained m the latter 
group by the use of naphthalene components 
in place of the benzene derivatives used m the 
earlier members, as c.g. in the Ponceaus (1878) ; 
and also by the introduction of an additional 
chromophore, as in Biebrich scarlet (1878). A 
consideration of the results now obtained, 
especially in the tnphenylmethane and azo- 
groups, led to the enunciation of Nutzh's Rule 
(1879), which states that the colour of a dyestufl 
can be deepened by adding groups so as to 
increase its molecular weight, and that the 
deepening of colour produced is more or Icbs 
proportional to the increase of molecular weight. 
(Tt should be noted that- the term depth is used 
by colour-chenusts in a very definite and limited 
way. In ordinary language the term depth of 
colour has at- least two meanings. Blue and 
red aro said to be deeper colours than yellow, 
and also one yellow is said to lie deeper than 
another yellow if it is stronger or more intense, 
i.e. less admixed with white, dolour- chemists 
restrict the use of the term, and employ it for 
t-ho first, purpose only. Blue is deeper than red 
or yellow, and red is deeper than yellow. The 
ordinary colours arranged according to depth 
are : green, blue, violet, red, orange, yellow, 
*.c. the complements to the ordinary colours of 
the spectrum taken m order from the red to 
the violet- end. Tins rule served for many 
yoare as a* most valuable guide in extending the 
range of eolours in many groups of dyes, especi- 
ally in the azo- group, in which the deepest 
colours were now soon obtained (blue-black, 
1882, Glaser). It may be said that this rule is 
still a valuable guide t-o the colour chemist. 

In 1886 Liebormann and v. Kostanecki pub- 
lished the results of their investigations of the 
colour and dyeing properties of the hydroxy- 
derivatives of anthraquinone. Although these 
authors did not commit themselves t-o any very 
definite statement, yet their publication drew 
the attention of col our- chemists to the ease 
with which colour could be deepened by the 
multiplication of auxoclirorao groups in the 
molecule, provided these groups were suitably 
arranged. This general principle may be said 
to have been of equal value with Nietzki's Buie, 
and for many years the development of dye 
manufacture was almost entirely controlled 
by these two rules. Very interesting and 
ingenious methods were developed by Bohn 
and Sohraidt in 1888 and 1890 for the multi- 
plication of hydroxyl groups in the anthra- 
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quinone molecule with the result that a complete 
range of colours was soon available in this group 
of mordant dyes. The continued application 
of the same idea led somewhat later to the 
reparation of anthraquinone dyes containing 
otn amino- and hydroxyl- groups, such as 
alizarin Haphirol (1898), wliich combines the 
advantages of deep colour and fastness with 
brightness and clearness of tone. Liebermann 
and Kostanecki ’s Rule led at onco to the careful 
study and production of dihydroxy-, amino-, 
hydroxy-, and diamino-naphthalenc derivatives 
and their employment in the manufacture of 
azo- dyes. This general principle led to the 
production between the years 1887 and 1897 of 
an enormous number of azo- dyes of all colours. 

In 1888 11. E. Armstrong put forward tho 
best-known theory which lias ever been formu- 
lated as to the cause of colour in organic com- 
pounds. 'I’lns is known as the Qu monoid Theory. 
Its author pointed out that- the chemical formulte 
of the well-known dyes tolls either contained 
the qumovoul grouping or could be slightly 
modified or rearranged, m accordance with 
accepted ideas on tautomerism, so as to contain 
this grouping. Moic recent work has shown that 
the original quinonoid theory cannot stand. 
Modifications have; been put forward by Baeyer 
(1907) and II v. Liebig (1908), neither of which, 
however, is entirely satisfactory. 

Of recent years it has come to be generally 
recognised that visible colour is only a special 
case of selective absorption. That some sub- 
stances are coloured wlnlst- others, nearly 
related, aro colourless, must be regarded as 
more or less accidental, and due to a physiological 
cause rather than to any essential’ physical 
difference between them, viz. to the fact that 
the human eye can only detect selective absorp- 
tion within a limited range of the spectrum. 
The problem of colour has thus resolved itself 
into two parts : (!) the cause of selective 
absorption ; (2) the cause of the absorption 
lying within the limits of the visible spectrum. 

As to the cause of selective absorption 
various theories have been put forward in 
recent yearn. We may mention Baly and 
Desc.h’s theory, according to which absorption 
bands are due to dynamic isomerism (1904- 
1905), Stewart and Baly's theory of isorrojiesis 
as the cause of selective absorption (1906), 
Watson and Meek’s theory that absorption in 
the visible speet-rum and its neighbourhood is 
due to the reversal during tautomeric change of 
a conjugate chain of alternate double ahd 
single bonds (1915), the theory that absorption 
bands in the visible part- of the spectrum art? 
due to the vibration of electrons, and Baly’s 
theory (1914) that absorption bands in the 
visible and ultra-violet- parts of tho spectrum 
are due to overtones or summation or difference 
tones derived from fundamental vibrations 
causing infra-red absorption bands (infra-red 
absorption bands have been attributed by most 
investigators to the vibrations of definite 
chemical radicals, Abney and Besting (1881), 
Julius (1888), Coblentz ( 1 904- 1 906). and Wcnigcr 
(1910)). In 1897 Bauer showed that under 
certain circumstances ordinary broad absorption 
bands are replaced by a large number of fine 
bands, recalling the linos in the emission spectra 
of substances examined in flames or under the 
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influenoe of the electrio discharge. Hartley I 
(1908) oame to the conclusion that the ordinary 
broad absorption bands are formed by the 
fusion of these narrow bands. Various ob- 
servers have shown the intonate connection 
between such fine absorption bands and the 
lines m the emission spectra of the same sub- 
stances, c.g. Wullner (1803), Mitseherhch (1864), 
Salet (1872), Eder and Valenta (1899). And, 
finally, in certain cases (hydrogen and helium) 
the lines m tho emission spectra have been 
deduced with great accuracy on tho hypothesis 
that they aro duo to rotational vibration of 
electrons within the atoms. 

The fact that so many different theories 
have been formulated makes it obvious that 
no final conclusion has been reached as to the 
cause of absorption bands m general. 

As to the causes which bring tho absorption 
bands into the visible spectrum and influence 
their positions within the visible spectrum, 
many investigators showed that Nietzki’s rule 
was only a first approximation to tho facts, and 
many exceptions to this rule were collected by 
Schiitzo (1892) Hewitt (1907) suggested that 
the chief oscillation frequency was less, and 
consequently tho colour was deeper, tho longer 
the conjugate chain of alternate double and 
single bonds in tho molecule. The present 
writer pointed out in 1914 that those dyes of 
which tho molecular formula can only be 
written in a quinonoid form have all a deep 
colour, whilst if the formula can be written 
eithor in a quinonoid or a non- quinonoid form, 
even great molecular complexity may fail to 
produce any groat depth of colour Watson 
and Mock (1915) showed that in several scries 
the period of the absorption band is propor- 
tional to the length of tho conjugate chain, 
which may bo assumed to reverse during 
tautomeric change. 

No explanation lias yet been offered of the 
groat effect on depth of colour which is so 
frequently produced by a multiplication of 
auxoohromos. The relative position of the 
auxochromos has a great effect on the colour. 
Certain regularities in this respect have been 
pointed out by Kauffmann and Franck (1906), 
and Meek and Watson (1916). 

It cannot be said that the theories which 
have been formulated since 1885 have proved 
of muoh service for the preparation of dyes. 
In the older group of dyes a complete range of 
colours had already been attained by. assiduous 
experiment, guided* by Nietzki’s and Liebermann 
and Kostanecki’s rules. It may perhaps be 
claimed that the quinonoid theory had some 
influence in the development of the azo- 
pyrazolone dyes. The present writer was able 
to apply one of the rules which he formulated 
to the production of deep-coloured dyes from 
the yellow flavonos, and the work in tins direc- 
tion was perhaps of service for tho recognition 
of the molecular structure of the colouring 
matters of flowers (anthocyanms). As to the 
new groups of valuable synthetic dyos which 
have been developed recently, tho sulphide 
dyes, and the anthraquinone vat-dyes, the 
constitution of the former has been too little 
understood to allow of anything but empirical 
investigation, whilst in the latter group (the 
anthraquinone vat-dyes), our theories seem at 


present quite unable to explain the wealth of 
colour phenomena exhibited by the dyes already 
synthesised. 

A short account is appended of some of the 
more important theories and rules above 
mentioned. 

W itVa Rule .. — This investigator pointed out 
(Ber. 1876, 9, 522) that two things are required 
to give an organic substance colour and dyeing 
properties. The molecule must possess a 
certain grouping of atoms to give it the potenti- 
ality for colour, and it must also possess a salt- 
forming radical to bring out the colour and 
dyeing properties. The atomic groupings giving 
the potentiality of colour he termed chromo - 
fhores , and molecules containing them were 
called chromogcm. He specified the following 
ohromophoree and gave illustrations of chromo - 
gens containing them : — 


Chromoplioies 

Chromogens 

NO, 

F.H.NO, 

— n=n — 

F 8 H 6 -N=N-F 8 H fi 

— 00 — 

00 v 

Fa H * )F 6 H 4 


FO / 

- 

/FO — F,H 4 'v 

C.H k > 

\!0—F fl H/ 


It will bo noticed that some of the chromo- 
gens arc colourless, e.y. nitrobenzene and 
phenolphthalein, whilst others have a feeble 
colour, c.g azobenzene and anthraquinone ; 
but none of the cliromogens has any dyeing 
property. The colour is developed or strength- 
ened by tho introduction of saJt-lorming lachcals 
into the chromogens. These radicals nc there- 
fore termed auxockromes. Hydroxyl, arrm o- 
and substituted ammo- groups, c.g. NHClI 3 , 
N(CHj) 2 , &c , are the principal auxoclironies. 
Not all salt-forming groups can act as auxo- 
chromcs, c.g. sulphomc and carboxyl groups are 
without this function. Tho following table 
shows how the chromogons already mentioned 
are converted into dyes by tho introduction of 
auxochromos : — 

Chromogon Dye 

C fl H fi N0 2 CWNO^OH 

Nitrophenol. 

F 8 H 4 (N0 2 )NH 2 

Nitraniline. 

C 6 H 6 -N=N-C 6 IT 6 C 8 II 8 — N=N — F fl H 4 OH 

Benzene-azo-phenol. 

F 8 TT 5 — N *= N — F e H 4 NH 2 

Aniline yellow. 

CO-C 0 H 4 COCUIgOH 

0,H,/ /O ^0 

CO-OgHg OOCgHg’OH 

Fluorescein. 

The Quinonoid and Modified Quinonoid 
Theories. 

In 1888 (Proc. Fhem. Soc. 1888, 27-33). 
H. E. Armstrong pointed out that the chemical 
formulae of the well-known dyestuffs either 
contained the quinonoid grouping or could be 
slightly modified or rearranged, in accordance 
with accepted ideas on tautomerism, so as to 
contain this grouping. The quinonoid grouping 
may bo defined as a benzene nucleus to which 
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other atoms or groups are attached by double derivatives (VII), and the anhydride (VUI) of 
bonds in the para- or ortho - positions r phenanthraquinone dioxime : — 


"O" or 



Armstrong was probably muoh impressed 
by the recently discovered fact that benzene- 
azo-0-naphthol was identical with the phenyl 
hvdrazonc of ^-naphthoquinone, bo that there 
was as much justification for the formula 


c«h r nh- 


-»=b> 

/ \ 

\_/ 


as for the more usual one based on tho formation 
of the substaneo from jB-naphthol and a benzone- 
diazomum salt, viz. : 

IIO 


0,H i N=N-<^> 

/ \ 


\-/ 


md if it wore allowable to assume tautomerism 
to a quinonoid form m this case, it might, bo 
allowable in other cases, e.g. in the ease of 
fluorescein : 


0 0 0 


XOCr * 

n 

0,/U 

Is 

C.U'00 

00 

0®H 4 <^ 

COOH 


Oil 


whilst in tho ease of fi-rosanilinc it. was quite 
consistent with experimental fact to suppose 
that on the conversion of the base into salts 
there was elimination of a molecule of water 
and formation of a substance with a quinonoid 
structure : 


/C 6 II 4 NH 2 
HO — C~C 6 H 4 N’H 2 
Vyi.NH, 

Hfil 


/ (1 8 H 4 =NHHC1 
; CJI 4 NII 2 +II 2 0 
\(I b 1T 4 NH, 


In many cases the erdmary formula already 
contained tho quinonoid structure. 

The theory has boon shown to be untenable. 
On tho one hand, substances have been prepared 
which have a quinonoid structure, but are 
eolourloss, and on tho other hand, coloured 
substances are known to which a quinonoid 
structure cannot be assigned. 

Colourless Substances possessing a Quinonoid 
Structure. — Iminoquinone (I), diiminoquinono 
(If), quinonedimethylimino (colourless m crystal- 
line form, yellow in solution) (III), dipheno- 
quinone (exists in two modifications, one of 
which is colourless) (IV), and fuchsonimino 
fY) ; also the dimethyl ether (VI), the diaeyl 


NH NCH, 


ti ii « 

0 0 0 


NH 

(I) 


NH 

(II) 


noh 8 

(III) 


°=0=0 0 nh--=c.h 4 =c<C;H. 


(IV) 


°oP PP 

MeON NOMe AcON NOAc 

(VJ) (VII) 

o-o 


\__/ 
II II 
N N 
V 
0 

(VIII) 


Coloured Substance . a to which a Quinonoid 
Structure cannot be assigned. — Nitroquinol di- 
methyl ether, the sulphate of - tri chlortriphenyl 
carbmol, the fulvenes, e.g. dimethylfulvene, and 
Borne fatty compounds, such as diacetyl, tertiary 
mtroso- compounds, e.g. (er(-nitrosobutane, and 
dinitroparaffins. 

Jiaeyer's Modification of the Quinonoid 
Theory. — It has already been mentioned that 
fuchsonimine is colourless. 'The introduction of 
a para- amino group into ono of the phenyl 
groups causes the development of colour : 


p-NH 2 (!,H 4 

C»II 5 


>=<_> NH 


This and similar facts led A. v. Baeyer to 
suggest that the cause of colour is an oscillation 
of the quinonoid condition between two or 
more benzene nuclei (Jour (’hem. Soc. Abs. 
1907, i. 504). If we call tho three benzene 
nuclei in the above compound A, B, and C, it 
will be soon that the oscillation of a hydrogen 
atom will allow A and B alternately to become 
quinonoid: 


= 7 a”Y 


nii=: a 






NH/ A 


\ 


<- 


NH = < r II 


V< / n \ 

Y \Y/ 


Baoyor suggested that this oscillation was the 
causo of the colour. 

Manv strongly-coloured substances are known 
in which such an oscillation is not possible. 
And necessarily all the arguments against the 
original quinonoid theory apply with still greater 
force against this modified quinonoid theory. 
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II. v. Liebig's Theory that — A — A — A — is 
the Essential Organic Chromophore. — The fact 
that the fulvoncs are coloured, although they 
do not contain the quinonoid structure, led 
H. v. Liebig to suggest that the essential cause 
of colour is the arrangement of linkages which 
is possessed both by quinonoid compounds and 

II II II 

the fulvoncs, viz. — A — A — A — (Annulen, 
1908, 300, 128) This theory explains the colour 
of nitroqmnol dimethyl etlier, which contains 
this arrangement of linkages : — 

OMe 

I 

(1 


(! 

Tho theory will not explain the colour of the 
tertiary fatty mtroHo- compounds ; and, of course, 
the existence of colourless quinonoid compounds 
is as much an argument against this modification 
as against the original quinonoid theory 

Niet/.kt’s RitijH The colour of a dyestuff 
can be deepened by adding groups so as to increase 
its molecular weight, and the deepening of colovi 


produced is, more or less, 'proportional to the 
increase of its molecular weight (Verhandl des 
Vereins zum Beforderung des Gewerbefleisses, 
1879, 58, 231). This rule was probably formu- 
lated by Nietzki to summarise well-known facts 
in connection with the triphenylmethane group 
of dyes, but apparently was not based on any 
systematic investigation. The table on p. 349 
shows that the rule applies to a considerable 
extent to other groups besides the triphenyl- 
methano series. 

The rule was subjected to a careful examina- 
tion by Nehutzc (Zeitsch physikal. them. 1892, 
9, 109 el seg.), who pointed out many exceptions. 

I He showed that in some cases, e g. on the addi- 
I tion of a nitro- group to indigo, the shade even 
| becomes lighter instead of deeper, and he intro- 
j ducod the terms bat It yc /ironic and hypsochrome, 
tho former being applied to those groups which 
produce a deepening of colour, and the latter 
to those having the contrary effect. Another 
example of a hypsochrome is the acetyl group. 
All dyestuffs containing hydroxyl- or ammo- 
groups become much lighter m colour when 
completely acetylated. 

Tho following table is of interest, as showing 
that in some oases tho molecular weight may 
! be made very large without a deep colour being 
attained. 


Molcriilm fommln 

Mol wf. 

Shade of dyeitiK : 

C 6 H r -N=N-C B H 4 OH 

198 

yellow ! 

J j 

0, H.-N =N-0, H,-N = N 0,Hj[ , H 

346 

brownish yellow 

0,11,— N-N-C.H.-N^N— N=M-C,Il J( ( ?y 0H 

450 

brownish yellow 

0,H,-N=N-0,H, ( ?’^ 

274 

orange ! 

o,u 4 -n=n-(!.h,;}J1 ()II 

! 482 

l 

1 

yellow 

0 I H,-N=N-0 0 H, < « OH 



(00)1 0,0. N=N 

0,11 ,-N = N-0,H TOOK 

752 

I 7 ' 

yellow 


Hewitt’s Rule This investigator’s re- 
searches on the colour of azo- compounds led 
him to the conclusion that the chief oscillation 
frequency is less, and consequently the colour is 
deeper, the longer the conjugate chain, i.e. the 
chain of alternate double and single bonds, in 
the molecule ((’-hem. Noe Trans. 1907, 91, 1251). 

He noticed that in the case of many azo- 
dyes the introduction of a nitro- group into the 
benzene nucleus not containing auxoebromos 
produced very pronounced deepening of colour 
in alkaline "solution, c.g p-mtrobenzeneazo- 
phonol and p-nitrobonzeneazonaphthol have 
much deeper colours (crimson and violet) than 
benzoneazophenol and benzeneazonaphtho] 
(orange and crimson respectively). Ho brought 
forward evidence in favour of tho assumption 
that in alkaline solution these nitro- derivatives 


have an iso- nitroso structure, and in this form 
the mtro- derivatives have a much longer con- 
jugate chain than tho parent substances, e.g. : — 

0 / N <_> N - N =O=° 

compared with : 

</ N H— N - = 0 

Sircar (Chcm. Soc. Trans 1916, 109, 757, 
el scq.) showed that in very similar azo- com- 
pounds the length of the conjugate chain is not 
proportional to tho depth of oolour, e.g. 4- 
nitronaphthalene-1 -azophenol only gives a red 
colour m alkaline solution, whilst p-nitrobenzene- 
| azo-a-naphthol dissolves in the same solvent 
I with a blue colour, whilst the two substances 
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Name 

Molecular formula 

Mol. 

wt. 

Bhade of dyeing 


, c 6 h 4 nh, 


Magenta 

Pararoeaniline . 

Cx-C s H 4 NH 2 

\c a H 4 =NH a Cl 

28L*5 


c 8 h 4 nhch 3 


Reddish violet 

Methyl Violet R 

C^C^II.NHCH, 

\c fl H 4 =NHCH 8 01 

323 5 

Methyl Violet 3B 

/ C 8 H 4 -N(CH s ) a 

C£C.H 4 -N(CH.) 1 

C 6 H 4 =N(CH 3 ) i Cl 

365-5 

Violot 

Rosaniline Blue 

/ c 6 h 4 nhc,h 8 

C^C 8 H 4 NHC 8 H b 

^c 8 h 4 =nhc 8 ii 6 -ci 

509-5 

Blue 

Iodine Green 

/CeH4‘N(CH 3 ) a 

C— C fl H 4 N(CH 3 ) a +CH 8 I 

699 

Green 

X'C,H 4 =N(CH s ),I 



Benzene-azo-phenol . 

C 8 H b — N=N — C 6 H 4 OH 

198 

Yellow 

Benzeno-azo-naphthol. 

C 4 H 6 — N=N — C lo ll 8 OR(j8) 

248 

Rod 

Bxebrich Scarlet . 

S0 3 H'C 6 H 4 — N=N — C 6 H 3 (S0 3 H) 

512 

Red 

— N=N—C 10 H 8 -()H(i3) 


Black 

Naphthol Black . 

(SO 3 H) a C 10 H 6 — N=N — C 10 H 6 

N=N ^’°H‘<( S o„H) ! 

772 


Alizarin 

/CO\ 

C 6 H 4 < /C 8 H a (OH) a 

XJO" 

240 

Red (on alum) 

Alizarin Bordeaux 

,CO\ 

(OH) a C 8 H a <Q^p>C 8 H a (()H) 2 

272 

Bordeaux (on alum) 

Alizarin Cyanine 

/CO\ 

(OH) a C 8 H 2 < >C 8 H(OIi) 3 
HXK 

288 

Violot (on alum) 

1 

Fluorescein 

HO/V 0 '^^ 011 

332 

' Yellow 


\A c /\> 

c ^\co> 



Eosin 

Br 0 Br 

HO^V VAoH 

Br' a a Jbt 

C 8 H 4 ( > 

648 

Red 


\ CO 1 



Gallein 

A° A 5? 

Ho/y y i 0H 

364 

Violot to blue (ac- 
cording to mor- 
dant.) 


\/\ G /\y ' 




c « H ‘O 0 

x co / 


- 

Indigotin . 

Ciba Blue BB (Tetra- 

Ci 8 H 10 N a O a 

C 18 H 8 N a O a Br 4 

262 

678 

Indigo blue 
, Greenish blue 

bromindigotin) 



— 
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have conjugate chains of the same length. He 
came to the conclusion that in azo- dyes the 
depth of colour is proportional to the length of 
the conjugate chain reckoned from the auxo- 
chrome to the azo- linkage. 

W a thom \s Rule. — The present writer pointed 
out (Proc. Chem. Soc. 1913, 29, 348 ; Chem. 
Soc. Trans. 1914, 105,' 759) that dyes winch 
are quinonoid in all possible tautomeric forms 
have a deep colour, no matter how simple their 
structure or liow small their molecular weight. 

1 In the following table there are placed 
opposite each other in the two columns dyes of j 
very similar constitution which yet show 
remarkable differences in depth of colour : — 
nexahvdrnxybenzoplit'iiono 
(Dyea yellow on alum anil chrome ) 
C 8 H a (OH) 3 UO-C # H 2 (()ir)3 
Leather vellow 

(Dyea vellow on leather ) 

<VVNH 2 

,0 

C,H 4 ' j /0.H/NI1, 

4 4'-l)ninnnoazohcnzeiie 
(Yellow ) 

NH i -C,H 4 -N:N-( , ,H 1 ’NJl 2 

Quercetin 

(Yellow on altuu. yellowish brown on rlmmir ) 

() 

/ 


c 4 h 4 (oh).; 


(!<! 4 U 4 (OH) a 
yC OH 


Mviieetin 

(Dyea snmlm shades to quercetin ) 

0 


CU b H s (011) 3 

I! 

,C*OH 


C 4 H a (()H)/ 


\ / 

CO 


Anlhracene hlne W.lt 
(Dyes violet on alum, hlne on chrome ) 

,U(OHk 

O:C # H(0ir) a < >C 9 H(OH) 3 
OC' 

Mancnta 

(Dyes bluish led ) 

0 4 lT 4 *NH t 

(IHjjN : C 8 H 4 : C’C 8 H 4 NH 2i 

Indamlne 
(Blue ) 

NH : C 4 H 4 • N’C 8 H 4 ’NH, 

(lallacclein 

(Dyes violet on chrome.) 

0 

/ X 0:C 6 H 2 (OH) 2 :() 
0 8 H 2 (OH) 2 < I 

\s m 

c 

ch 3 

‘ The dyes in the right-hand column can 
only be represented by formulae containing a 
quinonoid arrangement. Whatever tautomeric 
change they may be supposed to undergo their 
formulae still contain the quinonoid arrange- 


ment. Those on the l^ft hand difler in that they 
can be represented by formulae not containing 
this arrangement. They can, of course, t be 
supposed to tautomeriso into forms containing 
this quinonoid arrangement, but in all cases it 
is possible to represent them also in a non- 
qumonoid form.’ ‘ A survey of all the better 
known dye-stuffs fully beam out this theory. 
The triphcnyliuethane dyes, tho pyromnes, 
benzoins, and lluoroncs, the indophonols, mda- 
mines, oxazines, tluazincs, azines (saframnes, 
&c.), all satisfy this requirement and exhibit 
deep colour, m many cases with little molecular 
complexity. Haematom and brazilein conform 
to this rule. They have almost the same 
molecular weight as the ffavones, and there is 
considerable resemblance m their structure , 
but they confoim to this rule, whilst the flavours 
do not, and consequently their colour is much 
deeper. Tho alizarin scries, and also naplith- 
azarm, dlustrc.te the rule. On the other hand, 
the monoketome dyes, r.y the bonzophenono 
and xanthono derivatives, tho liavones and 
tlavonols, dlagic acid, and the azo- dyes can 
bo represented by non-qumonoid formulas ; and 
many members of those groups, despite very 
considerable molecular complexity, have no 
great depth of colour.’ 

Watson’s and Mekk's Modification of 
Hewitt’s Rule.— In passing from one tauto- 
meric form to another there is a loversal of the 
conjugate chain, so that double and single 
bands change places all along the conjugate 
chain In that group of substances winch 
can only tautomerise from one qumonoid form 
to another the conjugate chain reversed is 
generally longer than in the other group of 
substances which can tautomerise from a 
quinonoid to a non- qumonoid form. An 
appreciation ot tius fact Jed to the formulation 
of a further modification of Hewitt’s rule, viz. 
that tho colour is deeper the longer the con- 
jugate chain reversed during tautomeric change 
(Watson and Meek, Chem. Soc. Trans. 1915, 
107, 1507). Tins rule was tested by measuring 
the wave-lengths of the maxima of the absorption 
bands of seven pairs of substances winch were 
selected as being very similar m structure, but 
having conjugate chains of different lengths 
reversed dunng tautomensm. It was found 
that in each of these seven pairs the period of 
the vibration was propoitional to the length of 
the conjugate chain reversed (see table, p. 352). 

Tho reversal of the chain is shown in the 
following structural formulae for 4 : 4 / -tetra- 
methyldiaminobenzhydrol (Micbler’s hydrol) and 
4 : 4'-tetramothyldiaminobcnzophenone (Mich- 
lor’s ketone) : — 
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Name 

Molecular formula 

Shade of dyeing 

Alizarin 

/ C0 \ 

C.H/ >C 6 H 2 (0H) 2 

Eted (on alum) 


' VAV 


Alizarin Bordeaux 

/CO. 

(OH).,c 6 h/ HyuoHh 

Bordeaux (on alum) 

i 

N C< v 



CO. 


Alizarin Cyanine 

(<>ii) 2 c # n./ v C fl ll(OH) 3 j 

Violet (on alum) 

'CO j 


| 

,o - ! 


Fluorescein 

ll()j ( , ,OH 

V c/ x x 

cyr 4 v \<> 

'CO 7 

Y ellow 

Callein . . . j 

1 

HO 0 Oil j 

Violet to blue (accord- 

Hor / ' OH 

mg to mordant) 

i 

' ,c; ' / 


1 

o.H 4 < /> 

'CO 7 


Aniline Yellow . 

C„1T 4 — N--N — C„H 4 N1I 2 

Yellow 

( Ihrytioidme 

0,11 4 — N=N— 0,11 3 (NH 2 ) 2 

( )tange 

Azoorsoilline 

0 fl 1 1 4 — N — N— C , 0 H B ( SO,,!! ) 01 1 

1 

Brownish-rod 


! C ft H 4 — N = N — ( \ 0 U ,(S0 3 H )0H 


Congo Violet 

ditto (isomeric) 

1 Violet 

Congo Red 

(; 6 ji 4 --n=n~-c 10 h 6 (ko 3 h)N11 2 

I Red 


C,H 4 — N=N-C 1 (,H b («0. 1 H)NH 2 

1 

' 

Naphthocyanine 

C # H 4 — N=N — ( ' 10 H 4 (S0 jH )(01I) 2 

1 

Blue 


C fl H 4 -N-N-C 10 ll 4 (SO 3 H)(OH), 


Diamine Black, B 

C,H,— N=N— C 10 H 4 (S() a H)(()ll)(NH 2 ) 

C fl ll 4 — N — N — C 10 H 4 (SO a H)(OH)NH 2 

Black 

Diamine Blue, BB 

ditto (isomene) 

Blue 

Brasilein 

RQ( / m 2 

l \X c A' m) 

» P' 

<_ > 

OH || 

0 

110 0 

H°/ V ‘^CH, 

Red 

Hsematein 

Blue 

\/\ C /^ (0H) 



\\ CH ‘ 



• / \ 



\ / 



OH || 



0 
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4 : 4'-Tetramethyldiaminobon7hydrol 
4 : 4 / -TetrainothyIdlaminobenzophcnono 
4 : 4'-Ihammobenzhydrol 
4 : 4 / -Diainmobenzophonono 
Quercetin reduction product 
Quercetin 

Morin reduction product 
Morm 

Apigemn reduction product 
Apigemn 
Pyromne G 

3 MS •Tetrarnothyldiammoxanthone 
3 "Hydro xyfiuorone 
3"U"Dihydroxyanthone 


Effect of Multiplication of Attxochromks 
ok Depth of Colour 

Additional auxocliromes frequently deepen j 
the colour to a very great extent. Tins may be 
regarded as an example of Niotzki’s rule, but | 
the effect produced is generally much greater 
than wo should expect from the very moderate 
weight of the additional auxocliromes, e q. from 
the iirst table given m the paragraph on 
Niotzki’s rule, it will be observed that two 
hydroxyl groups added to fluorescein (pro- 
ducing galloin) deepen the colour much more 
than foui bromine atoms (producing -eosin), 
although their weight is much less. The table 
on page 351 illustrates the great effect of 
additional auxocliromes 

The relative positions of the auxocliromes 
has a very great effect on the colour, e.g. them 
are two isomeiio lioxaliydroxyantliraqumones, 
anthracene blue Wit and ruligallol, one of 
which is blue and the other brown. 

From a study of the polyhydroxyantliraquin- 
ones, Meek and Watson ((’hem Hoc.' Trans. 1910, 
109, 557, d scq.) suggested the following rules 
as to the influence on the colour of the relative 
positions of the auxoehromes : — 

(a) Two hydroxyl groups in one benzene 
nucleus in tho o- or p-position with respect to 
one another are necessary to produce a deep 
colour. 

(b) The colour is still further deepened if 
both benzene nuclei contain pairs of hydroxyl 
groups in the o- or p-position to one another. 

(c) Three hydroxyl groups in the 1:2:4- 
position in one benzene nucleus produce a 
deeper colour than a pair of hydroxyl groups in 
the o- or p-position. 

(d) Three hydroxyl groups in the 1:2:3- 
position in one benzene nucleus produce a 
brown colour. 

And these rules are apparently applicable 
to all groups of dyes, e.g. : — 

(a) The hydroxy- derivatives of azobenzene 
dissolve in potash with the following colours : — 


Length of 
conjugate chain 
reversed during * 
tautomerifim 

Wave-length of absorption 
band 

- ratio=I*0 

3 

!£■—»• 

5 

- ratio— 1 Mi 

5640 ration 1-65 

3414 

- ratio— 1 Mi 

3 

(il0 2 ratio =1-05 

3990 

^ ratio =1 (5 

58 -’ )0 ratio=l"54(?) 

3800(?) 

? ratio— 1 "t> 

5700 ratio =1‘67 

3410 

4 

ratio=l"3 

3 

5480 . .... 

ratio— 1 41 

3801 

4 ratio =1 ’3 

5040 . . . 

3810 U 

/>- Hydroxy azobenzene . Yellow 

o-Hydroxyazol»onzene . Yellow 

Benzeneazoresorcinoi . Orange 

Benzeneazocateohol . . Carmine 

Benzenoazoquinol . . Blue 

Benzeneazopyrogallol . Brick-red 


(b) Fluorescein, qumolpkthalein, and cato- 
cholphthalein dissolve in potash with a yellow 
colour ; hydroxyqmnolphtlialein gives a cherry- 
red, gallem a blue, and phloroglucinolphthalem 
an orange under the same conditions. 

(c) The same rules are seen to apply to tho 

pyranol dyes. E. R. W.jy 

COLUMBIA BLACK, BLUE, -GREEN v. 

AZO- COLOURING MATTERS. 

COLUMBIA YELLOW v. Pkimtjline and 

ITS DERIVATIVES. 

COLUMBIC ACID, COLUMBAMINE, and 
COLUMBIN v. Calumra. 

COLUMBITE. A columbate (mobate) of 
iron, usually containing some manganese 
(‘ manganocolumbite ’) and tantalum, the general 
formula being (Fe,Mn)(Cb,Ta) 2 0 # . With an 
increase in the amount of tantalum, thore is a* 
transition to tho isomorphous species, tantalite 
(q.v.). The orthorhombic crystals are dark 
brown or black and opaque, and range in sp.gr. 
from 5 "3 (columbite) to 7 ‘3 (tantalite). It was 
in this mineral that 0. Hatchett discovered, 
in 1802, the element columbium, so named 
because the specimen he examined came from 
America. Columbite is usually found as single 
crystals embedded in pegmatite or granite ; 
for example, at Haddam and Middletown in 
Connecticut, Chesterfield in Massachusetts, 
brilliant crystals m granite at Standish in 
Maine, large masses up to 2000 lbs. in granite 
veins in the Black Hills of South Dakota, and at 
several other American localities. At Ivigtutl 
in Greenland it has been found in the cryolite 
deposit. Large crystals are found in the felspar 
quarries near Moss in Norway. Other localities 
are Rabenstein in Bavaria, Bushman Land in 
South Africa, Madagascar, Ac. L. J. S. 
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COLUMBIUM (Niobium). Sym. Cb. At. wt, 

93 ’1 (Smith and van Haagen). Although this 
metal is still commonly termed niobium by the 
mineralogist and the metallurgist, the name 
columbium, which was given to it in 1802 by 
Hatchett, who first isolated it m the form of a 
new ‘ earth ’ (Cb..O B ) from a minoral found in 
Connecticut, has been officially adopted by the 
chemist in English-speaking countries, and 
generally throughout the world, except porhaps 
in Germany. 

Columbium is a mombcr of a group of com- 
paratively rare metals, including tantalum, 
tungsten, molybdenum, titanium, and uranium, 
commonly occurring together in minerals found 
in the oldest Plutonic rocks and especially in and 
around intrusions winch traverse pegmatites 
and othor extremely coarse-grained granite 
rocks. Monazite, and other minerals con- 
taining metals of the cerium group, zircons, 
cryolite, and fluorspar, and minerals con- 
taining lithium, crosrnm, and rubidium, are 
often associated with these minerals, and 
are probably intimately connected with their 
genesis. 

Although an extremely rare metal, colum- 
bium exists as the pent-oxide m a considerable 
number of minerals, m some of which — such as 
pyroehlore and colurnbite — it may be regarded 
as the essential constituent, while, in others, 
although practically always present, its propor- 
tion vanes from a mere trace up to an amount 
which justifies its being considered as the 
principal oxide. 

Columbium occurs m minerals only as the 
pentoxido Cb 2 () B , in combination with a baso, 
the columbium m the few minerals (such as 
wohlorito) which contain silica, being present as 
a silico-columbate, and never as a silicate of 
columbium. 

A list of thirty or forty minerals in which 
columbium is commonly found in association 
with tantalum might be given, but the principal 
will be given in tho article Tantalum, with 
which metal columbium invariably occurs in 
nature. From tho technical point of view, the 
principal columbium minerals are those which 
consist essentially of columbates of iron, man- 
ganese, and lime, zircoma and metals of tho 
cerium group being also usually present in, or 
at any rate intimately associated with, such 
minerals as contain lime. 

The mineral richest in columbium is <pyro- 
chlore, a columbate of lime containing titanium, 
cerium, and thorium, together with other alka- 
line earths and alkali bases and some fluorine. 
The most important mineral, however, is the 
columbate of iron and manganeso known as 
colurnbite or niobile, in which tho Ob 2 () B may 
even exceed 78 p.c., a condition nearly reached 
by certain specimens occurring in the cryolite 
of Arsukfiord (Greenland). 

The columbium is always partly replaced by 
tantalum, the proportion of which may vary from 
a trace througn all gradations, until the mineral 
merges into tantalite which is isomorphou" with 
colurnbite, and which occurs in much larger 
quantity and furnishes the bulk of the tantalum 
of commeroe and, as a by-produot, of the 
oolumbium. These two minerals are found in 
alluvial deposits with cassiterite and wolfram, 
and in isolated masses left by the denudation of 
You EL— T. 



(Canon City), Dakota (Black Hills), North 
Carolina and other districts of the United States, 
and in Sweden, Norway, Greenland, Madagascar, 
Rhodesia, and many other districts. They may 
be considered to possess the general formula 
(FcMn)0(CbTa) 2 0 5 , the relative proportions of 
ferrous and manganous oxides varying within 
extremely wide limits. 

New deposits are constantly being dis- 
covered, and columbium, like many others of 
the rare metals for which a demand now exists, 
will doubtless bo found to occur in much larger 
quantities than is generally believed. 

Amounts, far in excess of present, require- 
ments, are obtainable as by-products from the 
preparation of tho rare earths employed for 
incandescent mantles, from tin and wolfram 
ores, and from the. heavy waste material obtained 
in the dressing of cryolite. . 

Metallic columbium may be prepared by 
passing a mixture of the vapour of trie penta- 
ohlorido and hydrogen through a red-hot tube 
(Roscoe) ; by electrolysis of the oxy fluoride ; 
m a less pure condition, by heating tho pentoxido 
with carbon in the electric furnace (Moissan) ; 
by the alumino-thermic process, and by the 
method of von Bolton, introduced with a view 
to the manufacture of metal filament lamps, 
before tantalum came into use. In this pro- 
cess, the pentoxido is mixed with paraffin 
and formed into threads winch are heated in 
mat 6 to a temperature of over 11)00° by passage 
of an electric current. 

By the alumina-thermic reaction, von Bolton 
has obtained oolumbium containing about 3 p.c. 
of aluminium which can be driven off with other 
impurities by prolonged heating %n vacuS in tho 
electric furnace. The purest, columbium hitherto 
prepared in bulk is said to have been thus ob- 
tained. Like tantalum, it can also be obtained 
by reduction of the fluoride K 2 GbF 7 with potas- 
sium, as a black powder from which the residual 
hydrogen may be expelled by shaping it into 
small cylinders and melting in vacn6 in an 
electric furnace. 

Although the most, important uRe of tantalum 
is for manufacture of electric lamps, in which 
case it requires to be separated from columbium, 
the amount, actually consumed for the purpose 
is extremely small. The standard tantalum 
lamp, introduced in 1904, contained only one 
twenty-thousandth of a pound of tantalum^ 
and those now manufactured contain much 
less. 

Tho method employed for the separation of 
columbium from tantalum in the preparation of 
the latter element for electric lamp filaments 
probably depends essentially upon a fractional 
crystallisation of the mixed double fluorides of 
potassium with tantalum, oolumbium, and 
titaniuin. 

. Metallic columbium melts at 1950°, and has 
a sp.gr. of 12 7, and an electrical resistance of 
0*1870 ohm for a wire 1 metre long by 1 mm. 
diameter. Tt is less malleable or ductile than 
tantalum, but the rolled metal has a hardness 
greater than that of wrought iron, and may be 
welded at a red heat. 

Although the powdered metal oxidises 
rapidly when heatea in air, the rolled or oast 
2 a 
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metal is but little affected, as a protective 
coating of oxide rapidly forms. It is practi- 
cally unaffected by an acid excopt hydro- 
fluoric. acid, or by solution of the alkalis, out is 
rapidly attacked by fused alkalis or alkaline 
nitrates. 

It combines with carbon when heated, and 
at dull redness rapidly absorbs hydrogen or 
nitrogen and becomes brittle, the hydride and 
nitride respectively being apparently formed. 

It reacts violently when heated with sulphur 
or selenium, and forms the volatile penta- 
chloride when heated to redness in chlorine. 

It does not form an amalgam with mercury, 
but alloys with many other metals and m all 
proportions with iron. 

The compounds of columbiiim have not yet 
been applied commercially, but the pentoxide, 
generally known as eolumhic acid, and the 
fluorides, especially the double fluoride with 
potassium 2KF GbF 6 arc of interest m con- 
nection with the preparation of the pure com- 
pounds or metal from minerals. 

For methods of analysing eolum bites and 
tantalites, and of estimating columbium in 
presence of tantalum, sex G. Ghesneau (Gompt. 
rend. 11)00. 149, 1132; J. Koe. (’hem. Ind. 
1910, 29, 93), J. Moir (J Ghem Met. and Mm. 
Soe. R. Africa, 1919, 10, 189; J. Soo Ghem 
Tnd. 1910, 35, 037). Giles (Ghem. News, 1909, 
99, 1), Simpson (Gliem. News, 1909, 99, 243), 
Metzgor and Taylor (Zeitseh. anorg Ghem. 
1909, 02, 383), Weiss and Landocker (Zeitseh. 
anorg. Ghem. 1909, 04, 05), cf. Foote and 
Langley (Amor. ,T. Re.i. 1910, |iv!l 30, 401), rf. 
Hauser and Lewitc (Zeitseh angew. ('hem. 1912, 
25, 100), Meimberg (Zeitseh angew. Ghem 
1913, 20, 83), Meimberg and Wmtzor (Zeitseh. 
angew. Ghem. 1913, 20, 157), Lovig (Analyst, 
1915,40,204) 

For a method of estimating columbium and 
tantalum based on the difference bet ween the 
densities of the oxides of columbium (4*552) 
and tantalum (8*710), see Foote and Langley 
(Amor. J. Sci 1910, fiv.] 30, 393), .see also Ruff 
and Schiller (Zeitseh. anorg. Ghem 1911, 72, 
329). G. T. II. 

Compounds of Columbium. 

Columbium dioxide CbO or Cb 2 O v , formed 
by heating potassium columbium oxyfluoride 
with sodium, is a white powder, which burns 
lyhon heated in the air, forming the. pontoxido. 
In chlorine it ignites, forming the oxychloride 
CbOCl.,. Is soluble in hydrochloric acid with 
ovolution of hydrogon. 

Columbium tetroxlde Cb0 2 or Cb 2 0 4 , a 
black powder, formod by heating the pontoxido 
in hydrogon, or with magnesium. Burns when 
heated in the air to redness. 

Columbium pentoxide Cb/) 6 , a white infusible 
powder of sp.gr. 4*53-4*508 (4*8 Bojko and 
Smith). 

ColumbiC add HCbOg, a whito powder 
formed by decomposing the oxychlorido or 
entachloride with water. Slightly soluble in 
ot hydrochloric acid. Yields the pontoxido 
when strongly heated. Potassium hexacolvmbctie 
K 8 Cb 4 0 ls ,6H 2 0, formed by fusing the pentoxide 
with potassium carbonate. Large monoclinic 
crystals, efflorescing on oxposure to dry air. 


Other potassium columbates are K 4 Cb 4 0 1S , 13H 8 0; 
2K s Cb 4 0 n ,LlR 2 0 ; K 4 Cb 2 0 7 ,llH 2 0. Sodium 
columbatc 7Na a 0,6Cb 2 0 6 ,32H 2 0 (Bedford, J. 
Amer. Chem. Soo. 1904, 26, 1235) ; Sodium 
meiacolumbate Na 2 0,Cb 2 0 6 ,7H 2 0 (Balke and 
Smith, J. Amer. Chem. Soc. 1908, 30, 1637). 
For the composition of other columbates, see 
Balke and Smith {lx.). 

Percolumbic acid HCb0 4 , an amorphous 
yellow powder, obtained by treating columbic 
acid with hydrogen peroxide. Is decomposed 
on warming with sulphuric acid. Potassium 
j)f •rcohiHi.bat, c or ■/>)/> ocolimibate K 4 Gb 2 () n ,3H 2 0, 
formed by mixing hydrogen peroxide with a 
solution of potassium columbatc and adding 
alcohol. Decomposed by water. Yields hydro- 
gen peroxide and ozone with concentrated 
sulphuric acid For other percolum hates, see 
Balke and Smith (l.<.). 

For the hydrosols of columbic acid see 
Hauser and Lewike (Zeitseh. angew. Chem. 
1912, 25, 100). 

For the electrolytic reduction of columbic 
acid and its salts, see Ott (Zeitseh. Klektrochem. 
1912, 18, 349). 

When columbic acid is dissolved in con- 
centrated sulphuric acid, the solution diluted, 
and then reduced with zinc, an indigo-blue 
solution is obtained which reduces a solution of 
copper sulphate to metallic copper ; the solu- 
tion is thus more strongly reducing than one 
containing tervalent titanium. 

Columbium pentafluoride GbF 6 , colourless, 
strongly refractive monoclinic prisms, D 1 8 3*293 ; 
mp 75 5° (corr.); bp. 2 17"- 2207760 mm. 
(corn) Obtained by the action of fluorine on 
columbium. Very hygroscopic ; readily soluble 
in water. Solution precipitates columbic acid 
on addition of ammonia or sodium hydroxide 
(Ruff and Schiller, Ber 1908, 42, 492). 

Columbium oxyfluoride CbOF a forms double 
salts with other metallic fluorides, of which 
the alkaline salts have been investigated by 
Marignac. 

Columbium trichloride CbCi 3 , a non-volatile, 
non-deliqucscent crystalline substance resemb- 
ling iodine, forming long dichroio needles. 
Oxidised on exposure to air, and yielding 
columbium oxychloride GbOGI 3 , and carbon 
monoxide when hoated in carbon dioxide 
(Roseoo). 

Columbium pentaehloride CbCl,, yellow 
needles, obtained by heating columbium pent- 
oxide mixed with charcoal in a stream of 
chlorine. Also formed by heating the pentoxide 
with sulphur monochloride S 2 C1 2 ; or, together 
with the oxychloride, by heating the pentoxide 
with carbon tetrachloride ; m.p. 194° ; b.p. 
240*5°; sp.gr. 2*73-2*77. Gives a normal 
vapour density. Soluble in carbon tetra- 
chloride, chloroform, and alcohol. Its solution 
in hydrochloric acid gelatinises, and on addition 
of water, forms columbic acid. On reduction 
with sodium amalgam gives chlorocdumbium 
chloride (Gb a 01 12 )Cl 2 ,7H 2 0, black, shining crys- 
tals, forming an olive-greon powder, insoluble 
in cold water, but soluble in hot water to an 
olive-green solution. Only two of the chlorine 
atoms are ionic. When treated with the equiva- 
lent amount of sodium hydroxide, chlorocckm- 
bium hydroxide (Cb 4 Cl 12 )(6H) 2 ,8H 2 0 is formed 
as a black microorystalline precipitate, and 
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from this the bromide (Cb a 01 12 )Br 2 ,7H 2 0 is 
obtained. The hydroxide is soluble in excess 
of sodium hydroxide, and from the solution 
excess of concentrated hydrochloric acid pre- 
cipitates a brown powder C a H ia ,0H 2 O (Hamed, 
J. Amor. Chom. Soc. 1913, 35, 1078). 

Reduction of a solution of eolurabium 
pentachloride at a platinum cathode give3 a 
blue solution, which is of a colloidal character ; 
with gold chlorido it gives a magnificent purple 
liquid, from which, on boiling, a purple precipi- , 
tato deposits. Tim precipitate is similar to j 
purple of Cassius ; it colours glass a violet-red i 
(Stabler, Bor. 1914, 47, 841). 

Columbium oxybromide CbOBr 3 and penta- 
bromide CbBr a also exist, and an iodide has i 
been formed (Barr, J. Amcr. Chom. Soc. 1908, | 
30, 1608). 

Columbium sulphides CbS 2 and Cb 2 S r> , 

corresponding to the oxides, have been prepared 
(Ihltz and Gomler, Ber. 1907, 40, 49, 63). 

Columbium oxysulphide CbOS,, a black 
crystalline powder formed by heating the 
pontoxide in the vapour of carbon disulphide 
mixed with carbon dioxide. 

Columbium nitride Ch,N 6 . A yellow powder 
formod by heating columbium in nitrogen 
(Moissan, Compt. rend 1901, 133, 20; Muth- 
man, Weiss and lteidelbauch, Annalen, 1907, 
335, 58). 

The spectrum of columbium contains thirty - 
one more or less complete groups of live lines 
showing wave-number differences equal to 
720 '25, 1027-02, 355 19, and 303-29 respectively 
(c/. Siegbahn and Froman, Ann. T’hysik. 
1916, [iv. 149, 611). 

For arc spectrum of columbium, sec 
Hildebrand (J. Amor. Chom. Soc. 1908, 30, 
1672). 

For tho magnetic resolution of the spectrum 
lines of columbium, arc Jack (I’roc Roy. Irish 
Acad. 1912, A, 30, 42). 

COLZA OIL v. Rape ott,. 

COMENAMINIC ACID ?>. Bone oil. 

COMMON CAMPHOR Camphors. 

CONCRETE v. Cement. 

CONDENSERS. A condenser is an ap- 
paratus in which tho vapour of a liquid may be 
cooled down to a temperature below that at 
which it is converted into tho liquid state under 
the prevailing pressure. Tho condensation of 

* the vapour is usually elfeotod by bringing it into 
contact with a cold surfaco, to which it imparts 
its heat, suitable arrangement being mado for 
oonveying away this heat from the cooling 
surface. Although air cooling is sometimes 
depended upon for this latter purpose, tho 
arrangement usually adopted consists in causing 
a stream of cold liquid (water in the majority of 
oases) to circulate ovor the exterior of tho con- 
densing chamber. Tho following points should 
be considered in the designing of an efficient 

• oondenser : — 

(а) The cooling surface must be mado of 
material upon which the vapour has no chemical 
action, and should be capablo of withstanding 
repeated variations of temperature without 
fracture. 

(б) The area of cooling surface should be as 
great as possible, without making the apparatus 
unduly large and heavy. 

(c) The material should profcrably have a 


high specific heat, so that its rise in temperature 
may bo kept within reasonable limits ; and it 
should have a high thermal conductivity, in 
order that tho heat it absorbs may bo rapidly 
carried away. 

(rf) Tho "design should be such as to admit of 
tho condenser being readily cleansed. 

It is not possible to obtain materials entirely 
satisfactory m each of tho above rospocts, and 
so m practice the materials employed are those 
winch combine cheapness with reasonable 
satisfaction in the foregoing particulars. For 
laboratory apparatus, the material commonly 
used is glass; metals (block tin, copper, &c.) 
are less often employed, except for constructing 
fairly large pieces of apparatus ; of recent years, 

| silica has found a limited use. 

Condensers are used in two different kinds of 
operations: (1) for condensing vapours in dis- 
tillation processes, in which case a still is attached' 
to tho upper end and a suitable receiver to* the 
lower end; and (2) as ‘reflux’ apparatus in 
cases where it is necessary to boil a liquid for 
sonic time without sensible loss through evapora- 
tion ; the vessel containing the boiling liquid is 
then attached to the lower end of the con- 
denser and the condensed vapours flow back 
into tho vessel. A number of condensers 


described below are specially designed for this 
purposo. 

The simplest type of condenser is tho familiar 
form devised by Weigel m 1771, but usually 
known as Liebig’s condenser. It consists 
simply of a straight cylindrical glass tube, in 
which the vapour is condensed. The upper end 
is widened out slightly to facilitate connection 
with tho still, and its lower end is cut off 
obliquely ; a cylindrical glass jacket is slipped 
over the greater portion of the length of tho tube, 
and through it, by appropriate entrance and exit 
tubes, cold water is circulated in an upward 
direction, so that the vapours passing down the 
inner condenser tube encounter a surface the 
temperature of which continuously falls in 
the direction of tho receiver. This type of con- 
donscr admits of considerable variation and 
modification in the precise details of construc- 
tion ; thus, with a view to exposing 
a largo cooling surface, the portion j 

of the condenser within the jacket 
is sometimes mado of approxi- I J 

mately rectangular section, thus 
^ being broadened consider- 

ably in one direction ; in other 

condensers the central portion 

carries a series of bulbs blown on 

it. Cooling surface is obtained in 

some condensers by replacing tho jfeE?) 

central portion by a closely wound 

glass spiral, as in Fig. 1, the water- \J \J 

jacket being sealed on to the 

condenser proper. Tho modified 

Weigel condenser, shown in Fig. 2 

(Chom. Zeit. 1902, 26, (533), is V 

arranged for uso with the two p ia> ^ 

limbs a and c of the inner U-tube ' 

on the same level to prevent accumulation of 

liquid at b. Tho inner tube is fused into the 

outer tube at d. 

Glass condensers with water-jackets sealed 
on are restricted in their use to the condensation 
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of the vapours of liquids of fairly low boiling- 
point (below 100°), since otherwise the glass 
joints are liable to crack. For liquids of 
moderately high boiling-point (140°-200°), it 



usually suffices to employ merely the inner tube 
of a Weigel (Liebig) condenser (an condenser). 

In the reflux condensers illustrated in Figs. 
3 add ‘1 (,). Noe Chem. lnd. J85I7. 10, U7«») the 
relative positions of the vapour and cooling 
stream of water are reversed, the watci entering 
as shown by the arrows (at a m Fig 3). A 
largo area of exposed sin face is obtained m 
these condensers, which, it will be observed, are 
of the ‘ double-sui face ’ type, since, in addition 
to the inner water-cooled surface, condensation 
also occurs on the outer surface, which exposes an 
even larger area to the cooling action of the an 

•Several vertical condensers have been de- 
vised by Friedrichs in which one of the two 
surfaces between which the vapours condense 
is constructed spirally (Zeitsch. angew. ('hem. 
1010, 23, 2425). 

A number of extremely useful, compact, con- 
densers of the ‘ double-surface ’ type have been 
described. The vapours an* condensed m the 
annular space between two hui faces, both of 



Fig. 3. Fig. 4 Fig. 5. 


which are water-cooled, the design b«mg such 
that one stream of water flows in succession overr- 
each The efficiency of this cooling process is 
so great that theso condensers can be made 
quite short ; they are readily fixed in a vertical 
position and occupy little bench space. 

In the Burgess condenser (,T. See. ('hem. Ind. 
1906, 24, 1190), the tubes a and c (Fig. 6) are the 
cooling jackets, and b is the condensing tube 
proper. Cribb’s condenser (Fig. 6) consists of 


two concentric tubes joined together at the top ; 
condensation is effected in the interior chamber 
thus formod. Water is conveyed into the 
inner tube by the tubo a ; overflowing, it passes 
round the exterior of the outer tube and flows 
away by the side tubo b. Tho vapour is led in 
through the inlet, tube e. 

Another double-surface condenser of simple 
construction is illustrated in the article Analysis 
(Vol 1 ) 

Tho condensers illustrated in Figs. 7 and 8 



Fig. (i. 



Fig. 7. 


Fig. 8. 



have the advantage of exposing four cooling 
surfaces to the vapour, and may be readily 
cleansed when necessary by removing tho inner 
portions with the stopper (Chem. Zentr. 15108, 
li 277). 

An inquiry into the relative efficiency of 
laboratory reflux condensers made by Dover 
and Mardon (J. Ind Eng. (hem 1910, 8, 834) 
showed that where a long condenser can bo ' 
conveniently used, the Weigel is preferable, 
whilst the Friedrichs, or some modification of it, 
seems best, where a short condenser must be 
used. 

The condensers so far describod are usually 
constructed of glass, but occasionally metals 
aro employed. The use of aluminium for the 
innor tubo of a Weigel condenser has been 
advocated by Norton (J. Amer. Chem. Soc. 
1897, 19, 153). Many agricultural chemists, 
who have to deal with numerous ammonia dis- 
tillations, prefer block-tin condensers ,* they are 
constructed like inverted U -tubes, one arm (the 
condenser arm) being much longer than the 
other and carrying a water-jacket if required, 
while the short, arm is attached to the distilling 
flask. A convenient method of constructing a 
number of such condensers in serieR to be cooled 
by one stream of water is described in J. Amer. 
Chem. Soc, 1900, 28, 999. 

A useful motalhc condenser is the ‘ ball ’ 
type, used on the reflux principle in numerous 
experiments involving extractions with volatile 
solvents. Soxhlet’s pattern is shown in Fig. 10, 
while the construction of a double-surface con- 
denser of this pattern is sufficiently indicated in 
Fig. 9. Storch’s metallic reflux condenser is 
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depicted and described in J. Soc. Chom. Ind. 
1897, 16, 979. 

Tho spiral (worm) type of condenser is fre- 
quently constructed of metal (copper) and 
enclosed in a metal tank which can be filled 
with cold water ; these condensers find con- 
siderable use in small plants for preparing dis- 


Biu. 9. Pin. 10. 

tilled water For this lattei puipose, a novel 
form of condenser is described m Bug. Pat 
6916, 1905, which combines efficiency with 
oxtremo simplicity of construction. The con- 
denser, which is placed vertically above the 
evaporating chamber, consists of two metallic 
truncated cones, the lower being open at the 
top, while the upper is closed by a dome-shaped 
lid. The outer surface of the upper cone is 
cooled by a continuous stream of cold water, 
arid condensation is eilected upon its inner 
surface. The condensed vapoui collects in the 
annular space between the two lones, and the 
water is contmuously run oil into lai ge earthen- 
ware jars. Special apparatus, devised for 
preparing pure distilled water (so-called ‘ con- 
ductivity water’) on a laboratory scale are 
described by Bousfiehl ((’hem. Soc. Trans. 1905, 
87, 740) ; Golding (,J. Soe. Chem. Ind. 1906, 25, 
678), and by Hartley, Campbell, and Boole 
(Chom. Soc. Trans. 1908, 93, 428). 

Condensers of various designs are described 
in J. pr. Chem. [2 J 34, 427 ; [2] 49, 44 ; Compt 
rond. 118,478; Ber. 1892, 24,' 3950 ; 1895, 28, 
2388 ; J. Soc. Chem. Ind. 1899, 18, 707 ; Chem. 
Zeit. 1902, 26, 325 ; 1904, 28, 598, 686 ; 1905, 29, 
809 ; 1910, 34, 116 ; Bull. Soc. cliim. 1904, 31, 
1116; Chem. Zentr. 1906, li. 993; and reflux 
condensers in Chom. Zeit. 1896, 20, 462; 1904, 
28, 598; Bull. Soc. chim. 1901, 25, 476; 1908, 
3, 855; Zeitsch. anal Chom. 1901, 40, 769; 
Chem. Zentr. 1906, ii. 993 ; Chem. News, 1907, 
95, 52 ; and J. Soc. Chem. Ind. 1908, 27, 962. 

CONDURANGO. The dried bark of Marn- 
denia condurango (Nichols) (Uanolobus Con- 
durango triana, Reichenbach ; family Asde- 
piadacece). It is obtained from a half-climbing 
or prostrate Bhrub of Ecuador. The bark comes 
into commerce in quills or quilled pieces, about 
10 cm. long, and rarely exceeding 2 cm. m 
diameter ; externally brown grey, roughened,* 
with scale like warts ; internally, greyish or pale 
brownish-white, striate ; fracture short, granular 
or slightly fibrous in inner layer. Taste, some- 
what bitter ; odour of fresh bark, aromatic. 

Kubler (Arch. Pharm. 1908, 246, 620) states 
that the prinoipal constituents of the bark are 
dextrose, other usual components of plants, the 
gluooside condurangin and a polyhydxic alcohol 
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conduritol. Corulurangin C 4 oH fl0 Oi* contains 
two methoxyl groups, is soluble in water, alcohol, 
and chloroform, insoluble in ether. Dilute sul- 
phuric acid hydrolyses it to dextroso and an 
amorphous powder, containing several sub- 
stances ; alcoholic potash yields somo cinnamic 
acid. Conduritol C 6 H l0 O 4 crystallises from 
hot alcohol m colourless prisms, and yields a 
tnbonzoyl derivative, m.p. 142^-143°. According 
to Carrara (Gazz. cliim. ital. 21, i. 204 ; 22,' i. 
236), commercial condurangin can be separated 
into two parts, one insoluble and the other 
soluble in water. The former is a white powder, 
C jO H 32 <> 0! m.p. 60"-6P; and the latter a 
| yellow substance, C 18 H 28 U 7 , m.p. 134°. Hager 
(Handbook, 1900) has further investigated these 
substances and named them a- and 6-con- 
durangui; a-conduiangui gives a green colour 
with Eroehde’s roagent (cone, sulphuric acid and 
molybdic acid), /i-eondurangin docs not. Car- 
rara (Z.c.) also isolated a yellow powder, C 30 l^&oG 8 , 
which he named conduiauxttrm, m.p. 52°. 
Fluckiger has isolated a small quantity of an 
alkaloid having a strychnine-like action. Embus 
(Pharm. J. 70, 417) treats tho chloroform 
extract of tho crude glucoside with a mixture 
of equal volumes of sulphuric acid, hydrochloric 
acid, and alcohol (Lafon’s reaction). On warm- 
ing, a green colour is pioduced, changing to 
bluish-gieen on tho addition of a trace of 
feme chloride Ceitain other glurosidcs give 
tins reaction, hut they are not likely to be 
present in tho bark. 

Condurango lias been employed for many 
years m South America as an alterative in tho 
treatment of syphilis. It is used as a stomachic, 
and lessons gastric e atari h and relieves tho 
vomiting and nausea which arc usually associ- 
ated with carcinoma of the stomach ; it is also 
used to lessen the pain consequent upon gastric 
ailments. Condurango produces in large 
amounts incoordination of the muscles and 
convulsions, which may be followed by para- 
lysis. Dose, 1 fluid drachm of the fluid extract 
of condurango, or 4 fluid diaelims of tho wine of 
condurango. 

There arc many other vaiiotios of con- 
durango and marodemas. Tho Guayaquil con- 
durango has several pec uliai dies in the wood of 
the bark, and has not so many medullary rays. 
Mexican oomlurangos contain a strong collen- 
ehyma next to the bark, while nearer the pith 
is a layer of bast fibres containing large crystals 
of calcium oxalate (Chom. Zeit. 11, 1601; 12, 
26). 

CONDY’S FLUID v. Manganese. 

CONESSINE or WRIGHTINE C 84 H 40 N 2 
oxists in the bark and seeds (0‘6 p.c.) of Wrightia 
anlidysenterim and m Iiolarrhena africana 
(A. DC.), 11. congolensis (Stapf.), and 11. anti- 
dyscntenca (Wall.). Crystals, m.p. 122° (Pols- 
torff, Ber. 1886, 19, 78, 1682 ; Warnecke, ibid. 
1886, *19, 60 ; Arch. Pharm. 1888, [iii.1 26, 
248, 281 ; Pyrnan, Chem. Soc. Trans. 1919, 
163 ; Giemsa and Haiberkann, Arch. Pharm. 
1918, 256, 201 ; Ulrici, Arch. Pharm. 1918, 256, 
67). Soluble in acetone, from which it separates 
in large colourless plates, efflorescing in air; 
m.p. 125° (oorr.) [aj-l*90°. 

CONGO BLUE, BROWNS, -CORINTH, 
-FAST BLUE, -ORANGE, -REDS, -RUBINE, 
•SKY BLUE v. Azo- colouring matters. 
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CONHYDRINE ( Conydrine ), Coniceine. See 
under Coniine, below. 

CONIFERIN v. Glucosides. 

CONIINE AND THE ALKALOIDS OF HEM 
LOCK. 

Coniine G s If )7 N is mu* of several poisonous, 
volatile alkaloids found in hemlock, Cvnuim 
maculatum (Linn.) (0*2-0 *9 p.e m the not quite 
ripe seeds). Hemlock (( handr nijiv, Er. ; 
Sehicrlmy, Ger ) is a tall biennial of the temperate 
regions of Europe, Asia, and Amenta, and was 
the essential ingredient in the potion admini- 
stered to condemned criminals by the Greeks. 
Besides coniine, hemlock contains N-? nethijl-iX- 
conunc, N m(thi/l-]-coimnc, ■y-comicim, (onhy- 
drmv , and pstudocon In/d uni' 

]*i cpaiat ton. —Vmuiiw is most readily sepa- 
rated from th(> crushed, unripe hemlock seeds 
by digesting them with water made alkaline 
with sodium carbonate, to (let (impose the coniine 
nialate, and distilling the mixture m a ( urrent of 
superheated steam. The distillate contains the 
coniine, together with much ammonia derived 
from the ammonium salts present in the Heeds 
The liquid is neutralised with hydrodilonc at id 
and evaporated to dryness. The dry residue is 
extracted with absolute alcohol, when most ot 
the ammonium chloride remains undissolved, 
whilst the alkaloidal hydioehloridcs go into 
solution, if ether is added to the alcoholic 


precipitates many metallic hydroxides from 
solutions of their salts. 

It is a secondary amine. When oxidised 
with nitric acid it yields normal butyric acid 
among other products. When permanganate 
is used a-pyridmecarboxylic acid (pic dime acid) 
is obtained. On distillation with zinc-dust 
coniine is decomposed into hydrogen and a-n- 
propy lpynd me. 

Laden burg has inferred from these and other 
reactions that coniine is a-propylpiperidine and 
has continued this by cllecting the. synthesis 
of the alkaloid by hydrogenating (with sodium 
m alcoholic solution) a-allylpyndme 

G,U 4 N(C a H i )+8H=(^tf 10 N(C i H 7 ) 

The liquid thus produced possesses all the 
chemical and physical properties of the natural 
alkaloid except one ; it is optically inactive 
(Ber. 1880, 19, 2579; 1900, 29, 2480). Laden- 
burg lias also succeeded m resolving tho inactive 
conuno into dextrorotatory and laivorotatory 
forms and has shown the dextro compound to 
be identical with the natural alkaloid. This 
was the first synthesis ot a natural alkaloid. 

Tho toxicological recognition is somewhat 
dilheult ; in particular there arc no reactions 
distinguishing it sharply from nicotine. Auric 
and platinie chlorides do not precipitate a 
J ]> c aqueous coniine solution, but do precipitate 
nicotine at much greater dilution. A trace of 


solution a further quantity of ammonium 
chloride is separated The residue left by the 
evaporation of the alcoholic solution is dissolved 
in cold water, ether added, and the coniine 
liberated by tho addition of potash The , 
ethereal layer is decanted, washed, dned with 1 
potassium carbonate and distilled at a low , 
temperature, when the comme remains as an ' 
oily liquid. It may be purified from the 
accompanying conhydrine by fractional dis- 1 
tillation ; the coniine passes over hrst No pro- ! 
pared the comme contains y-coniceme from ! 
which it may 1 m* freed by conversion into the j 
hydrochlorides and exti acting these when dry j 
with acetone, in which the y-eoniceme salt, is j 
soluble and the conuno salt insoluble. For 
the separation of the subsidiary alkaloids by 
bonzoylation, see von Braun (Iter. 1905, 38, 
3108). 

Properties. — Colourless, alkaline liquid, hav- 
ing a remarkable, penetrating odour and a 
burning taste ; b.p. 100°-1G7°, m.p. - 2° ; rel. 
den. 0*8626 at0°, dextrorotatory 13*79°. 

' Coniino is slightly soluble in cold water, but 
loss so in hot water, so that a clear, cold solution 
becomes turbid when warmed. It dissolves 
about one-quarter of its own volume of water 
at the ordinary temperature. When boiled 
with water the alkaloid distils with the steam. 
Coniine mixes with alcohol in all proportions, 
and is also readily soluble in ether, but, only 
sparingly so in chloroform or carbon disujphide. 
Exposed in the air it darkens and slowly resini- . 
ties. When administered internally coniine acts 
as a powerful poison. It is a monacidic base 
The ordinary salts arc crystalline and soluble m 
water or alcohol. Tho hydrochloride BHl'l 
forms rhombic crystals and melts at 220°. The 
aurichloride B\HAuC 1 4 , m.p. 77°, forms minute 
yellow needles. 

Reactions .- Coniine is a strong base, which 


comme evaporated m a desiccator with a drop 
of hydrochloric acid readily yields a crystalline 
hydrochloride, nicotine does not,. Differences 
in odour, density, and solubility in water may 
also be used. 

N-Methyl-'/eoniine C B II 16 ((TI,)N is stated to 
occur in hemlock (v. Blantu and Kckule, Annalen, 
1854, 89, 150), and remains with y-conicemo 
when this is separated trom coniine by fractional 
crystallisation of the acid tartrates. It, has been 
synthesised by methylating coniino with potas- 
sium methyl sulphate (Woltlenstcm, Ber. 1894% 
27, 2011 ; cf. Fasson, ibid. 1891, 24, 1078). It 
is a colourless, oily liquid, b.p. 173°-174°, closely 
resomblmg comme. 

N-Methyl-L coniine was obtained by Ahrens 
(ibid. 1902, 35, 1330) fiom residues accumulated 
in the preparation of comme. 

Coniceines. This name has been applied to 
a scries of isomeric bases, C 8 H 16 N, obtained 
in various ways from the hemlock alkaloids. 
Only one of them y -coniceine ( 2 -propyl- A' - 
tetrahydropyridinc) occurs in hemlock and was 
isolated from crude coniine obtained therefrom 
by Wolffenstein (Ber. 1895, 28, 302) ; occasion- 
ally as much as 70 p.o. of the crude alkaloid was 
y-comceine. This base was first prepared by 
Ilofmann by the action of alkalis on bromo- 
comine. Jt strongly resembles coniine in odour and 
appearance, boils at 171°-172° under 746 mm. 
pressure, yields crystalline salts, and furnishes 
coniine on reduction. It has the constitution 

CH 2 ch 2 

GH 8 f /N ||CH CH 2 f /N lCH 2 

CHjl^C-Pra CH.^CH-Pra 

NH NH 

7-Coniceine. Coniine. 

Cf. Hofmann, Ber. 1886, 18, 16, 27, 112 ; Lell- 
niann, Annalen, 1890, 259, 127; Loftier and 
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colleagues, Ber. 1909, 42, 94, 107, 116, 124, 
948, 3420 ; Gabriel, ibid. 1909, 42, 4059. 

Conhydrine C 2 H 17 ON, also found in hemlock, 
may be separated from coniine with which it 
occurs either by cooling, the concentrated 
ethereal solution of the two alkaloids, when the 
oonhydrine crystallises out; or it may be ob- 
tained bv distilling the crude coniine, when it 
remains behind in the retort, if the temperature 
has not exceeded 180°. 

Conhydrino is a crystalline, basic sub- 
stance, m.p. 121°, b.p. 226°, [a^-flO 0 . On 
heating with phosphorus pentoxide, or with 
concentrated hydrochloric acid, it furnishes a 
mixture of a- and 0-conieeines {.see above). 
According to Willstatter it is 2 : 0-hydroxy- 
propylpiperidmo (Ber. 1901, 34, 3160 ; c/., 
however, Loftier and Tseliunke, ibid. 1909, 
42, 929). 

Pseudoconhydrine CJI t7 ON, which is also 
found in hemlock, closely resembles conhydrine. 
It is a crystalline, strongly basic substance, 
m.p. I05°-i00° ; b.p. 230°. It is a secondary 
base and forms crystalline salts (Laden burg 
and Adam, Ber. 1891, 24, 1071). Bugler and 
Baur regard it as 2 : a-hydroxypropylpiperi- 
dine {ibid. 1894, 27. 1777), anil Loftier has 
suggested that it is 4-hydroxy-2-propylpipcri- 
dine {ibid. 1909, 42, 110). G B. 

CONIMA RESIN, CONIMENE r. Oleo-resins. 

CONQUINAMINE v. Cinchona Alkaloids. 

CONSTANTAN v. Nickel. 

CONVALLAMARIN, CONV ALLARIA v. Digi- 
talis. 

CONVALLARINO^H^O,, (Walz), C„H i0 O 10 
(Lindner). A glueoside contained in Convatlaua 
majalis (lily of the valley). On heating with 
dilute sulphuric acid it is hydrolysed to a liexoso 
and convaUardm (C 19 H 28 0 4 ?), a crystalline 
substance which forms a stable monohydrate. 
It contains a benzene ring, but is free from 
ethylenic linkings, ketome, and methoxyl 
groups, and contains two hydroxyl radicals; 
the two remaining oxygen atoms appear to 
constitute part of a carboxy-ester group (Lind- 
ner, Monatsh. 1915, 30, 257). Digitalis. 

CONVICINE v. Vioine. 

CONVOLVULIN »\ Glucosides. 

COOMASSIE NAVY BLUE, WOOL BLACKS, 
v. Azo- colouring matters. 

COPAIBA BALSAM v. Oleo-resins. 

COPAIBA OIL v. Oils, Essential. 

COPAIVENE, COPAIVI, C0PAIVIC ACID i>. 

Oleo-resins. 

COPAL v. Resins. 

COPAL VARNISH v. Varnish. 

COPALIN v. Resins. 

COPPER. Sym. Ou. At. wt. 63*57. Melt- 
ing-point in air, 1002° ; in reducing atmosphere, 
1084°. Specific gravity : Roberts Austen (Int. 
Study of Met. 1910, 15) gives 8*217 as the sp.gr. 
of the molten metal. Copper, deposited by 
eleotrolysis from an acid solution of copper- 
sulphate and not subjected to any mechanical 
treatment, was found to havo sp.gr. of 8 ‘9544 at 
15*5° in- air (Watson, J. Soc. Chem. Ind. 2, 153). 

Commercial • copper, prepared in the usual 
way, is never pure, and the examination of tho 
fractured surface of a cast ingot of copper shows 
a minutely vesicular structure. On this 
account the density of such metal is less than 


the same sample of metal after it has been sub- 
jected to a compressing mechanical treatment, 
and varies from 8 ‘2 to 8*6 

Odour .— Copper has a characteristic red 
colour which, in a fractured surface of worked 
metal, may be described as salmon-red. 

Lustre . — A smooth cut or polished surface 
shows a bright metallic lustre which, however, 
soon tarnishes. 

Crystalline system . — Copper crystallises in 
the cubical system. 

Ores of copper. The following minerals are 
those from which copper is extracted on a com- 
mercial scale : native copper, cupnte, mela- 
eonite, malachite, azurito, chrysocolla, ataca- 
mite, chalcocite, bornite, chalcopyrite, fahl ore. 

The importance of the several species in the 
above list as ores of copper varies very much 
with tho locality. Thus, while native copper is 
the chief ore m the Lake Superior district of 
North America, and atucamite in one or two 
localities in Chile, they would in other localities, 
and generally, bo looked upon as rather rare, 
especially so in the ease of the hist species men- 
tioned. So also in the case of malachite ; this 
species, as an ore of copper, is seldom met with 
except in small quantities in the upper and 
oxidised portions of some copper lodes ; yet in 
tho case of tho oneo celebrated Burra Burra 
mine in Austialia, and at Niselme-Tagilsk in 
Russia, it formed the bulk of the ore produced, 
and is also the chief ore m the Tanganyika 
district, Africa. 

Generally, m a copper- mining district, all the 
oxidised species mentioned above occur in 
varying proportions, but as depth is attained, 
and almost invariably at or about the level 
at wlneli water is reached, the copper- bearing 
minerals change and the oxidised species give 
place to the richer sulphide species, and these 
hnally to chalcopyrite intimately mixed with 
varying proportions of pyrite. The inter- 
mingling of the two species last mentioned is 
lroqucntly so intimate that it is not easy to 
distinguish tho component minerals or to 
separate them. Chalcopyrite thus diluted down, 
as it were, with one or more of the minerals — 
pyrito, pyrotite, &c — forms the ore from which 
tho greater proportion of the world’s copper 
supply is derived and the bulk of tho material 
treated at the smelting works generally. Such 
on; frequently contains appreciable quantities of 
gold and silver. The silver is frequently carried 
by intermixed fahl ore, but also, in many 
instances, by the pyritic mixture in which dis- 
tinct silver- bearing minerals are not observable. 

Ab by far the larger proportion of ore pre- 
sented for metallurgical treatment is of the 
nature indicated above, viz. chalcopyrite 
mixed with varying quantities of the pyrite 
family of minerals, it will best serve the purpose 
of this article if the methods adopted for the 
extraction of copper from this material are 
first considered. The ores treated generally 
contain only small percentages of copper, 
frequently not more than 1 p.c. 

The elimination of the several elements in 
the ore and the final production of the copper in 
the metallic state, are effected by two distinot 
Beriee of chemical operations. One of these— 
tho most important, because of its very general 
application— treats the ore by smelting, and 
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causes the necessary reactions to take place 
while the material iB in a molten condition. 
The other — of limited application — treats the 
material in the wet condition, and causes the 
necessary reactions to take place in solutions. 

Those two distinctly different methods of 
procedure may be distinguished as (a) dry 
methods, and (b) wet methods. 

Dry methods. The object wlucli the smelter 
keeps in view 111 the fust stages of tho processes 
is to concentrate the copper contained m the 
ore in as small a quantity of material as may 
be economical. For this purpose, the produet 
known as ‘ matte ’ or 4 regulus ’ is universally 
selected. This consists of cuprous sulphide 
Cu 2 S and iron sulphide FeK in varying pro- 
portions, togethei with sulphides of certain 
other metallic elements. The whole of the 
copper contained in the ore thus passes into the 
matte, while the silica combines with non oxide 
and ( earthy bases, if present, and forms the 
slag. The slag separates easily from the matte, 
owing to its lower specific gravity, and is thrown 
away. Having thus concentrated the copper 
into regulus, or matte, the next stage of the 
process concerns itself with the decomposition 
of thiH matte in such manner as to eliminate 
the iron and sulphur and, as far as possible, 
other metallic elements winch may be present 
and to yield the copper m the metallic state 

The final process consists in relining the 
copper produced as abo\e; or, in other words, 
removing, as far as practicable, the small 
quantities of such elements as may still be 
present in the product of the preceding operation 
which would injuriously affect the copper for 
manufoetui mg purposes 

The treatment of the me involves, therefore, 
three distinct operations ; — 

I . Smelting the ore with the production of 
matte and slag. 

II. Treatment of the matte ioi the pro- 
duction of crude copper. 

HI. Relining. 

The methods and the plant used foi carrying 
out each of the three operation** vary con- 
siderably, and tlie choice of any one depends 
upon local conditions, the natuie of the ore 
as regards physical character, and the nature 
and quantity of the foreign elements present. It 
will not be possible within the limits of tins 
article to study these considerations and the 
bearing they may have on the methods to be 
adopted ; all that tho space will allow of is a 
description of the methods as actually carried 
out under the most generally prevailing con- 
ditions. 

I. Smelting the oir inth the production of 
malic and blag. — Tho object of this process being 
the concentration of the copper in the matte, 
tho chief considerations kept in view are the 
production of a matte as rich in copper, and 
a slag as poor in copper, as is practicably and 
economically possible. 

The grade of the matte to be produced having 
boon decided upon, the smelter regulates this by 
suitably proportioning tho sulphur m the ore to 
be treated so that there shall be sufficient to 
form Ou 2 S with all the copper, and a further 
proportion to form FoS with the iron present in 
such quantity as will cause the matte to contain 
the desired percentage of copper. From these 


considerations it will bo seen that the factor 
which regulates the grade of the matte is the 
quantity of sulphur present in the ore mixture 
smelted. With the class of ore under considera- 
tion, it invariably happens that the quantity of 
sulphur present is considerably in excess of 
requirements, and the production of the most 
suitable grade of matte necessitates the removal 
of this excess, which may be effected before the 
actual smelting of the ore is commenced. Under 
certain favourable conditions, however, it may 
by removed during the smelting process (see 
Pyuhc smelting). Tins preliminary operation 
is designated ‘ calcining 5 oi ‘ roasting.’ 

The process consists m subjecting the ore to 
a dull-red heat under oxidising conditions, so 
that the sulphur is caused to combine with 
oxygen derived from air admitted into contact 
with the ore with the production of sulphur 
dioxide, while the lion is also oxidised at the 
same time. 

The method of canying out this calcining 
pioccss depends upon whether the ore is to be 
treated . 

(a) In the lough— say in pieces from inch 
cube upwards ; or 

(b) As lines or ‘ concentrates,’ i.e. in which 
tbc pax tides are luiely divided. 

Under (a) : The on- \ may be u tinned by 
fowling hca ps of it in the open tur and starting 
the combustion by means of a small proportion 
of wood, the combustion bemg maintained by 
the sulphur present in the ore. 

The ote may also be calcined in stalls moie or 
less open. These consist of series of chambers 
in rows built back to back. The chambers 
are each bounded by three walls, viz, back and 
two side walls, but are open in front and have 
no roofs. Small Hues, opening out into the 
chambers, are built, ui the walls separating them, 
and these flues connect, with a larger flue in 
the cential division wall between the two 
rows, and these again connect with a chimney 
stack. 

The ore is charged into these open chambers 
on to a layer of wood , whim Idled up, the wood 
is fired and combustion extends to the ore itself 
in the same way as m the ease of tho heaps. 
Tho gases produced m the operation are to a 
large extent led away by the Hues in the walls 
above referred to. *Phe annoyance caused by 
the escape of these gases at or near the ground 
level of the woiks — as is the case in open* 
heap roasting — is in this way to a large extent 
avoided. 

The ore may be calcined in kilns. — These are 
similar to the stalls, but are generally built of 
much larger size, aro dosed m on all four sides, 
and are roofed over. They are provided with 
suitable openings in the roof through which the 
ore is introduced, and a doorway in the front 
wall (brickod up when the kiln is in operation) 
through which the calcined ore is removed. An 
outlet flue, connected to the roof or back wall, 
allows tho gases to be, conveyed to a chimney. 

The ore may be calcined m ‘ burners .’ — These 
are constructed and worked on very much the 
same lines as the ‘ burners ' used for burning 
1 pyrites ’ at sulphuric acid works. In this 
plant, a number of closed cells or ‘ burners ’ 
are built in rows, back to back. Each cell is 
roofed in and connects at the back with a 
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central flue common to all the cells, by which I 
the gases are led to the acid chambers. In the 
roof of each cell is an opening through which 
the ore can bo charged from a hopper placed 
above. In this class of plant, the ore does not 
rest on the floor as it docs in each of the cases 
previously considered, but upon a series of square 
bars suitably spaced. Below these bars is 
an enclosed space with suitable door through 
which the calcined ore is removed and by means 
of which the air supply is regulated. 

In operating tins plant, the cell having been 
brought up to a good red heat by the com- 
bustion of wood or other suitable fuel, oie in 
small quantities is gradually added as com- 
bustion proceeds, until the burner is lull. At 
suitable intervals, a small quantity of the 
ealemed ore is removed from the bottom of the 


burner and a corresponding fresh supply of we 
is added through the opening in the roof. In 
this way, the operation of the burner is rendered 
continuous, and no fresh extraneous fuel is 
required after the first starting of the fire. 

In all the methods of treatment described 
under (a), it is essential that proper care be taken 
to prevent the temperature reaching anything 
like melting-point. If the ore melts or sinters 
together, calcination is delayed owing to the 
reduced surface on which oxidation can take 
place Further, m the case of such sintered or 
melted material, difficulties are created in work- 
ing the process in the case of heap roasting 
and also in the stalls and kilns, the formation of 
large masses of sintered or melted ore mtioduces 
imdesn able irregularities m the air current 
j through the mass of ore under treatment, and 
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causes trouble when the oie is removed. In the 
burners, the formation of sintered masses of ore | 
must be avoided, as such masses would have to i 
be broken up m the burner with suitable tools 
before it could be made to pass out between the 

gra Under ’(&) : The ore may be calcined in hand 
calciners or mechanical cakiners . — The former i 
are not much used at the present time, as the 
necessary labour is effectually replaced by 
mechanical appliances. The hand calcinpr, 
which was universally used some years ago, 
consisted of a long flat bedded reverberatory 
furnace, with the usual fire box at one end and 
the outlet flue for the exit of the gases at the 
opposite end (Figs. 1, 2, and 3). The ore was 
dropped from a hopper through an opening 
in the roof on to the bed at the flue end of the 
furnace, where it was spread out by means of 


litablo tools woiked by moil at both sides of 
it* furnace, operatmg through doom in* the 
de walls. ‘ . 

The conditions m the furnace were, intensely 
xidiBing, and it was necessary to stir the ore 
requeiitly to prevent it sintering. In the 
recess of stirring, the ore was turned over and 
loved towards the tire end, thus making room 
or a fresh charge from the feed hopper. This 
>roce8B of stirring and moving the ore forward 
owards the fire end was continued until the ore 
cached closo up to the lire box, at which point 
t was discharged through openings in the bed 
if the furnace into vaults, or chambers, con- 
ducted below, from which— when sufficiently 
;ool — it was removed. The labour required on 
;hese furnaces was very heavy and the output 
(mall, and, oxcept in unimportant installations, 
(hey have given way to fumaoea in which the 
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ore is stirred, moved forward, and discharged by 
mechanical moans operated by power. It will 
be impossible within the limits of this article 
to describe the many furnaces of this typo which 
have been introduced, and it will suffice to 
describe one or two which will serve as examplos 
of the class of plant employed. 

The Me Don gall furnace ( Fig. 4). — This is 
very largely used, and consists of a series of flat 
circular superimposed firebrick hearths, en- 
closed in a briekdmod cylinder of steel plate. 
An iron shaft passes centrally up the cylinder 
through openings in the several hearths, and is 



caused to revolve by suitable gearing attached 
either to its upper or lower end. This shaft may 
be made hollow and cooled by air or water 
circulation. 

One or more iron arms are attached to this 
shaft abote each bed. Tho arms extend from 
the shaft to tho periphery of the circular hedH, 
and have attached to them a series of iron plates 
or ploughs set at a slight angle to the arm. The 
ore is fed from a hopper on to tho top bed near 
the centre, and the angle of the plouglis is such 
that, as the arms revolve, they not only turn the 
ore over, but gradually move it from the centre 
to the edge of the bed. At one point in the edge 
. of the bed is an opening through which the ore 


falls on to the second bed. On this bed the 
ploughs are so set on the arms that the ore 
travels in the reverse direction and is drawn to 
the centre of the bod. Here it discharges on to 
the third bod ; and so on until it escapes at the 
bottom of the furnace. The oponings through 
which the ore falls from one bed to the other 
also serve as flues through which the gases pass 
upwards through the furnace, finally escaping 
through a flue above the ton bed. 

Attached to the lowest bed is a fire box by 
u Inch tho furnace is heated up in order to start 
it ; but, after being once started, little or no 
fuel is required, as the oxidation of the ore pro- 
vides sullicient heat throughout the apparatus. 

The straight- hearth mechanical furnace . — This 
type of furnace passes under various distinctive 
names, according to the several methods 
adopted for operating the ploughs, and slight 
modifications m the construction. One such 
furnace consists of a Hat bed about 100 feet 
long covered with an arch. At one end is the 
inlet for the ore, and at the opposite end is the 
outlet. At the ore inlet end is the hue for carrying 
off the gases, and at the opposite end, but to one 
side, is a lire box with the inlet to the furnace 
constructed m the roof of tho latter. Other 
similar lire boxes — one or two m number — are 
placed at intervals along tho length of the 
furnace. A channel is constructed m the side 
walls of the furnace and in these a rad is laid. 
A suitable carriage with wheels resting on the 
rails stretches from one side of the furnace to 
tho other, and tiie bearings pass through slotH in 
the two side walls and arc earned by the wheels 
above referred to. To this carnage, suitable 
ploughs are attached in such manner that, in 
the course of its travel from one end of tho 
furnace to the other, the ploughs turn tho ore 
over and also move it forward. The earriago is 
moved by a pair of chains or ropes travelling in 
tho channels formed in the side walls, and at the 
two ends of the furnace these chains or ropes are 
carried round wheels sufficiently large in diameter 
to lead them back under the furnace, thus making 
them continuous. One pair of these wheels is 
driven by suitable gearing, thus causing the pair 
of ropes or chains — and with them the carriage 
— to travel the whole length of the bed of the 
furnace, returning through the tunnel under 
the bed, where rails are laid for supporting tho 
carriage. Two or more such carriages are 
attached to the ropes, or chains, at equal 
distances apart. The ore is fed mechanically 
on to tho bod at intervals just as a carriage is 
about to enter, and the ore is spread, turned over, 
and moved forward gradually from one end of 
the furnace to the other. Each time a carriage 
emerges from the furnace, it draws with it a 
quantity of calcined ore. The earriago and its 
attached ploughs are cooled during the passage 
through the tunnel. The ends of the tumaoe 
are closed by light iron doors which hang down 
vertically and are automatically oponed by the 
passage of the carriage and close themselves as 
soon as the carriage has passed. 

There is yet another method of removing the 
excess sulphur which is sometimes used, known 
| as ‘ pot roasting,’ or ‘ blast roasting.’ This 
i method of calcining is advantageously applied 
to concentrates and fines, and, while it eliminates 
: the sulphur, the heat attained is at the same 
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time sufficiently intense towards the end^of the 
process to cause the ore to partially melt or 
sinter together, forming a mass which requires 
to be broken up before it can be treated in the 
smelting furnace. The process is carried out 
in a similar manner to that used in the treatment 
of lead ores, but is not very extensively used 
in the metallurgy of copper. 

After the sulphur m the ore mixture has been 
reduced to the requisite amount, tho ore is ready 
to be smelted. For this operation one of two 
distinctly different types of furnaco are used ; 
those are : 

(1) Blast furnace. (2) lloverbeiatory 
furnace. 

The choice between thesis two methods of 
carrying on the smelting operation depends on a 
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variety of circumstance's, all of which must have 
proper consideration, but the following are the 
chief points, viz.. : Jf the ore is to he smelted 
in the state of lines or concentrates, it is un- 
suitable for blast-furnace treatment, while it is 
eminently suitable for the reverberatory furnace. 
On the other hand, rough ore is unsuitable for 
reverberatory-furnace smelting. 

Blast-furnace, smelting . — The fumace used 
may be built of brick, but is more generally, 
nowadays, constructed with water-cooled walls 
of steel plate (Fig. 5), each section of which is 
termed a jacket. In the smaller furnaces the 
horizontal section is circular, but in the ordinary 
sized and larger furnaces the section is always 
rectangular. As the working of this type of 
fumaoe is — as its name implies — dependent 
upon an air blast projected into the interior, 


m 

the width of the furnace is limited by the strength 
of the blast which is required to penetrate the 
charge from the sides to the centre of the 
furnaco, while tho length of the furnace is 
only limited by tho capacity required. The 
increase in length is obtained by clamping 
together two or more of the jackots on each 
side, thus extending the longer axis of the 
furnace. 

The jackets stand on a thick cast-iron plate 
earned on iron supports. In some cases these 
jackets are only used in the lower part of the 
furnace, all the upper pait being constructed of 
brick, but the brickwoik may, in certain cases, 
be advantageously replaced with a second tier 
of jackets, reaching up to the feed floor. Above 
tho feed floor the furnaco is continued in the 
form of a covered-m brick chamber with lifting 
doors at each side and an outlet in the roof of 
tho chamber, connecting, by means of a suitable 
iron flue, to the general flue system of the works. 
Through the doom the charge, consisting of a 
proper mixture of ore — either raw and calcined, 
or partially calcined ore— is introduced. To 
this ore mixture there is also addl'd such flux, 
either limestone or sdieious material, and the 
necessary amount of coke as is required to form 
a suitable smelting mixtmc. As previously 
indicated, the object of this is to jtroduee a 
i matte of the desired grade and a slag which 
i shall be as free from copper as possible and 
which shall bo of such fusibility as to flow readily 
from the furnace. On tho lower or working 
floor, the furnace is provided, either at th6 ends 
or sides, with one or more spouts through which 
the molten products of the smelting operation 
flow. Except in very large furnaces, only one 
such spout is used at a time, and if more than 
one is fitted, it is with the object of having one 
in reserve in ease of a stoppage to the ono in use. 

The side jackets of the furnace are provided 
with circular openings (tuyeres) passing from 
the outer to tho inner surface. When the 
jackets are set up, these tuyeres form a hori- 
zontal lino of openings on' each side of the 
furnace. Tho blast is brought down from the 
air main by light iron piping to the tuyeres, and 
through theso it passes to tho interior of tho 
furnace. 

The blast, at a pressure of 10—42 oz. per 
square inch, is generated by a suitable blowing 
machine, which must, he of tho positive, and not 
the fan, type. A plentiful supply of water is 
circulated through all tho jackots, and the over- 
flow pipes from these, carrying away the* hot 
water, discharge into sinks or launders. 

The products of the smelting operation per- 
formed in this furnace flow out through the 
spout above described into the settler. In the 
case of small furnaces this is a square cast-iron 
vessel open at the top and mounted on wheels 
to allow of easy replacement. It is furnished 
with a cast-iron spout at its upper edge through 
which the Blag overflows, and is provided with a 
tap hole near the bottom from which the matte 
is tapped from time to time. In the case of 
larger furnaces for this form of settler, there is 
substituted a circular tank, formed of steel 
plates lined with refractory material, placed 
permanently in position under the spout of the 
furnace. This form of settler may be 10 or 
more feet in diameter, and, like the smaller 
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pattern mentioned above, is provided with a 
slag spout near the top and a tap hole near the 
bottom. 

In the settler, a thorough separation of the 
slag and matte takes place : the matte, having 
the higher specific gravity, falling to the bottom 
of the vessel and the lighter slag rising to the 
top, where it overflows through the spout into 
suitable poty provided for its removal to the 
slag dump. From time to time the matte is 
tapped oil through the tap hole at the bottom of 
the settler. The working of tins type of furnace 
proceeds continuously, fresh ore charges being 
dumped m at the top at short intervals, while a 
constant How of slag and matte passes out 
through the spout. 

Jinirbemtui ij-fuinace smelling - The furnace 
used is essentially different both m construction 
and method of woiking from the one previously 
described. Jn the blast furnace, the fuel — coke 
— is burnt in contact with the mateiials to be 
smelted, and the intense heat required fur the 
operation is obtained by urging the combustion 
of the fuel by means of an air blast. Jn the 
roverberaloi y furnace the material to be 
smelted occupies one compartment of the 
furnace, while the fuel coal 01 wood — js burnt 
in another. The draught required for the com- 
bustion of the fuel is quite moderate, and is 
obtained by a chimney of suitable height and 
area. The use, of pulverised coal has leeontly 


been introduced in reverberatory furnace 
practice, with gratifying results, from a fuel 
economy point of view. The working bed of 
tho furnace in plan is a parallelogram (Fig. 6) 
with rounded corners. At one ond, and sepa- 
rated from it by a low partition, is the firo box, 
m which the fuel is consumed. At the opposite 
end is the outlet llue connecting with the 
chimney. A brick arch extends from the back 
wall of the lire box to the flue. Tins arches the 
fui mice across from side wall to side wall, and 
is constructed with a fall from the li re-box end 
to the flue end of the furnace. The partition, 
or bridge, as it is termed, to which reference 
is made above as separating the working bed 
from the lire box, reaches to such a height above 
the bed that an opening is left between its top 
suiface and the roof of the furnace. Through 
this opening above the bridge, tin; flame from 
the burning fuel passes over the bed on its 
way to the outlet flue Tho side walls of the 
furnace are pierced with a number of openings 
used in working the furnace for spreading the 
ore charge, drawing oft the slag, &c , and one 
opening is cut down to the lowest point of the 
bed foi tapping the matte 

The furnace walls and loof aie constructed 
of highly lefiactory bucks 
with an outside casing ot 
oidinaiy bricks, and the 
I whole is bound together 
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with Htoel girdeis placed vertically and tied I 
together from one sale to the other by iron tie i 
rode. The working bottom m variously con- ! 
strutted. It may bo formed of highly refractory 
bricks, or of silicious sand or crushed quartz. 

The charging of tills furnace takes place 
through one or more openmgs in tho roof from 
hoppers supported above Assuming tliat the 
furnace is heated up to the required tempera- 
ture, a charge of ore mixture is dropped from 
the hoppers above through the openings m the | 
roof. This is then spread over the bed by means 
of suitable tools operated by men woikmg 
through the side and front doors. When this 
operation is completed, the doors are closed 
and the lire attended to so as to raise the tem- 
perature of the furnace as rapidly as possible 
to full heat. Th6 charge is occasionally stirred, 
if necessary, to remove anv agglomerated 
masses from the bottom of the furnace, and 


linally, a molten bath is obtained composed of 
two distinct layers — the matte forming the 
bottom layer, and the slag floating upon it. 
When this stage is reached, another charge may 
be dropped and treated m the same way ; and 
this may be repeated from time to tune until tho 
furnace is full of molten slag and matte. A Bide 
door and end door are opened and the slag 
j allowed to run off, and towards the end, this is 
! drawn off by means of tools handled by the 
j furnace- men until nearly all the slag has been 
removed. The tap hole is then carefully 
opened, and this being at the bottom of the 
furnace, tho matte flows through it and is led 
by a launder into a ladle or into moulds placed 
on the floor to receive it. When nearly all the 
matte has been run off, the tap hole is again 
closed and made secure, fresh charges are 
dropped in, and the operations repeated, 

The slag may be received in ladles mounted 
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on wheels, and in these may be removed to the 
dump, run into a stream of water and thus 
granulated and removed ; or it may be run into 
sand moulds formed on the floor of the furnace 
house, and, when cool, broken up and removed 
to the dump. 

The object attained in this operation in the 
revoAcratory furnaoe is the same or with the 
blast furnace, viz. the production of the proper 
grade matte and a slag of easy fusibility 
reasonably free from copper. 

Pyritic smdhng . — This method of working 
secures in one operation what, in the preceding 
descriptions, is attained in two processes carried 
on in separate appliances. It lias been shown 
that in order to produce a proper grade of 
matte from cupriferous iron pyrite, a certain 
proportion of sulphur must be oxidised to 
sulphur dioxido, and that, accompanying tins 
action, a portion of the iron sulphide must hIro 
be oxidised. It has also been shown that, m 
ordinary working, this preliminary treatment 
and the actual smelting of the ore arc earned out 
as two distinct operations. It has also been 
indicated that m the smelting operation proper, 
the high temperature necessary is obtained by 
the combustion of carbonaceous fuol. In 
pyritic smelting, the two processes referred to 
above are earned out as one operation in one 
furnace, and the high temperature necessary is 
derived from the rapid oxidation of the. sulphur 
and iron (chiefly the latter) contained in the ore 
itself. While this method of working is of the 
highest importance from an economical point of 
view, it is of somewhat limited application, 
owing to tho fact that comparatively few mines 
produco ore which — as regards it.R physical eon 
dition and chemical constitution— is suitable 
for this method of treatment. 

Tho process is carried out in blast furnaces, 
and for its successful operation demands a 
larger volume of air per unit of time than the 
ordinary smelting process and an ore mixture in 
which the pyritic material is present in fairly 
large pieces. The silica must, be, for the most 
part, free silica (quartz), and not combinod with 
earthy bases as silicates. Under those circum- 
stances the ore may bo satisfactorily smolted, 
producing the’ required matte and slag with the 
consumption of but- 1 to 3 p.c. of coke instead 
of 10 to 12 p.c. used in tho ordinary method of 
smelting. A small amount of coke is found to 
be desirable in order to keep tho charge open. 

II. Treatment of the matte for the production 
of crude copper . — It has already been pointed 
out that inatto consists of cuprous sulphide 
Cu.,S, with varying proportions of iron sulphide 
FeS, and tho carrying out of tho stage which 
is now to bo considered involves the elimination 
of the sulphur and iron, whilo the copper is left 
in tho metallic state. The process is carried out 
by different methods, the chief of which will now 
be considered. In all of those the operation is 
performed in two stages, although, in some cases, 
these follow one immediately after the other anil 
in the samo apparatus, while in others tho 
stages are performed as two separate operations 
and in two or more separate furnaces. The 
first stage in each case consists in the removal of 
the FeS with the production of Cu,S, and the 
second stage treats the Cu 2 S with the production 
of metallic copper. The carrying out of tho 
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first stage depends upon the faot that, when 
matte is exposed to oxidising conditions, the 
iron sulphide is tho first of its constituents to be 
decomposed, the sulphur being oxidised to 
sulphur dioxide. The resulting iron oxide is 
then caused to combine with silica, forming a 
slag which can be removed from the residual 
cuprous sulphide. 

The second stage in the process depends 
upon one or moro of the reactions represented 
by the following equations : — 

C!u a S+2Cu,Os=flCu+ S0 2 ; 
('U 2 iS-{'2CuO =4Gu+SO a ; 
Cu a «+Cu80 4 =3Cu+2S0 2 ; 

the first being the most important as repre- 
senting the change which takes place in the 
largest proportion of tho material. The re- 
actions indicated are effected by bringing the 
several compounds together in a molten con- 
dition. The oxidised compounds may be added 
to the molten Cu 2 S from outside sources or 
may be, and generally are, produced by the 
oxidation of a portion of tho cuprous sulphide 
itself. 

The reactions outlined above are, at the 
present day, almost always brought about by 
what is termed the ‘ converter process,’ also 
named 1 Bessemerismg,’ the former name derived 
from the designation of the vessel in which the 
operation is performed, viz. converter, and 
the latter from the name of the distinguished 
inventor, Sir Honry Bessemer, who had many 
yearn previously applied a similar method and 
plant to the production of steel from pig iron. 

The convertor consists essentially of a vessel 
formed of steel or iron plate, with a thick fining 
of either highly silicious rock to which a small 
quantity of clay lias been added, sufficient 
only to give the necessary coherence, or of basic 
material. The vessel is provided with a suitable 
aperture serving the purpose of a charging 
opening through which the matte to be operated 
upon is poured in a molten condition, also as an 
out.lot through which the products of the 
operation are poured, as well as being an escape 
for the gases produced in the process. Tne 
vohsoI is supported on horizontal trunnions or 
on friction rollers, and is capable of being 
rotated by electric or by hydraulic power 
(Fig. 7). ? fho form of tho vessel is more or less 
cylindrical with the axis of the cylinder placed 
vertically or horizontally. In tho case of the 
former,, a shallow circular enclosed space, termed 
the air box, is attached on tho outside at the 
bottom of the vessel. Tn the latter form, this 
air box takes the shape of a long rectangular box 
attached horizontally to the outside of the con- 
verter. From these boxes holes arc led through 
the plates forming tho easing of tho converter, 
and are continued through the lining to the 
interior. Air, at a pressure of from 8 to 12 lbs. 
per square inch, is supplied to the air boxes as 
roquirod, and the supply is controlled by suitable 
valves. Charging of the converter with matte 
is effected by means of a launder direct from the 
furnace, or settler, or by tapping these first 
into a steel ladle handled by an overhead crane 
whioh conveys it to the converter and pours it. 

When an acid fining is used, the converter, 
having been fined and the lining dried by a slow 
fire, is placed upon the stand and connected up 
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to the air main A charge of molten matte is 
then poured in, the converter having boon 
tilted into a suitable position for receiving it. 
The air being turned on, the converter is then 
tilted over so that the tuyhres are brought 
benoath tho surface of the matte, and the air, 



being forced through 
the molten sulphides, 
causes a rapid oxidation 
of the constituents of the 
iron sulphide The sul- 
phur is oxidised in this 
way to sulphur dioxide 
and the iron to oxide, 
which is immediately 
converted to silicate Ivy 
Fig. 7. combination with the 

silica of the lining. As 
the oxidation proceeds, the temperature of tho 
oharge increases and the operation is continued 
until practically the whole of the iron sulphide 
has boon decomposed, and the contents of the 
converter consist of cuprous sulphide and slag. 
Tho convertor is now turned over and the slag 
run off into pots or moulds, and when this is 
done, it is again turned into the blowing position, 
when the second stage of the oxidation is com- 
menced. The passage of the air through the 
molten cuprous sulphide brings about the 
oxidation of a part of that material to cuprous 
oxide, which immediately reacts upon unaltered 
cuprous sulphide with the production* of an 
equivalent quantity of metallic copper, in 
accordance with the reactions already given. 
This action continues until all the cuprous sul- 
phide has boon decomposed and the contents of 
the converter consist of metallic copper ; any 
small quantity of slag which may be on the 
surfaoe is removed by turning down the vessel 
and skimming off. Tho metallic copper is 
then poured by tilting the converter. As # tho 
slags produced in the operation contain a certain 
amount of oopper they are resmelted in the 
furnace in which the matte was produced in the 
first place. As soon as the coppor has been 
poured, the converter is ready to roceivo another 
oharge, and the operations are repeated. When 
several charges, generally 5 to 10, have been put 
through (the number depending upon the nature 
of the material of which the limng is formed and 


the care exercised in ramming it into place), the 
lining becomes too thin for further use ; tho 
convertor is therefore removed to the relining 
department by means of the crane, the old 
lining is taken out and a fresh one put in, when, 
after drymg, it is again ready for use. 

Owing to tho frequency of this reining 
necessary m the acid converters, basic lined 
converters have been introduced, magnesite 
bricks being used fur this purpose. The silica 
which is necessary to flux off the oxide of iron 
j formed by the oxidation of the iron sulphide 
j in the matte, is charged into the converter in 
the form of dried sihcious ore. Very largo basic 
j lined converters are now being used and tho 
j method of working varies somewhat from that 
j used m the case of acid lined convert, ers. The 
copper from a previous charge having boon 
poured, 30 to 40 tons of matte may bo poured 
into the converter followed by about 3 tons of 
sihcious ore which may itself be cupriferous. 
The blast is then put on and the converter 
slowly turned until the tuyeres are below the 
level of the matte. For the first, few minutes a 
blast pressure of only 5 lbs is used, and after the 
matte and silica have thoroughly intermingled, 
the blast pressure is increased to about 12 lbs. 
per square inch. Whon the silica has boon 
Uuxed by the iron oxide, tho converter is turned 
down and the slag poured off. A further charge 
of (5 to 7 tons of matte and sufficient sihcious ore 
are now added and the blow is resumed. This 
removal of slag and additions of matte and ore 
aro continued until sufficient white metal or 
cuprous sulphide has accumulated in the 
converter to be blown to metal m tho usual way. 

Another method for the production of 
metallic copper from tho matto is conducted 
entirely in reverberatory furnaces, and is some- 
times employed where tho output does not 
justify the more expensive convertor plant 
previously described. In this method of 
working, the first stage, viz. the removal of tho 
iron sulphide of the matte by oxidation of 
its constituent, elomonts, is effected by Bmelting 
tho material with a proper proportion of calcined 
matto together with silica sufficient to form a 
silicate of iron slag with the iron oxide ; or the 
matte may be smelted with oxidised copper ore, 
silica being also prosent. In eithor case, the 
result is that tho iron sulphide is decomposed, 
the sulphur passing from the furnace as sulphur 
dioxide, and the iron forming, with tho added 
silica, a slag, which is removed. The contents of 
the furnace at this stage consist chiefly of 
cuprous sulphide, Cu 2 S. Currents of heated air 
are directed over tho surface of the molten bath, 
with the resulting formation of cuprous oxide 
and the concurrent reaction botween this and 
the unchanged cuprous sulphido results in the 
production of metallic copper, in accordance 
with the equations previously set out. When 
this reaction has extended to tho whole contents 
of* tho furnace, the heat is raised and the metallic 
copper is tapped out into moulds. 

lit. Refining . — The method of treatment to 
be adopted in this operation depends upon 
whothor (a) tho copper is practically free from 
gold and silver and froift deleterious elements ; 
{b) the copper contains appreciable quantities of 
gold and silver, or contains undue quantities of 
deleterious elements. 
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If the metallic copper produced by the 
operations previously described under I. and II. 
comes under the description (a) above, it can be 
refined by furnace treatment only ; if it comes 
under (b) it must be refined electrolytically in 
order to recover the gold and silver or to obtain 
it free from the impuritios. 

Under (a), the furnace employed is of the 
reverberatory type, and the removal of the im- 
puritios is effected by slowly melting the pigs of 
copper under highly oxidising conditions, and 
maintaining the bath of molten copper under 
this condition until the impurities are oxidised 
and removed, eit.hor by volatilisation or by 
passing as oxides into tho copper silicate slag 
formod. The oxidation of the impurities is 
facilitated by tho fact that metallic copper has 
tho property of dissolving a small proportion of 
cuprous oxide, which compound is brought into 
oontact with the elements to be oxidised under 
the very favourable condition of fluidity. 

• Tho oxidising condition of the bath of molten 
copper is maintained until the impurities arc 
removed, as far as practicable, and the copper 
contains a maximum quantity of dissolved 
cuprous oxide. In this condition tho metal is 
said to bo ‘ dry.’ After removal of the slag, the 
next stage consist, s in reducing tho greater 
portion of tho dissolved cuprous oxide, which is 
effected by depressing poles of green wood below 
tho surface of tho hath of medal, when con- 
siderable agitation takes place and the, cuprous 
oxide is subjected to the reducing action of the 
gases given off by the pole. 

Tho process is continued until only a small 
quantity of cuprous oxide remains, and the 
copper attains the physical condition known as 
tough pitch,’ when it is ladled out into moulds 
of any required shape. 

Under (b), the copper is rofined electrolytically. 
This process depends for its operation upon the 
fact tnat if an electric current is caused to pass 
through a solution of copper sulphate, tho coppor 
in the solution is deposited at trie cathode, while 
the acid is sot free at tho anode. If the anode is 
composed of metallic copper, then tho acid set 
free on its surface immediately dissolves an 
equivalent portion of copper which passes into 
solution, and is,*in turn, deposited at the cathodo, 
and the process thus becomes continuous so long 
as the current passes and there is coppor at tho 
anodo to be dissolved. Assuming that the 
solution of copper sulphate is properly made up 
and maintained, and tho voltago and current aro 
suitably adjusted, then only copper will be 
deposited at the cathode, while the gold and 
silver and all tho impurities contained in the 
copper anodes will cither remain as insoluble 
slime, collected at the bottom of the vessel in 
which the operation is conducted, or will pass 
into the electrolyte. Gold, silver, and lead pass 
entirely into the insoluble slime ; other elements, 
such as iron and nickel, pass wholly into the 
solution, and others again aro to be found partly, 
in the slime and partly in the electrolyte. The 
oathode surface is, to start, with, a very thin sheet 
of electro-deposited copper, and when — as the 
result of the operation— sufficient copper has 
accumulated upon its surfaces, it is removed 
from the bath and is ready for melting and 
casting into any required shape. In praotice, 
a number of anode plates are hung in a lead- 


lined wooden tank, and are suitably connected 
to the positive lead. Alternating with these 
anode plates are hung the cathode sheets, con- 
nected in parallel with the negative lead. A 
large number of tanks are connected in series, 
and tho current is passed through the whole set 
of tanks. The electrolyte is caused to circulate 
through the whole series, and, after it has been 
in use for some time, a certain proportion must 
be removed regularly for purification. A 
quantity of anode coppor remains undissolved, 
and when the tank is to be cleaned, this is taken 
out for rem citing into anodes, the solution is 
run off, and the slime is removed. This latter 
is washed and dried, any largo particles of 
copper removed by sieving, and the fine slime is 
then treated for the recovery of any silver or 
gold which it may contain. 

Copper flue dust. A considerable amount of 
copper may bo carried forward m the waste 
gases from tho furnaces and precaution^ are 
now taken to recover it. In modern well 
arranged plants, capacious flues and dust 
chambers arc provided between tho furnaces 
and tho chimney for the deposition of the fine 
particles of ore carried forward, and for the 
condensation of copper fume, which is frequently 
arsenical. Tho Cottrell process of electrostatic 
precipitation of dust is sometimes used. The 
dust obtained is collected from time to time 
and retreated in reverberatory furnaces or is 
briquetted and smelted in blast furnaces, 

Wet methods. Until recently those had a 
very limited application in tho extraction of 
eojiper, but within the last few years have 
made romarkablo strides, and extensive plants 
are now in operation in which new methods or 
modifications of the older methods are being 
used. Tho wet extraction of copper consists ot 
leaclung the ore either in its natural condition 
or after roasting and in a suitable state of sub- 
division, with a suitable solvent, in vats fitted 
with false bottoms and precipitating the copper 
from the solution thus obtained by suitable 
means. 

Wet methods arc specially suitable for the 
treatment of low grade oxidised ore and for 
oxidised tailings, but have also been successfully 
applied to the treatment of material containing 
the copper as sulphide. Tho most widely used 
method consists in leaching the ore with dilute 
sulphuric acid and recovering the copper from 
the solution by electrolysis or by precipitation 
on metallic iron. This method can be applied 
directly to oxidised ores, but in the case* of 
sulphide ores a preliminary roast, in order to 
render the copper soluble in the acid, is fre- 
quently neoessary. 

At Rio Tinto the massivo cupriferous pyrites 
is treated without roasting, large heaps of the 
mineral being allowed to oxidise slowly under 
the action of air and moisture, and the copper 
sulphate thus formed iB washed out and precipi- 
tated on metallic iron. In some cases in which 
sulphuric acid leaching is followed by olectrolytic 
deposition of the copper, the regeneration of 
sulphuric acid in tho precipitation plant yields 
a solvent suitable for further leaching operations. 

Another method used consists in roasting the 
cupriferous sulphide material with salt. Soluble 
copper salts are thus formed whioh may be 
recovered by solution and preoipitation of the 
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copper on iron. A modification of this process 
is also used whoreby silver is recovered with the 
copper. 

Other processes are sometimes used in which 
sulphurous acid, ferric sulphate, ferrous chloride 
and ammonia are used as solvents. 0. 0. B. 

Com pounds of Coffer. 

Oxides. Five oxides of copper aro said to bo 
known : the quadrantoxide Cu 4 (), the tnentoxide 
Cu.,0, the sub- or heini-oxide Cu.,0, the monoxido 
Cu(), and the peroxide CbO,. Other oxides 
have been described, but their existence is not 
proved. 

Copper quadrantoxide is stated to bo formed 
by adding a solution of copper sulphate to a 
cooled dilute solution of stannous chloride in 
caustic potash (Horc, Fogg. Ann. 1861, 120, 1). 
It is an olive-green powder, which rapidly ab- 
sorbs oxygon from the air. According to Moser 
(Zoitsch. anorg. Chem. 1000, 04, 200), this pro- 
duct \s really a mixture of cuprous oxide and 
copper. 

Copper trientoxide is obtained as a hard 
yellowish mass by heating cupric oxide at 
1 500°-2000°. It is unaffected by any acid 
except hydrofluoric (Bailey and Hopkins, Chom 
Soc. Trans. 1800, 200). 

Copper suboxide, or hemioxide, red oxide of 
copper, cuprous oxide Cu„(), occurs native as 
cuprite or red copper ore, and as chalcotnrluU 

It may bo prepared (1) by beating finely 
divided copper in air below a red heat ; (2) by 
gently heating a mixture of 5 parts cuprous 
chloride and 3 parts sodium carbonate m a 
covered crucible, and separating the oxide by 
lixiviation ; (3) by reduction of an alkaline 

solution of a copper salt by sugar or certain 
other organic bodies, as in Barreswd's (Folding's) 
solution ; (4) by heating m a covered crucible a 
mixture of 5 parts copper monoxide and 4 
parts copper filings ; (5) by the electrolysis of 
copper sulphate solutions under certain con- 
ditions (Miller, J. Phys Chem. 11)01), 250 ; Gillctt, I 
ibid. 1909, 332) ; (0) by heating cupric oxide m 
sulphur dioxide and treating the product with 
water, when cupric sulphate is dissolved and the 
cuprous oxide remains: 3(tu<)-f tSC> a =0u 2 O 
+CuS0 4 (Hammick, Chem. Soc. Trans. 1917, 
111,384). 

This oxide is decomposed by most acids into 
a cupric salt and copper ; hydrochloric acid, 
however, converts it into cuprous chloride 

Cuprous oxide fuses at a bright-red \icat. It 
dissolves in metallic copper and renders it 
brittle or ‘ dry ’ when present in quantity. As 
much ns 4‘G p.c. has been found by Abel in very 
dry copper, and, according to Watson (J Soc. 
Cliem. Ind. 1883, 154), from 1 to 21 p.c. is present 
in ordinarily good copper 

It is largely used in the manufacture of ruby 
glass, and for the production of a red glaze on 
pottery (Louth and Dutadly, Mon. Cerajn. et 
Verr. 19, 237), and, together with the black 
oxide, forms one of the so-called copper paints 
used for painting ships’ bottoms. 

A yellow form of the oxide iB produced by the 
action of alkali on cuprous chloride, or better by 
the reduction of a cupric salt by means of 
hydroxy lamine in presence of alkali. Jt can 
also be prepared dectroly tie-ally, using an alkali 
sulphate to the electrolyte a,nd an anode of pure 


copper. It may also be obtained by the re- 
duction of Barreswil’s (Folding’s) solution in 
presence of a deficit of tartrate. The yellow pre- 
cipitate thus formed is not a definite hydrate, 
but is a colloidal form of the oxide with an in- 
definite amount of water (Groger, Chem. Zeit. 
Hep. 1902, 197). It quickly changes to an 
orange or brick-red colour aVid can thon be dried 
unchanged. The dried product contains from 
2-3 p.c. of adsorbed water. At a low red heat 
it. loses this water and changes into the red 
crystalline form. The yellow cuprous oxide is 
to be regarded as a primary metastablo form, 
the rod crystalline form being the stable one. 
It is a poworful reducing agent, especially in 
ammoniacal solution. This solution, which is 
colourless, immediately becomes blue from the 
formation of the monoxido on exposure to the 
atmosphere, and thus forms a delicate test for 
oxygen. The hydrated oxide dissolves in a 
concentrated solution of magnesium chloride. 

This oxide is produced in Iloepfncr’s process 
for extracting copper from ores, &e., with cupric 
chloride solution. Cuprous chloride is fortnod 
and treated with alkali to obtain cuprous oxide 
(J. Soc. Chem. Ind. 1893, 932 ; Eng. Tat. 18900, 
1892). 

Copper monoxide, cupric oxide, black oxide 
of copper, ‘ copper oxide * CuO, occurs as mda- 
conttc or black copper , especially at Lake 
Su perior. 

ft may be prepared by heating the nitrate 
or carbonate to dull redness or the sulphate to 
intense redness. The decomposition of the sul- 
phate is the basis of Adcock’s process for the 
preparation of the oxide direct from the natural 
carbonate or sulphate (Eng Pat. 11G78, 1900). 
The copper oxido used for organic analysis, &c., 
may be prepared by moistening copper scale 
(the mixture of suboxide and black oxido ob- 
tained while working copper sheet, &c.) with 
nitric acid, and igniting. 

An electrolytic method of preparing the 
oxide has been described by Miller (J. physik&l. 
Chem. 1909, 250) ; and by Luckow (Zeitsch. 
Elektroebem. 1897, 482). 

Copper oxide is a black powder which 
agglomerates when heated, and fuses at the 
melting-point, of copper, forming ‘cuprous oxide, 
or 0u 3 O, according to the temperature. It can 
be made to crystallise in regular totrahedra. It 
iB slightly hygroscopic, especially when in powder. 
When heated with organic substances or certain 
gases, it, is rcducod to metal. The metal pro- 
duced by reduction in hydrogen always contains 
that gas, but if the oxido be reduced in formio 
acid vapour, the metal is quite free from hydro- 
gen and is suitable for organic analysis (Weyl, 
Bor. 15, 1138). 

It, dissolves in acids with formation of 
cupric salts. In oils, &e., it is soluble to some 
oxtent ; it is for this reason that copper cooking 
vessels require such constant cleansing. 

. Copper oxide is used in ultimate organic 
analysis ; to make green and blue glass and 
glazes, and to some extent as a pigment. It 
has also been used as one electrode of a galvanic 
cell ( v . Lelande and Chaperon, Bull. Soc. chim. 
\2] 49, 173). 

Cupric hydroxide ^CuOHgO mav be pre- 
pared by precipitating a solution of a copper 
I salt by addition of alkali and washing rapioly. 
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When heated with water, it becomes black and 
amorphous. 

A colloidal form of the oxide has been ob- 
tained by Paul and Louzo (Ber. 1906, 1545), 
which gives blue-violet solutions, and when dry 
retains its solubility indefinitely. 

The hydroxide is used as a blue pigment 
by paper stainors, tfut becomes green on ex- 
posure. It corresponds closely with certain of 
the highly basic carbonates sold as wrdtiers. 
According to Dumas, it is best prepared as fol- 
lows : 6 parts of copper sulphate are dissolved 
in water and mixed with a solution of 3 parts of 
calcium chloride. The clear liquid is decanted 
from the precipitated calcium sulphate and is 
mixed with 1£ parts of lime made into a eieam 
with water. The greenish precipitate is col- 
lected, washed, and mixed with one-foui th its 
weight of slaked hme and as much pearl ash, 

* and to render the colour more permanent, one- 
fourth its weight of ammonium chloride and 
one-half its weight of copper sulphate are usually 
added. 

The hydrated oxide dissolves in ammonia, 
the saturated solution m stiong ammonia being 
known as ‘ Schweitzer’s reagent,’ or cuprum- 
mumum. This solution lias tho propeily of 
giadually dissolving cdlulusc with formation of 
a viscid solution which is used for the prepara- 
tion of tho ‘ Willesden papers,’ and for the pio- 
daction of ‘ artificial silk ’ on the large scale. 
This process consists in injecting the eojipei- 
oelluloso solution into strong solutions of alkali 
or acid. In either case, coagulation takes place 
with formation of a blue of cellulose corre- 
sponding in thickness to the diameter of the jet 

An aqueous solution of sodium hydioxide of 
sp.gr. 1-345 1-370, or of potassium hydroxide 
of sp.gr. I '453-1 41)8, will dissolve 0 78 grin, of 
cupric hydroxide m 100 o.c giving a bright blue 
solution which yields no precipitate when boiled, 
if a moi-o dduto alkali solution bo used the 
solution is not stable when further diluted and 
subsequently boiled (Justen-Mueller, Compt. 
rend. 1918, 107, 779). 

Cuprammonium solutions are prepared on 
the large scale by the joint action of oxygen and 
ammoma on metallic copper at tempeiatures 
near 0° (Schafer, US. Fat. 884298, 1908; 
Bronnort, Freniery, and Urban, Eng. Fat. 1703, 
1900; Leocour, Fr. Pat 374277, I9(H>). 

Bellot has patented a continuous process of 
manufacture, using a series of closed vessels 
(Fr. Pat. 335207, 1903). 

Tho solution should be purified by dialysis, 
as tho presence of crystalline salt favours its 
decomposition (Lecmir, Fr. Fat. 302980, 1900). 
Addition of 1-2 p.c. of polyhydnc alcohols, 
carbohydrates, gum, <fcc., to cuprammonium 
solutions increases their stability and prevents 
tho deposition of cupnc hydroxide (Friedrich, 
Eng. Pat. 4104, 1909), and the presence of sueh 
substances facilitates manufacture of the solu- 
tion, making it possible to employ copper con- 
centrations up to 5 p.c. without eoohng (Fr. Fat. 
399911, 1909). 

Chattaway has shown (Proc. Roy. Soc. 1908, 
80, A, 88) that by the reduction of a cupram- 
monium solution with aromatio hydrazines, 
copper mirrors can be deposited on glass. 

Dawson states that a solution of cupric 
hydroxide in ammonia contains copper as the 
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base Cu(NH,) 4 (OH)* (Zeitech. physikal. Chem. 

69, 110). (For a general discussion of the con- 
stitution of cuprammonium salts, see Horn and 
Taylor (Amer. Chem. J. 1904, 263), and Horn 
(ibid. 1907, 475).) 

Copper dioxide, copper peroxide CuO a , is 
obtamed by the action of hydrogen peroxide on 
cupric hydroxide in neutral solution at 0° 
(Kruss, Ber. 1884, 17, 2593 ; Moser, Zeitscli. 
anorg. Chem. 1907, 54, 121). The crystalline 
piecipitato is washed with water, alcohol, and 
ether at O ’, and dried in vacut 5. It has a yellow - 
| ish-brown colour, and decomposes at 180°, 

I forming cupric oxide. 

Salih. Two scries of copper salts are known, 
cuprous and cupnc. The former are mostly in- 
soluble in water, and are of hut little commer- 
cial importance. They act as powerful reducing 
agents and readily pass into the cupric condi- 
tion. Cupric salts are mostly soluble, and arc 
of wide application. m 

Cuprous chloride Cu 2 Cl 2 may be prepared, 
amongst other methods, by boiling cupnc ehlor- 
ldo with hydrochloric acid and copper turnings. 
On addition of water it is precipitated in wlute 
crystals. 

Zuloaga lias suggested (Rev. Chim. Ind. 
1900, 107) that the cuprous chloride solution 
usod in tho extraction of silver from its ores 
should bo prepared by mixing solutions of cupric 
sulphite and of cupnc sulphate and sodium 
ehloiule. 

Cuprous clilondc melts below a red heat into 
a yellow transpaient mass. Tho dry crystals be- 
come yellowish on exjiosure to light ; if moist, 
they acquire a dirty- violet tinge. Flates of 
copper coated with this chloi nic by the action of 
chlorine will take photogiapluc impressions, but 
cannot be made to withstand exposure to light 
(e Ctti’lemami, J. pr. Chem. 63, 475 ; and Friwoz- 
nik. Dmgl poly. «I. 221, 38). 

Cuprous chloride combines with ammonia 
to form threo compounds 

Cu/VNIi;,, Cu a Cl,-3NH 3 , Cu a Cl/6NH s 
Cuprous bromide ami iodide form compounds 
analogous to the last two (Lloyd, J. Fhys. Chem. 
1908, 398). 

The hydrochloric acid solution, when exposed 
to air, absorbs oxygen and acquires a brown 
colour, subsequently depositing a pale bluish- 
green insoluble copper oxychloride 
CuCl 2 -3CuO,4H a O 

An identical substance used as a pigment, and 
known os Brunswick green, is prepared «by 
boiling a solution of copper sulphate with a 
small quantity of blcaohmg powder solution ; or 
by moistening copper turnings with free exposure 
to air. It occurs m nature as aiacavnite. 

The use of the oxychloride in preference to 
the sulphate for destroying mould on vinos, &c., 
is recommended. 200-260 grams per litre of 
water are employed (Deletrez, J. Soc. Chem, 
Ind. 1909, 438). 

When a solution of cuprous chloride in potas- 
sium chloride, acidified with hydrochloric acid, 
is treated with acetylene, a yellow precipitate 
of CUjjClj’CjHjj is formed. Other compounds 
containing copper oxide or potassium cnloride 
can be obtamed by varying the conditions 
(Chavastelon, Compt. rend. 132, 1489). 

I Acetylene reacts with solutions of cuprous 
2 B 
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chloride in ammonia to form a blood-red pre- 
cipitate of cuprous acetylide , which, on dehydra- 
.tion, has tho formula Cu 2 C 2 , and is highly 
explosive . (Scheiber, Ber. 1908, 3816). Its 
decomposition by acids has been used as a 
means of preparing pure acetylene. A colloidal 
solution of copper acetylide has been prepared 
by Kuspert (Zeitseh. anorg. Chom. 34, 463) (v. 
Acetylene). 

Cuprous bromide Cu 2 Br 2 is obtained by tho 
union of its elements or by boiling a solution 
of cupric bromide with copper, and forms a 
brown crystalline mass. 

Cuprous iodide IS the only known iodide of 
copper, and is obtained as a white precipitate by 
adding potassium iodide to a solution of copper 
sulphate containing ferrous sulphate or sulphu- 
rous acid. It has a sp gr. 6 663 at 16° (Spring, 
Ree. trav. clmn. 1901, 79), molts without 
decomposition at 628°, and is practically in- 
soluble in wator. 

Cuprous sulphite Ou 2 NO a ,H,() is obtained in 
microscopic naeroous plates by passing sulphur 
dioxide into a hot solution of cuprous acetate 
m acetic acid. It forms double salts with the 
alkali sulphites. Gupta-cupric sulphite CuHtV 
OujSOjjliHjO is a red nnerocrystallme powder. 

Cuprous sulphate Cu a S0 4 can be prepared 
by the action of dry dimethyl sulphate on dry 
powdered cuprous oxide (Recoura, Compt. rernl. 
148, 1909, 1105). A compound of cuprous 
sulphate and carbon monoxide Cu 2 S0 4 '2C(),H 2 0 
has been obtained by Joannis (dud. 1903, 615), 
by reducing cuprammomum sulphate with 
hydroxylamine. Pochard has made ainmonio- 
cuprous sulphate; ( 'U 2 K(J 4 -4NH a {ibul. 1903, 50t). 

Cuprous sulphide Cu 2 S occurs as chalcoiie or 
copper glance. It may be prepared by beating 
copper to redness m sulphur vapour, or by heat- 
ing a mixture of copper and sulphur It melts 
at 1130 u, JL)“ , o > 5 785. It is dimorphous, and has 
an inversion temperature at 91°. 

Cupric chloride CuCl a may be prepared as a 
fused, liver-coloured, anhydrous mass by heat- 
ing copper in excess of chlorine. In solution it 
may be prepared by dissolving the oxido in 
hydrochloric, acid. Jt crystallises in grass-green 
prisms or noodles containing 2 molecules of 
water, They become pale-blue when dried m 
vacuO. The anhydrous salt is obtained on 
gradual addition of a large excess of cone, 
sulphuric acid to a solution of tho chloride 
(Viard, Compt. rend. 1902, 135, 168). 

0 Cupric chloride is very deliquescent, and is 
soluble in alcohol. When a small quantity of 
potash is added to tho aqueous solution, a pale- 
blue basic oxychloride 2Cu0‘CuCl>,4H,0 is 
precipitated. It turns to a black anhydrous 
po\wler when heated, but again becomes green 
with absorption of 3 molecules of water when 
moistened, it is an intermediate product in the 
manufacture of verdUer {v. Capper carbonates). 

Cupric chloride is used m calico printing, in, 
tho manufacture of methyl violet, and for the 
oxidation of Catch colours. 

Green has shown that the chloride is a very 
effective disinfectant (Zeitseh. fur Hygiene), 
1893, 496). 

When cupric chloride solution is mixed with 
■ejjoeBB of potassium thiocyanate solution, cupric 
thiocyanate Cu(CNS) a is produced. This is 


slowly acted on by water and is ultimately 
reduced to cuprous thiocyanate CuCNS with 
formation of carbon dioxide, ammonia, carba- 
mide, hydrogen cyanide, thiocyamo and sul- 
phuric acids (Philip and Bramley, Chem. Soc. 
Trans. 1916, 109, 597). 

Cupric bromide CuBr 2 is obtained by dissolv- 
ing cupric oxide in hydroBromic acid and eva- 
porating m vacuo. It is dark-coloured, very 
deliquescent, and, when heated, decomposes into 
cuprous bromide and bromine, it is used as an 
, lntonsilier in photography, and for that purpose 
1 is made, by dissolving m water a mixture of anhy- 
drous copper sulphate and potassium bromide 
(Akt. Ges. f. Aiulinfabr. 1) It. P. 201168, 1907). 

Cupric sulphate, Blue vitnol CuS0 4 ,5H 2 0, 
occurs naturally at Copaquirc, Chile, the rock 
, containing over 12 p c of the hydrated salt 
(Walker, Eng. and Min. J. 1903, 710). This _ 
salt may ho prepared hy dissolving copper or ’ 
its oxide in sulphuric acid, 
j It is prepared on the large scale from metallic 
copper in the following way : Old copper plates 
from the sheathing of slaps, &e , are heated to 
strong redness in a reverberatory furnace, and an 
excess of sulphur is thxown in and the doors are 
closed. When combination is complete, the doors 
an* reopened and the heat is laised to dull redness 
to oxidise tho sulphide into sulphate. The 
mass, while hot, is thrown into dilute sulphuric 
acid, allowed to settle, the solution decanted, 
concentrated, and crystallised. The sulphate so 
produced is of considerable purity. Coarse 
cop pit ami coppa glance or "other sulphurous 
copper ores are similarly tieated. Pauflin and 
(’ouvert have patented a process for the direct 
; manufacture of tho sulphate, fiom the metal 
(Fr. Put. 399413. 1909). (See also Walker, 

| U.S. Pat. 788862, 1905). 

1 .When much iron is present, as in most copper 
; ores and especially m copper pyrites, it would bo 
j impossible to separate the copper and ferrous 
sulphatos by crystallisation, because, although 
, copper sulphate crystallises normally with 5 
! molecules of water, it forms, in presence of 
1 ferrous sulphate, crystals isoniorplioiis with that 
i salt and containing 7 molecules of water. 
By carefully adjusting tho temperature at which 
tlu; sulphide is masted, however, the iron salt 
j may lx; converted mto the oxide while tho 
! Topper sulphate remains almost unaffected. The 
! iron may be removed by heating the solution of 
j tho sulphates to 180° m a copper boiler under 
i pressure. Ferrous sulphate crystallises out and 
1 is filtered off (Gin, Fr. Pat. 328800, 1903). THe 
, iron may be oxidised and thus separated from 
j the copper by boiling the solution with a little 
! nitric acid. ) t, may also be precipitated as oxide 
| by boiling with copper oxido, or by boiling with 
J lead peroxide with subsequent addition of a little 
| barium carbonate. 

j Crude copper or the ore may bo roasted in 
air, and then treated with sulphur dioxide to 
form tho sulphate (Gin, Zeitseh. angew. Chem. 
1903, 566 ; Eng. Pat. 5230, 1903). 

Darier has patented a process in which 
I cupric chloride is formed by the action of chlorine 
and water on tho metal, and is then decomposed 
! by sulphuric acid, with formation of the sulphate 
and regeneration of hydrochloric acid (Fr. Pat. 

: 350421, 1904). 

I When the sulphate is required for purpoee# 



where the presence of iron is not injurious, such 
liquors, or the mother liquors from which the 
purer salt has been separated, may be at once 
crystallised out, with the formation of Crystals 
containing both iron and copper. Much of the 
‘ agricultural copper sulphate * is of this class. 
The ‘Salzburg vitriol prepared at Buxweiler, 
also contains both iron and copper. Accord- 
ing to Lefort (Compt. rend. 26, 185), it consists 
of CuS0 4 *3FeS0 4 ,28H 2 0. ‘ Cyprian vilrid,' 
prepared at Chessy from zinciferous copper ores, 
forms blue rhombic prisms, which contain ac- 
cording to Lefort, CuS0 4 *3ZnS0 4 ,28H 2 <). 

The copper may bo separated from the for- 
rous mother liquors by placing thorn in vats 
containing iron plates upon winch the copper is 
slowly deposited. 

Apparatus for the solution of copper oxide 
in sulphuric acid upon a large scale has been 
described by Coste (Fr. Pat. 31)2617, 1908). 

If copper bo known to contain silver or gold, as 
is tho case with that from the Harz, it is treated 
with sulphuric acid diluted with its own volume 
of water, tho copper being thus dissolved wlulc 
the silver and gold are unallaekod. 

Argentiferous copper ores are roasted in a 
revorberatory furnace, and added in small 
charges to sulphuric acid and digested until the 
solution contains but little free acid. The solu- 
tion is then decanted from the precipitated lead 
ami gold, and is concentrated and run into lead- 
liupd tanks containing plates of copper, upon 
which all the silver and part of tho antimony 
and arsenic are deposited, while the greater pro- 
portion of the Insmulh is precipitated as a "basic 
sulphate, and the non is reduced to tho ferrous 
condition. Tho liquor is then crystallised, the 
mother liquors being used for treating a fresh 
quantity of ore. Hopper sulphate is obtained of 
■great purity and in considerable quantity in the 
refining of silver by precipitating it upon plates of 
copper from its solution as sulphate (o. Silver). 

An electrolytic process for tho production of 
tho sulphate consists m using a solution of 
sodium sulphate and copper electrodes, a current 
of carbon dioxide being passed through the 
liquid. Copper is dissolved from tho anode as 
sulphate, while sodium carbonate is produced at 
the cathode. These react, regenerating sodium 
sulphate and precipitating copper carbonate, 
which is collected and dissolved in sulphuric 
acid (Kroupa, J. Soc. Chom. Ind. 1906, 78) 

Palas and Cotta have also described electro- 
lytic processes for the production of the salt 
(Eng. Pat. 9806, 1899, and 17485, 1900). 

The electrolytic production of tho sulphate 
from * cement copper waters ’ lias been described 
by Rambaldini (Chem. Zentr. 1909, i. 1675). 

It is stated that copper sulphate is sometimes 
adulterated with ferrous sulphate and Prussian 
blue to the oxtent of 90 p.c. (J. Soc. Chem. Ind. 
1900, 84). 

Copper sulphate crystallises in large trans- 
parent blue, doubly oblique rhombic prisms of § 
sp.gr. 2 '28, of the formula CuS0 4 ,6H ? 0. Ac-* 
cording to Poggialo, their solubility in 100 parts 

of water is : 

10°C. 20° 30° 40° 50° 

36*59 42*31 48*81 56*9 65*83 

70° 80° - 00° 100° 

94*60 118*0 156*44 203*32 


When heated, it loses j molecules of water at 
30°, 2 more at 93°-98°, and at 232® becomes 
anhydrous, white, and hygroscopic, and com- 
bines with water with considerable evolution of 
heat. At 341° the anhydrous salt begins to 
decompose (Wanjukow, Chem. Zentr. 1909, ii. 
1124). The sp.gr. of tho anhydrous salt is 
3*606 (Thorpe and Watts). It combines with 
water in alcohol and other organic liquids with 
production of a bluo colour, and may be used 
lor ascertaining the presence of water in those 
substances, but the test is not delicate. The 
anhydrous salt is also soluble m anhydrous 
methyl alcohol, ^nd produces a bluish-green 
solution (Klopl, ,1. pr. Chem. 1882, 25, 526). 

Copper sulphate absorbs hydrogen chloride 
with evolution of heat, forming cupric chloride 
and liberating sulphuric acid. It is therefore 
used to remove hydrogen chloride from such 
gases as chlorine or carbon monoxide. A Biindar 
reaction occurs in solution. 

When mixed m solution with molecular pro- 
portions of potassium and other sulphates, it 
produces well-defined, crystalline double sul- 
phates. Several basic sulphates arc known. 

The sulphate is the most important of the 
copper salts. It is largely used in calico print- 
ing, principally in connection with potassium 
(liehromate or iron mordants ; in black dyeing 
with logwood ; directly or indirectly for the pre- 
paration of most pigments containing copper ; 
and to prevent rot in timber. In agriculture tho 
crude sulphate containing ferrous sulphate is 
used to a considerable extent to prevent smut m 
seeds. The seeds are soaked for some hours in a 
weak solution of tho sulphate, and are sown 
within 24 hours. 

A 10-20 p.c. solution of copper sulphate, 
preferably mixed with lime, is applied to vines 
with great benefit. A small quantity is found 
in Hie vines and must, but tho tannin and 
sulphur introduced before fermentation appear 
to remove it in most eases. 

Karsten has stated (v. J. Soc* Chem. Ind. 
1896, 367) that attacks of illness resembling 
dysentery have been caused by a wine which 
contained copper in such quantity as to give a 
visible deposit on steel in 12 hours. Its presence 
was due to spraying the vines with a copper salt. 

An effective wash for vines is prepared by 
boiling 25 parts of sodium carbonate and 25 
parts of resin m 100 parts of water, and then 
diluting and adding copper sulphate (J. Soc. 
Chem. Ind. 1899, 155). 

Copper sulphate is used in preparing copper 
fnrocyanidc, a solution of which, in potassium 
citrate solution, is used as a toning -bath for 
photographs (Ferguson’s Copper Toning, ibid. 
1900, 465). 

Copper sulphate is also used in dyeiqg to 
make diazo- colours permanent to light. The 
dyed fabric may be treated with the salt 
(Craebling, ibid. 1905, 797), or it may be 
added* to the diazotismg bath (Crossmann, 
Farber-Zeit. 9, 328). 

Cupro-tetrammonlum th osulphate CuS 2 0 3 
(NH 3 ) 4 , has been proposed as an ingredient of 
detonator compositions, which although lees 
sensitive are alleged to possess advantages over 
mercury fulminato compositions, as being 
cheaper, less unhealthy, simpler, and less dan- 
gerous to manufacture. The thiosulphate is 
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made by adding excess of strong ammonia 
solution to a hot saturated solution of copper 
sulphate, . and thereafter adding an equivalent 
amount of sodium thiosulphate, dissolved in 
hot water. The salt separates out as the solu- 
tion cools ; it is washed with a weak solution 
of ammonia, and dried at a temperature not 
exceeding 50°. The violet-bluo crystals are 
slightly soluble in water, not hygroscopic, 
insensitive to light, and very stable. Com- 

I iositions suitable for various purposes are made 
>y mixmg with potassium chlorate, powdered 
glass, antimony tnsulphide and lead thiosul- 
phate (Herz, Zeitsch. gos. Schiess. u. Sprung- j 
Btoffw. 11)12, 7, 284; J. Soe. Chem. Ind. 1912, 
31, 903) 

Potassium copper nitrite K 3 Ou(N() 2 ) D is 

obtained by mixing cold saturated solutions of 
copper sulphate and potassium nitrite, adding 
methyl alcohol, filtering, and adding ethyl 
acotale to the chair, green filtrate when long 
crystals of the salt separate, ltubultum cop pa 
nitrile of similar composition may bo obtained 
in like manner (Kurtenacker, Zeitsch. anorg. 
Chem. 1913, 82, 204). Ba * sic copper nitrites 
3Cu(OH) 2 Cu(NOJ 2 and 2Cu(0H) 2 Cu(N0 2 ) 2 
aro also known. 

Cupric nitrate Cu(NO a ) 2 may be prepared 
by dissolving copper or the oxide or carbonate m 
nitric acid. The solution at temperatures above 
20° deposits dark-blue crystals containing 3 
molecules of water, which melt at 114 5° and 
boil at 170° with evolution of nitric acid and 
formation of a green basic salt. This basic salt 
may also be prepared by boiling the solution of 
the nitrate with copper or copper hydrate, or with 
a little alkali (v. also Copper catbonales for 
an application of the basic nitrate). 

The anhydrous salt may bo obtained by the 
action of nitric anhydride on the hydrated salt. 
It is a white, deliquescent powder, decomposing 
at 15G o -lf>0° (Guntz and Martin, Bull. Soe. elum. 
1909, 6, 1004). 


Copper acetate v. Metallic acetates, art. 

Auetio AOIT). 

Copper arsenite v. Scheek’e green t art. 

Arsenic. 

Cupric phosphate is of no technical interest. 
A brilliant green colour containing a basic phos- 
phate, prepared by heating a mixture of copper 
acetate, sodium phosphate, and ammonia, has, 
however, been used m calico printing (Bour- 
cart, Mon. Sci. [3j 4). 

Phosphorus combines in several proportions 
with copper, and produces true alloys, which m 
many eases are of great value. 

ileyn and Bauer state that the phosphorus 
exists m the alloy as Cu a P and (!u 6 P 2 (J. Soo. 
Chem. Ind. 1900, 1047) The latter compound 
has been obtained by Rubenovitcli by the action 
of phosphine on copper sulphate (Oompt. rend. 
127, 270). 

Copper sillcide ( Cupumltcon ) Cu t Si in ob- 
tained when copper and silicon are heated 
together in the electric furnace (Vigouroux, 
Oompt. rend 1890, 122, 318; Lebeau, ibid. 
1900, 142, 1 54) It is now manufactured in 
Germany and America by this process (Stem- 
hart, Eng. and Mm. J. 1899, 07, 710), and is 
used for puntymg and hardening copper, and 
for adding to tin-, zinc-, and aluminium- 
bronzes to increase their tensile strength and 
hardness 

( luprosiheon can be prepared pure by heating 
together 17 parts silicon and 9 parts copper, in 
hydrogen, and removing the excess of silicon by 
| solution of sodium carbonate. It is silver- 
l white, with a metallic lustre, and is hard and 
brittle The sp.gr is 7 G8, and it is attacked 
by chlorine and aqua regia (Vigouroux, Compt. 
rend. 1900, 142, 87 ; see also Philips, M6tallurgie, 
1907, 4, G87 ; and Lebeau, ibid. 141, 828). 

Copper carbonates. The normal salt has not 
been prepared, but several basic carbonates are 
known, and used as blue and green pigments. 
Basie copper carbonate occurs native as mala- 


Copper filtrate is used to a slight extent m elute CufHO^’OuCOj, and as azunte or chessylite 
dyeing and calico printing, and a solution, pre- Cu(HO) 2 '2CuCO a . When ground, these minerals 
pared by mixing solutions of copper sulphate and 1 form a line but expensive pigment, 
calcium nitrate, is used in viticulture (Gouthifere An anhydrous basic carbonate is precipitated 
et Cio and P. Ducancel, hr Pat. 395800, 1908) ' on addition of a solution of sodium caroonate 


Cupric sulphide CuS occurs as covchte or 
indigo copper in blue flexible plates, m Vesuvian 
lava, m Chile, and in the copper- mines of Mans- 
feld. It may be prepared by heating cuprous 
sulphide with sulphur at a temperature not 
above the boiling-point of sulphur ; by digesting ! 
cuprous sulphide with cold strong nitric acid ; 
or lay precipitating a copper solution with sulphu- 
retted hydrogon 4 f 68. On the large scale it 
is obtained as a paste by precipitating a solution 
of the sulphate with sodium sulphide. This paste ! 
* is used in calico printing for the development of J 
aniline black. 

The preparation and uso of copper sulphide 
for thermo-couples has been described (Eng. 
Pat. 11300, 1905). 

Rieder has used (Zeitsch. Elektrochem. 
1902, 370) an electrolytic method for the pre- 
paration of this compound. 

A brownish-red persulphide of copper has 
been obtained by Bodroux by adding a solution 
of calcium pentasulphide to a solution of copper 
acetate at 0° (Compt. rend. 130, 1397). 


to a hot solution of copper sulphate or nitrate. 
(Eor a complete description of all the known 
basic carbonates of copper, see Pickering, Chem. 
Soc. Proc. 1909, 188. C'f. Dunnicliff and Lai, 
Chem. Soc. Trans. 1918, 113, 718.) Commercial 
basic carbonates of copper differ considerably 
I in composition : the amount of carbon dioxide 
j present is below that required for malachite or 
azurite. A definite basic salt is known of the 
composition 2CuC0 3 ,5Cu(0H),. 

Under the names Verditer green, Ver liter blue, 
Bremen green , and Bremen blue, this salt is largely 
prepared for paper staining, &c. According 
to Habich (Technologists, 17, 413), the follow- 
ing processes are in use. A hundred parts 
of old copper sheathing from which impurities, 
oxide, &c., have been removed by digestion 
in dilute sulphuric acid, is cut into pieces and 
mixed with a paste formed by moistening a 
mixture of 99 parts potassium sulphate and 100 
parts common salt, and the mixture is stirred 
occasionally for some months to ensure thorough 
exposure to the atmosphere. The action appears 
to consist in the production of cupric chloride, 
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which, in presence of the metal, becomes con- 
verted into a basic ohloride, and finally, by the 
action of the oxygen, into an oxyohloride. If 
the oxidation be incomplete, the subchloride is 
not completely oxidised, and, as it, when subse- 
quently decomposed by alkali, gives an orange - 
red precipitate of suboxido, the pigment would 
be lowered in value. Tho oxychloride may also 
be similarly prepared from a mixture of 100 
parts copper, 60 parts common salt, and 30 parts 
strong sulphuric acid diluted with throe times 
its volume of water ; or by treatment, with free 
atmospheric exposure, of copper with a solution 
of cupric chloride in hydrochloric acid. 

To 100 kilos, of this thick magma of oxy- 
chloride, which has been washed by decantation, 
a concentrated solution containing 7 kilos, copper 
sulphate and 40 kilos, concentrated soda solution 
(32°-36°B6.) is added. Tho mixture iR vigo- 
rously stirred and poured at once into 150 kilos, 
of soda solution (20 D B6.). The precipitate is 
washed, passed through a fine hair sieve, and 
dried spontaneously or at a temperature below I 
25°. If hot air be used in the drying, it must 
be quite freo from acid or sulphur gases. To 
produce tho finest colour, desiccation must be 
perfect. 

Habich recommends the following process 
for making a vrrdilrr which has a very different 
composition from the above. A solution of 
copper oxide in nitric acid is treated with potas- 
sium carbonate, which is added in portions until 
most, but not all, the copper has been preci- 
pitated. The green precipitate is washed and 
introduced into a solution of coppor nitrate 
whereby it is converted into a heavy green in- 
soluble basic nitrate. I 1 his is digested in a 
solution of potassium zincate (formed by dis- 
solving zinc m caustic potash solution). A dark- 
blue pigment, of great ‘ body ’ but little weight, 
is thus produced. It contains zinc and copper, 
apparently combined as a double oxide or as 
‘ coppor zincate,’ and a small quantity of basic 
copper nitrate. 

Verditor may be prepared by agitating a 
solution of copper nitrate with chalk. The 
washed pasty precipitate is mixed with 8-10 p.c. 
of freshly burn t # lime with production of a fino 
velvety blue pigment. The precipitate without 
addition of lime is green. 

According to Gontelo, the following process 
is adopted at Bremen, Gassel, &e . ; 225 lbs. 
sea salt and 222 lbs. blue vitriol, both free 
from iron, are mixed dry and ground between 
millstones with water to a thick paste. This 
paste is mixed in strata with 225 lbs. of clean 
copperplate cut into pieces about 1 inch 
square, in wooden chests made without nails, 
and the mixture is digested for about 3 months 
with the maximum exposure to air, the whole 
being well mixed and exposed about once a 
week. When the action is complete, the un- 
dissolved metal is removed and the precipitate 
is washed with a minimum of water, filtered 
and thrown into a tub. To 180 lbs. of the 
magma 12 lbs. of hydrochloric acid (13°B6.) is 
added, and the mixture is stirred and left for 
24 or ,30 hours. Six volumes of this solution is 
mixed with 15 volumes of caustic, alkali (19°B6.) 
followed after an interval by 6 volumes of water. 
The mass is well mixed and left for 36-48 hours, 
and is then well washed by decantation, filtered, 


exposed for some time in a moist condition to 
the air, and finally dried ( v . also Copper mon- 
oxide). 

COPPER-GLANCE or Chaleo cite. Native 
cuprous sulphide Cu 2 S, crystallising in the 
orthorhombic system. Excellent twinned crys- 
tals were formerly found in abundance in the 
neighbourhood of Redruth in Cornwall (hence 
the name redruthite) and Bristol in Connecticut ; 
usually, however, the mineral is found as com- 
pact masses. It is iron-black with metallio 
lustre, but, on exposure to light, it soon becomes 
dull with a powdery black coating. It is soft 
(H. 2$) and seetflc, and can be readily cut 
with a knife ; sp.gr. 5'7. It occurs in veins of 
copper oro, and is often of importance as an ore, 
especially when it contains small amounts of 
silver. Isomorphous with copper-glance is the 
mineral Mromeyerite (Ag,Cu) 2 S, which has been 
found in considerable quantities in the Altai 
Mountains in Siberia. L. J. SL 

COPPER PAINT v. Copper. 

COPPER PYRITES or Chalcopyrlte. A buL 
phide of copper and iron CuFoS 2 , containing 
when pure 34 - 5 p c. of copper, and the moBfc 
important of the ores of copper. It has a 
characteristic brassy-yellow colour with metallic 
lustre, and on the surfaces often displays a 
brilliant iridescent tarnish ( peacock -copper- ore). 
It often occurs together with, and intimately 
intermixed with, iron pyrites, from which it can 
bo distinguished by its deeper colour and lower 
degree of hardness ; copper pyrites (H. 3-J — 4) is 
readily scratched with a knife, giving a greenish- 
black powder, whilst iron pyrites (H. 6-6$) is 
scratched only with difficulty or not at all. 
It occurs in mineral-vems and in bedded deposits, 
and by its alteration gives rise to many secondary 
copper minerals. Crystals are tetragonal with 
inclinod heimhedrisin, hut only rarely are they 
distinctly developed ; sp gr. 4*2. L. J. S. 
COPRA and COPRA OIL v. Coco-nut 

OTL. 

C0PR0LITES. Concretionary mixtures of 
calcium phosphate and calcium carbonate, de- 
rived from the excrements of certain extinct 
fishes and reptiles. Formerly much used in 
the manufacture of superphosphate of lime (v. 
Fertilizers). 

COPROSMA. The bark, and more especially 
tho roots, of the C. gran diflora, C. livariifdia , 
and C. arcolata, which belong to the natural 
family of the Eubiacw, and are widely distri- 
buted in «New Zealand, possess tinctorial pro- 
perty (Aston, New Zealand, J. Sci. Tech. 19lfc, 
1, 3), and being related to madder probably 
contain cithor alizarin itself or an allied 
colouring matter. Thus an alcoholic extract 
of the C. grnndiflora is coloured purple by alkali, 
and becomes yellow on addition of acid. From ( 
the acid solution, by means of ether, an orange- 
yellow crystalline substance can be isolated in 
small e^nount. A. G. P. 

COPYING or INDELIBLE INK PENCILS. 
Unliko iron-gall copying-inks, which will only 
yield good copies for a relatively short time 
after writing, solutions of aniline dyestuffs 
produce writing from which copies may be 
taken at any subsequent period. In copying- 
ink pencils the aniline dyestuff, usually methyl 
violet, is incorporated with graphite, kaolin 
clay or other basic material. The preparation 
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o! pigments for this purpose was claimed by 
Petit (Eng. Pat. 4090 of 1874), and their com- 
position was first described by Viedt (Dingl. 
poly. J. 1875, 216, 96). At the present time 
these pencils are seldom employed for copying 
purposes, and their chief use is as a substitute 
for ink, since they produce a writing which cannot 
be erased so readily as the marks of a lead pencil. 
Hence they art; frequently described as indelible 
poncils, although the description is only rela- 
tively correct. Lehner (Ink Manufacture, 1902, 
p. 125) gives the composition of four kinds of 
these pencils made by Faber in Bavaria. The 
aniline dyostufi ranged from 25 ’5 to 50 p c , 
graphite from 24*5 to 37’5 p.e., and kaolin clay 
from 1 2*5 to 50 p.e 

Specimens of those pencils examined by 
Mitchell (Analyst, 1917, 42, 1) had the following 
composition : — 


Otigin 

' I 

! Mota- ; 

| line I 

1 ! 

1 

IlChidiic 
lllftlll. ill 
water or 
alcohol , 

I 

Loss on ' 
■ •'11111011 1 
Dycstutl (gra- 1 
phlle, , 
*<• ) , 

Ash 

(kaolin, 

Ac.) 
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Pigments used in copying-ink pencils may j 
bo classified into four mam group -viz. (1) 
those composed of graphite and dyestuff only ; | 
(2) those in which the dyestuff lias been in- 
corporated with approximately equal propor- 
tions of kaolin and graphite . (3) those in wlinli 
the kaolin is largely in excess ; and (4) those m 
which the graphite predominates. The dyestufl 
is usually methyl Violet, but eopying-mk pencils 
in which red or blue aniline dyes arc used are 
also sold. 

The copying properties depend not only on 
the proportion of the dyestuff, but also on the 
influence of the basic material. Pencils in 
which a large proportion of alumina is present 
yield only faint copies, even when the pigment 
contains a large amount of the dyestuff. 
Although methyl violet is usually regarded as 
a very fugitive dyestuff, experiments have 
shown that under certain conditions the writing 
done with these pencils is more permanent 
*than writing done with ordinary ink. 

C A. M. 

CORAL is the calcareous substance secreted 
by many varieties of five kinds of organisms, 
viz. (1) Actinozoa, the principal constituents of 
coral reefs ; (2) Hydrozm, the large common 
corals known as millopores ; (3) Jlryozoa, 

delicate corals in various forms, resembling 
mosses, branches, thin filamentary deposits, or 
more solid masses (in the Palaeozoic limestone 
formations this speoies of coral abounds) ; (4) 
Fomminifera , chambered shells belonging to 


lowly organisms, mostly of very minute size ; 
(5) NnUiporcs, which, although closely resembling 
millepores, are veritable algse or sea- weeds ; 
they may be readily distinguished from the 
millepores by the absence of perforations. 

Coral is simply a secretion corresponding to 
the bone of vertebrates or the shell of mollusca, 
and is composed almost entirely of calcium car- 
bonate derived from sea- water and from the 
food of the coral-making polyps. 

Ordinary coral is somewhat harder than 
limestone or marble, and, when tapped with the 
hammer, gives out a ringing sound clearer than 
is elicited from oidmary calcium carbonate. The 
spgr. of 15 specimens examined by Silhman, 
averaged 2*523 


Composition of Coral 
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The red coral. 

('ornll mm, 

rubntm. 

varies in 


colour from crimson to rose, the lattor being 
the rarest and, therefore, the most prized. It is 
gathered from the rocky bottom and shores of 
j the Mediterranean ; and it occurs most abun- 
| dantly at a depth of 25-50 feet ; although, 
according to Dana, it may lie found as deep as 
1000 feet. Forchhammer found 2 1 p.e. mag- 
nesia in Coralhum rvbrum , and 6*36 in Isis 
fnjijnms. According to Trommsdorff, the red 
pigment of coral is a resin soluble^in oil of 
turpentine, and, after removal from the coral by 
this solvent, is easily soluble in alcohol and 
ether, but insoluble in caustic potash. In a red 
madrepore, Vauquelin found a red colouring 
matter, which was turned violet by alkalis. 
Moseley has described in some corals and allied 
organisms a red colouring matter ( Poly porphyrin ) 
•which is insoluble in water, glycerol, alcohol, 
ether, and in strong solutions oi ammonia and 
potash. It iH soluble in moderately strong sul- 
phuric, nitric, or hydrochloric acids. For the 
formation and distribution of ooral and coral- 
reefs, &c. v. Corals and Coral Islands, J. D. Dana ; 
Coral-Reefs, Darwin ; Murray, in Proc. Roy. Soc. 
Edinb. 1880, 505. See also Forchhammer, 
J. Pharm. Chim. 49, 52 ; J. 1847, 1291 ; 1849, 
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813; 1851,863; 1852,958*961; Sharpies, U . ; 
Moseley, Quart. Joum. Microscop. Sci. xvii. 
187? ; also Max Bauer, Edelstoinkunde, 2nd ed. 
1909, Eng. trans. Precious Stones, L. J. 
Spencer, 1904. 

It is now known that the materials con- 
stituting coral-reefs sometimes undergo remark- 
able chemical changes, and that the calcium 
carbonate is largely replaced by magnesium 
carbonato or calcium phosphate. In 1846 
J. 1). Dana and B. Silliman showed that the 
rock of an upraised coral-reef in the Pacific 
contained as ipuch as 38 p.c. of magnesium 
carbonate. The deep boring made m the 
Atoll of Funafuti in 1897-8, yielded a series 
of cores, of which a chemical examination was 
made by E. W. Skeats and Hart Smith m 
the laboratories of the Royal College of Science. 
It was found that down to the depth of 
637 feet dolonutization had only gone on to a 
small extent, the proportion of magnesium 
earbonate never exceeding 16 p c. ; but the 
lower portions of the core were very rich in the 
magnesium salt, containing from 30 to 43 pc., 
the rock thus becoming almost a true dolomite 
A largo collection of coral limestones obtained 
by Alex. Agassiz, flora reefs in the Paeiiie, 
was subsequently examined by Skeats, who 
showed that they contained varying amounts 
of magnesium carbonate up to nearly 42 p c. 
Specimens from Christmas Island in the Indian 
Ocean gave similar varying results, percent- 
ages of magnesium carbonate up to ovei 43 p.c 
being found. A coral limestone obtained by 
boring at Key West, Florida, yielded to 0. 
Stioger, m the laboratories ot the U.S. (Geological 
Survey, over 14 p.c. of magnesium carbonate. 

Coral reefs that have been covered by deposits 
of guano are found to luvvo their carbonates 
largely replaced by phosphates. Thus the rocks 
of the coral reef known as Christmas Island in 
the Indian Ocean have been largely worked 
for tho deposits of calcium phosphate, and 
Toall has shown that Clipperton Atoll in the 
North Pacific contains rocks with as much as 
381 p.c. of phosphoric acid 

(For changes in the chemical composition of 
coral rock, see Dana and Silliman, Amor. J. Sci. 
2, i. 1846, 189; Judd, Chemical Examination 
of Materials from Funafuti m ‘ the Atoll of 
Funafuti,’ Phil. Trans 1904, 362-389 ; Skeats. 
The Chemical Composition of Limestones from 
Upraised Coral Islands, Bull. Mus. Comp. Zook 
Harvard, xhi. 1903, 53-126 ; Teall, Quart. Joum. 
Geol. Soc. Jiv. 1898, 230-232.) 

C0RALLIN, CORALLINPHTHALIN. PHE- 
N0LC0RALLIN v. Aurtn. 

CORDIALS and LIQUEURS are spirituous 
compounds flavoured with essences obtained 
from fruits, herbs, spices, or other substances, 
usually sweetened with sugar or glycerol, and 
often Btrongly coloured. They are manu 
faefcured and used to a much greater extent in 
"France and other European countries than ki 
the United Kingdom, and although there is no 
essential difference between them, the term 

* cordials ’ is by many restricted to British, and 

* liqueurs ’ to the foreign preparations. 

The spirit in the best qualities of liqueur is 
derived from the grape, but grain and olhor 
spirit is frequently employed, especially in 
cordials ; but, whatever the origin of the spirit, 


it should be highly reotified and neutral in 
character, so as not to impair the flavour of the 
finished product. The alcoholic strength of 
cordials and liqueurs varies greatly, but, on the 
average, they contain from 30 to 40 p.c. of 
alcohol, or 50 to 70 p.c. of proof spirit The sugar 
must be pure, and is added in the form of a 
clear syrup. 

'The principal flavouring ingredients em- 
ployed are (a) those used solely on account of 
their essential oils, as aniseed, bitter almonds, 
caraway, jumper berries, mint, lemon-peel, 
orange blossom, &c ; (b) those valued for 

their bitter principles as well as their essential 
oils, as cinnamon, cloves, cura^oa apples (a 
kind of orange), gentian, ginger, orange-peel, 
sweet calamus, wormwood, vanilla, &c. ; and 
(r) fruits, chiefly eheines, pineapples, rasp- 
berries, and strawberries. The flavourings are 
obtained either by digesting the flavouring 
ingredients (bruised or cut up) with alcohol and 
distilling the mixture to obtain an esseiTce,* or 
by filtering the alcoholic extract to form a 
tincture, or by simply expressing and clearing 
the juice of fruits or digesting tho latter for a 
more or less prolonged period in spirit. 

Artificial essences simulating the above 
flavourings are frequently employed, but their 
use in beverages is questionable, since it seems 
probable that, their physiological action differs 
from that of the natural flavouring substances 
which they are intended to imitate. 

The colnunng matters most commonly used 
are as follows lied, aniline red, brazilwood, 
cochineal, cudbear, and sandalwood ; yellow, 
saffron and turmeric ; blur, indigo ; green , 
chlorophyll (from nettles, parsley, spinach, &c.) 
and mixtures of blue and yellow colourings ; 
violet, aniline violet ; and htomi, a solution 
of burnt sugar or caramel (v. Liqueurs). 

J. C. 

CORDIERITE v. Iolite. 

CORDITE v. Explosives. 

CORDYLITE (or Barium-parisite). Carbo- 
nate and fluoride of cerium -metals and barium 
((leF) 2 Ba(( 1 0,) l , containing O 2 0 3 , 23’72, and 
(La,Di),O t . 25*67 p.c. It occurs as small, palp 
wax-yellow, club-shaped hexagonal crystals in 
syenite-pegmatite at. Narsarsuk near * Juliane- 
haab in south Greenland; sp.gr. 4*31. It ia 
isomorphous with, and closely related to, parisite. 

L. J. 8. 

C0REINE v Oxazine colouring matters. 

CORIANDER FRUIT, Coriandri fruciw, 
B.P. The dried ripo fruit of Cor land rum 
mtimm (Linn.). 

CORIANDER, OIL OF, v, Oils, Essential, 

CORIARIA MYRTIFOLIA v. Sumach. 

CORINDITE. A refractory and abrasive 
substance obtained by heating a mixturo of 
bauxite and anthracite in a cupola fumadH 
Aluminium carbide is first formed and is ulti- 
matqjy transformed into a vesicular fused mass 
of crystalline alumina of high melting-point, 
low thermal expansibility, ami great hardness, 
suitable for the manufacture of firo bricks for 
rotary cement kilns, gas and heavy oil ovens, 
coke ovens, &c. 

CORIOFLAVINE v. Acridine dyestuffs. 

CORIOPHOSPHINES v. Acridine dyestuffs. 

CORK. Cork is derived from the bark of 
two evergreen species of oak tree, the cork oak, 
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Qucrcus svher (Linn.) and Q. occidentals (Gay). 
The former yields the beat cork, and grows mostly 
in those countries bordering on the Mediter- 
ranean up to the 45° lat. The latter occurs on 
the Atlantic seaboard of Portugal, Spain, and 
France up to 48° lat. 

Tho corlc tree is from 30 to 60 feet high, and 
3-4 feet thick. It grows slowly and reaches 
tho age of 150-200 years. The tree has the 
peculiarity of throwing off its outer bark when I 
it roaches- a certain age, and then reproducing 
it. It is this that makes the cork industry 
possible. The chief countries in which cork is 
produced are : 

1. Spam. Particularly the province of 
Catalonia. Here tho best cork is grown. 
Seville is the chief market. 

2. Portugal Centres : Lisbon and Oporto. 

3. Algeria, here the coik trees form groat 
forests ; those belonging to the State were 
some years ago fully 600,000 acres in extent 

4 'Southern Franco and the Pyrcnexm dint net. 
Large forests of Q. suhrr exist in the more moun- 
tainous parts, but in the low-lying 1 Landes ’ 
the tree is Q. occidentals, which grows as far 
north as Belle Isle. 

5. Tho, Adriatic, coast. Rome is produced in 
tho Austrian provinces, but. it is of inferior 
quality. 

6. Sicily , Sardinia, a.nd Cornea also yield 


black, but of late years it has been employed 
in the manufacture of ground cork. 

During the first year of growth the tree 
produces from 3 to 5 mm. of cork, but after- 
wards less, the mean for the first 9 years being 
about 2d-3 mm., giving a total thickness of- 
20 1 mm. After 9 or 10 years, when barking 
usually occurs, the growth is slower, but where 
thicker cork is required, the period is of course 
longer. The first stripping usually takes place 
on tho 15 20 year-old tree. The best cork is 
yielded by trees of from 50 to 100 years old. 
Those growing in tho mountainous districts 
yield a smaller quantity but better quality of 
cork. 

After the cork bark lias been removed from 
tho tree, it is stacked and weighted with heavy 
stones to flatten it, and when dry it is scraped 
with an iron tool to remove the epidermis 'Hie 
cork is then immersed for 5 or 6 minutes in a 
tank of boiling water, when it swells, and, 
according to the quality, retains tins swelling 
more or less permanently. The water also 
removes tannin, vegetable acids, and their 
salts. In Spain the cork is occasionally passed 
through a fire, whereby it is suporlieially 
blackened, acquiring, it is supposed, by this 
.treatment especially good qualities or ‘ nerve.’ 

After steeping, the plates arc placed m heaps, 
weighted, and by hydraulic presses compressed 


cork of good quality. 

For an account of tho cork industry m 
Sardinia, sec J (them Roe Ind. 1919, 38, 352 R. 
From IT.S. Pom. Rep duly 25, 1919. 

Rpoaking generally, the cork tree sceniH to 
thrive best on dry granitic and sandy soils, 
and not to do well in damp or limestone soils 

The complete bark of the cork tree consists 
of two layers : 

(1) The dry dead bark, comprising the 
epidermis and the cork proper, with the meso- 
derm is. 

(2) The green living skin which clothes the 
wood immediately under tho dry bark. This 
may be looked upon as the active cork -producing 
layer, and contains bast fibres and the undo- 
derm is. 

The epidermis o^ one -year-old twigs is green 
and smooth, but in the second year between it 
and the green undor-skm irregular white waxy 
masses are formed ; these represent the begin- 
ning of the cork formation and increase from 
year to year, changing gradually into cork 

S ir. At. the end of the third ypar the 
rmis dries up and cracks. 

Barking the trees. ’This is the most, im- 
portant. operation m the management of a cork 
forest,, because on tho cure with winch it is 
carried out depends the life of the trees and the 
regularity of the slabs produced. 

. In barking, the workman takes a special 
tool and makes a cut round tho stem above and 
lielow the portion of bark to bo removed. A 
vortical cut or cuts are made so that, the/' bark 
may be stripped off the free, m which operation 
the shaft of the tool is used as a lever. Care 
must be taken not to bruise the green underskm, 
the real producer of tho cork. 

The first barking produces so-called ‘ virgin 
cork,’ which is of little value, as it has not 
elasticity enough for use as bottle corks. It was 
formerly used for the production of Spanish 


I into bales and hound with hoop iron. 

Chemistry of cork. Cork extracted with hot 
water under pressure, yields gallic acid, colouring 
matters, iron and magnesium salts By extrac- 
tion with alcohol it yields 1 conn, 1 or cork wax 
0 32 H. Riewort examined the alcoholic extract 
and isolated from it ‘ decaerylic acid ’ C 1() 11 1R 0 2 . 

The composition of cork has been further 
studied by Kuglcr (Arch, l’harm. 1884, 217); 
Gilson {ibid. 1890, 690) ; and liy. Ingle (J. Roe. 
Chem. Ind. 1904, 1197). 

S'ubcrtve, acconhng to Kiigler, is a real fat, 
which cannot be entirely extracted by solvents, 
because they do not penetrate the material 
sufficiently. 

Gilson saponified cork from Q svher with 
3 p.e. alcoholic potash, and isolated from the 
filtrate 44 p.e. of fatty acids, consisting of : 
Phollonic acid C 22 H s2 0 2 , m.p. 95' -96°, a mono- 
basic acid giving a violet colour with zinc 
chloride-iodine solution ; yield 8 p.e. Subcnnic 
acid C 17 H 30 O„ a semi-fluid sticky substance ; 
36 p.e. Phloiornc acid (! 22 H 40 O 7 : fino white 
noodles, m.p. 120°-121° ; m small amount. 

Gilson considers suberine not, to be a truo 
fat, but rather a mixture of complex esters and 
possibly condensation products of different acids. 

Treated with iodine solutions cork does not 
give the cellulose reaction, and there is some 
dispute as to whether cellulose or a pentosan is 
the carbohydrate present in cork. Gilson, from 
microscopic examination, considers that cellulose 
is present,. 

.. Cork also contains certain aromatic com- 
pounds, tannin and tho aromatic aldehyde of 
wood, hadromal, besides coniform and vanillin. 

Treated with strong nitrio acid, cork pro- 
duces suberic acid (CR 2 ) 8 (OOOH) 2 , oxalic acid, 
and other products. Rtrong sulphuric acid chars 
it, but it is little affectedly hydrochloric acid. 
Chlorine, bromine, and iodine cause cork to 
' shrink, the two former first bleaching it. Ignited 
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it bums, swells up, and forms a charcoal called 
Spanish black. 

Physical properties. — The sp.gr. of cork is 
variously given from 0'12 (Rollmann) to 0‘24 
(Muschenbroek) ; on the average 0‘lfi. 

The uses of cork depend on its compressibility, 
elasticity, unperviousness to liquids, its lightness, 
its stability to weathering, &c. Jt is used in 
making stoppers, mats, solos, linings, springs for 
heavy waggons, as anti-vibratory and sound- 
deadening materials. 

Waste cork is granulated by suitable ma- 
chinery, sifted, and then ground to powder. 
Tho finest dust is mainly used m the manu- 
facture of linoleum. Slightly coarser cork is 
usod for tho manufacture of cork carpet, but in 
both cases the binding material is prepared 
linseed oil. 

Still coarser cork, of the size of peas, mixed 
with a proportion of linc,is employed mtho manu- 
facture of mats, insulating materials for water 
and steam pipes and cold storage chambers, 
packing, artificial corks for bottles, &e 

In order to bind the particles of cork togethei 
are employed (1) collodion ; used for hath mats 
and stoppers. The granulated cork of various 
grades in suitable proportions is mixed will) the 
solution and the pasty mass pressed into, 
perforated moulds ; these are then heated in a 
suitable chamber provided with a condensing 
appliance to recover the solvents, ether 
and alcohol. ‘ Si i bento’ belongs to tins class 
Tho mat is removed from the mould and 
1 buffed ’ (sand-papered) on a bulling machine 
similar to that used by cabinet makers. Cork 
stoppers are made m a similar manner, and also 
insulating slabs and tubes for covering steam j 
and water pipes. I 

(2) Gluten casein, and glue mixed with : 
oily materials and resins and dissolved m ! 
suitable solvents, after mixing with the cork I 
(rendered more or less insoluble by means of | 
formalin, tannin, dichromntes, lime, &c.). have i 
also been used and patented for the production | 
of cork slabs, &<•., from granulated eoik , 
The cork of various degrees of lineness is mixed 1 
with tho cement, subjected to powerful hydrau- ! 
he pressure m moulds, and m some eases heated j 
up to 200° to harden tho albuminous matters of i 
tho cement. 

(3) Mixtures of cork with silicate of soda 
and barytes or other pigment have been used 
for steam-pipe coverings 

Slabs of cork have also been made by soak mg 
cork in soap solutions, then drying, treating 
with milk of lime, again drying and pressing the 
resultant mass into heated moulds. 

Another use for cork waste, more or less 
finely ground, is in the production of floors In 
this operation ground cork is mixed with a 
cement, such as Portland cement, or more often | 
a mixture of cork and calcined magnesia is 1 
mixed with a solution of magnesium rhlorido 
and the pasty mass spread on tho floor and. 
allowed to harden ; other salts, such as lead 
acetate, are sometimes added. 

Cork dust is also used as a packing for the 
hollow spaces between the walls of cold-storage 
chambers, round the pipes of ieo plants, &o., 
no binding materials being employed. Mixed 
with pitch, granulated cork is used as tho 
filling between the outer and inner soles of boots, 
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especially American. It forms a warm, water- 
proof and resilient layer. 

Granulated cork of various degrees of fineness 
is also mixed with the paint used to coat iron 
surfaces whore there is danger of the condensa- 
tion of moisture, such as in tho cabins of steamers, 
in breweries, factories, laundries, and the liko. 

Hy. I. 

CORNISH CLAY v. Clay. 

CORNISH STONE v. Clay and China stone. 
CORN OIL v Maize on,. * 

CORNUTINE v Ergot 

CORONITE. An explosive consisting of 
nitroglycerine, 38-40 parts; mtro-cotton, 1 -1 \ 
parts ; ammonium nitrate, 26-28 parts ; 
potassium nitrate, 3-5 parts ; aluminium stear- 
ate, 11-14 parts, rye flour, 8-11 parts; wood 
meal, 2-4 parts; liquid parallin, 2-4 parts (v. 
Explosives) 

C0R0Z0. Vegetable ivory. The seeds of 
Phytclcphas mac wear pa 

CORROSION OF METALS. By the term ‘cor- 
rosion ’ is generally understood the disintegration 
of a metal through oxidation Usually a skin of 
oxide is formed which more or less protects the 
underlying metal from attack. Copper, zinc, 
lead and aluminium are cases in point. Iron, 1 
on the other hand, is exceptional, m that, when 
oxidised by exposure to ordinniy atmospheric 
influences, a pulverulent, hygioscopie mass of 
oxide, known familiarly as mst, is produced, 
which not only fails to protect the underlying 
metal, but actually accelerates further corrosion. 
Foi this reason, and also because iron is of such 
enormous commercial importance, the various 
problems associated with the corrosion of iron 
have received wide consideration and been made 
the subject of numerous researches ; only in very 
recent years have* systematic attempts been 
made to investigate the corrosivity of the other 
commercial metals. 

Corrosion of iron. Tt is impossible hero to 
review or discuss the voluminous literature which 
has appeared on the subject during recent yearn, 
and lor particulars, including bibliography, the 
reader is referred to Friend’s Corrosion of Iron 
and Stool (Longmans and Co , Mill), and to The 
Corrosion and Preservation of Iron and Steel, by 
Cushman and Gardner (McGraw-Hill Book Co., 
New York, 1910). Jt will sullice here to give a 
short account of the questions at issue. 

Condi! town essential to the conosion of iron. — 
Before passing on to consider the various theories 
that bane been offered to account, for the 
mechanism of corrosion, it is important to hflve 
a clear conception of a few of the fundamental 
facts. These may he briefly summarised as 
follows 

1. Liquid water, alone, both at ordinary 
temperatures and at the boiling-point, is without 
a.ny appreciable action upon iron. In the course 
of time the metal frequently becomes very 
slightly tarnished, but no trace of rust-formation 
j can be detected. 

i 2. Water vapour is without visible action 
upon iron at ordinary temperatures upwards to 
about 300°G. At 350°C., and somewhat above, 
tarnishing occurs owing to a superficial layer of 
j ferrous oxide being produced. At still higher 

» Tho word ‘ Iron ’ is, both here and In tho Requel, 
used In Its broadest sense to cover wrought iron, steel, 
and cast Iron. 
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temperatures a protective layer of ferroso-ferric 
oxide is produced, which, however, is not rust. 

3. Dry air or oxygen has no visible action 
upon iron at ordinary temperatures. It is not 
until the motal is raised to about 220°C. that 
a pale yellow tint is acquired, which, as the 
temperature rises, becomes successively straw- 
coloured, purple, and finally blue. These ‘ tem- 
pering ’ colours, as they are termed, are duo to 
the formation of thin layers of oxide, and are 
consequently not produced m vncu6 (Roberts, 
Trans. Inst. Mcch. ling 1881, p. 710), but are 
produced in perfectly dry air, such as that 
obtained by prolonged desiccation over phos- 
phorus pcntoxide (Friend, J. Iron Steel Inst. 
1909,ii. 172). 

4. A mixture of water vapour and air is 
without action on iron at ordinary temperatures. 
This was demonstrated by Dunstan and his co- 
workers (Trans, Chem. Soc 1905, 87, 1548), who 
further showed that if, under the above condi- 
tions^ liquid water is allowed to condense on the 
surface of the metal corrosion proceeds rapidly 

From the foregoing it is evident that the 
rusting of iron is not an example of direct aerial 
oxidation, hut that the presence of both liquid 
water and air or oxygen is essential. 

. Theories of rusting . — Now although all 
ordinary irons readily corrode when exposed 
to the combined action of distilled or natural 
waters and air, it is of considerable academic 
importance to inquire whether or not a pure 
specimen of iron will corrode 1 when exposed to 
perfectly pure air and water. In 1888 Crum I 
Brown (J. Iron Steel Inst. 1888, n. 129) sum- 
marised briefly the most important facts then I 
recorded on the corrosion of iron and supported, 
though he did not originate, the then current 
idea that the action is primarily the result of 
acid attack — the acid, in most cases of aerial 
oxidation, being carbonic. According to this 
theory the metal is first attacked by dissolved 
carbon dioxide (carbonic acid) giving ferrous 
carbonate, or bicarbonate, and hydrogen The 
ferrous salt is then oxidised by atmospheric 
oxygen, and the basic ferric carbonate potenti- 
ally formed is, in presence of water, converted 
into hydrated ferric oxide (rust). As the 
carbon dioxide is thus wholly eliminated at the 
end of the cycle, it may he supposed to renew 
its attack on the iron. 

This theory received vigorous support from 
Moody, who proved by a very ingenious experi- 
ment (Froc. Chem. Noe. 1907, 23, 84) Jlmt rust 
is termed by the action of oxygen upon iron in 
solution and not by its action upon the metal 
itself. In other words, the rusting of iron is 
preceded by its solution. Moody further 
satisfied himself, as the result, of a careful series 
of experiments (Trans, ('hem. Soe. 1900, 89, 
720), that water and oxygen alone are quite 
insufficient to induce rusting. In experiments 
where iron had remained bright for many weeks 
in contact with pure air and water, the intro- 
duction of a minute quantity of carbon dioxide 
at once determined rusting. The experiments 
of Friend (J. Iron and Steel Inst. 1908, n. 10 ; 
Proc. Chem. Soc. 1910, 20, 179) led to the 
same conclusion. 

On the other hand, Whitney, in 1903 (J. Amor. 
Chem. Soc. 26, 394), applying modem electro- 
chemical theory to the process, expounded the 


diametrically opposite view that water and 
air alone Buffice to establish rusting. Accord- 
ing to modem views, the action of an acid on 
a metal is ascribed to an exchange of electric 
charges between the hydrogen ions of the acid 
and the electrically neutral atoms of the metal, 
the hydrogen being deposited on the metal in 
the molecular state, and the metal atomB 
passing into the solution as metal ions. In- 
asmuch as pure water is regarded as being 
to some small extent ionised into hydrogen 
ions and hydroxyl ions, it is to that extent, 
electrochemical ly speaking, an arid, and when 
iron is immersed m it, there should be a 
deposition of hydrogen on the iron and an 
equivalent formation of iron ions. The water 
round the mm now contains ferrous ions and 
hydroxyl ions, or in other words, is a dilute 
solution of ferrous hydroxide. If oxygen lias 
access to the ferrous hydroxide solution, hydrated 
ferric oxule will he formed and deposited as rust. 

| Sueli in outhno is Whitney’s theory, apart 
from the detailed application of Nernst’s theory 
i of electrolytic solution pressure, which he also 
introduces, The explanation just given for the 
action of pure water on pure and physically homo- 
geneous iron, involves the deposition of hydrogen 
as a him of gas on the immersed portion of the 
metal. As this film would prevent further 
contact between the metal and the water, it is 
supposed that it slowly dissolves in the water and 
escapes by diffusion, or is oxidised by the dis- 
solved oxygen, so enabling the action to continue. 
This theory received considerable support from 
W. II. Walker and his co-workers (.f. Amor. 
Chem. Noe 1907, 29, 1251), who concluded that 
they had ‘ substantiated the work of Whitney, 

, and shown that iron does dissolve in pure water 
! in the absence of carbon dioxide anu oxygen.’ 

Dunstan, Jowe.tt, and Moulding (Trans. 
Chem. Noe. 1905, 87, 1548). 

It. may he added, in passing, that the 
names of Cushman (The Corrosion of Iron, 
Bulletin No. 30, U.S. Dept of Agric. 1907), 
Tilden (Trans. Chem. Soc. 1908, 93, 1358), and 
of ileyn a.nd Bauer (Mitt. Kdmgl. Matenal- 
priifungsamt, 1908, 20), must he added to thoso 
who behove that iron will corrode in the preRence 
of pure water and oxygen. 

Nearly all the experiments just referred to 
were earned out with iron of ordinary com- 
mercial purity. This circumstance made it 
possible for supporters of the ‘ acid theory ’ to 
asgrihe the rusting in absence of carbonic acid, 
to the prosenco of acidic substances generated 
from impurities in the iron itself. Lambert and 
Thomson (Trans. Chem. Soe. 1910, 97 , 2426) 
found that carefully purified iron remained un- 
changed when exposed for several months to 
purified air and water. Any specimen of com- 
mercial iron, or of iron prepared with fewer 
precautions than the immune sample, rusted 
quite readily in the same circumstances. From 
•their experiments, the authors concluded that 
wliilst pure iron will not rust in pure air and 
pure water, iron will do so if it contains only a 
small amount of impurity, even if the impurity is 
noither acid in itsolf nor likely to give rise to acid. 

From the foregoing it is evident that opinions 
widely differ as to tho chemistry of corrosion. 
Academically, therefore, the problem still awaits 
solution. In actual commercial practice, however, 
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since neither water, air nor iron itself, is 
ever quite pure, it may be safely postulated that 
corrosion will result whenever these three are 
brought into contact. 

The Mechanism of Corrosion . — Aitchison (J. 
Iron and Steel Inst., 1910, T., 77) has outlined 
an attractive theory according to which, in the 
case of a perfectly annealed specimen of pure 
iron, a difference of potential exists between 
the crystals of ferrite and the amorphous, intcr- 
erystalline material, thereby leading to corrosion. 
Any potential difference between the crystal 
grains themselves, due to strain, m a less 
perfectly annealed specimen will add to this 
effect, tin total corrosion being the sum of the 
two actions. In the case of iron containing 
carbide the main differences of potential will lie 
between the carbide and ferrite, the latter 
functioning anodically and .oxidising away. 
7’ he caso of steels containing alloying metals is 
interesting. .Potential difference, exists between j 
the carb'de and solid solution, the latter acting 
as anode. If the alloying element is associated 
entirely with the carbides, as in the ease of 
small quantities of W, V, and Mo, they do not 
decrease corrosion. Ni, on the other hand, 
enters the solid solution, reducing its solution 
ressuro and hence the potential diffeience 
etween it and the carbide, thus hindering 
corrosion. 

The ferroxyl indicator The study of the 
susceptibility of iron to rust., and especially of 
tho localisation of susceptibility, lias been aided 
considerably by a device due to Cushman (l r. 
and J. Iron and Steel Inst. 1909, I. 93) and 
Walker (J. Amer. Chem. Sue. 1907, 29, 1257) 
The iron to be studied is fixed m a jelly made of 
agar-agar, m which small quantities of phenol - 
phthalcin and potassium fomeyamdo have been 
incorporated. Wherever the iron is being 
at Choked, blue ferrous femeyanide (Turnbull’s 
blue) appears, whilst the second electrode in the 
circuit declares itself by the pink colour deve- 
loped from the phenol-phthalem. The pink 
colour indicates the presence of hydroxyl ions. 

The chemical nature of rust.- -Rust- is a 
pul^orulont, hygroscopic mass, ranging in colour 
from brown to red, and consisting of iron 
oxidised more* or less completely to hydrated 
ferric oxide. As a rule, the browner the rust I 
the greater is the extent of hydration. Some 
ferrous oxide is generally present also, partieu- j 
larly if the original metal has not been completely 
oxidised away. This ferrous oxide has a blackish 
appearance and may be found in the innermost 
layers close to the metal (.see analyses by Moody, 
Trans. Chem. Hoc. 1909, 89, 729 ; Tilden, ibid. 
1908, 93, 1358; Gaines, Chem. News, 1910, 101, 
205; Steel, J. Soc. Chem. Ind. 1910, 29, 1141, 
&c.). Rust also contains free water in addition 
to that chemically combined with it, and it 
readily absorbs carbon dioxide from the air. 
These two properties serve to render it an active 
stimulator of corrosion, for the carbon dioxid* 
dissolves in the moisture yielding carbonic acid. 
This attacks a portion of the iron converting it 
into ferrous carWiato, which in turn is oxidised 
by the air to rust. The liberated carbon dioxide 
is now free to attack further portions of iron in 
a similar manner. 

Oraphitisation is a form of corrosion to which 
oast iron is particularly liable, the mass beoom- 


OF METALS . 1 ■ 

ing so soft as to be readily cut with a knife. The 
metallic iron is more or less completely oxidised, 
mainly to ferrous oxide. Frequently portions 
of this latter have been washed or dissolved 
away, the remainder collecting within the pores 
of the now isolated mass of graphite. Examples 
are afforded by Berzelius (Traits de Chimfe, 
1831, vol. iii.), Rennie (Min. Proc. Inst. Civil 
Eng. 1845, 4, 323), Draper (Chem. News, 1887, 
59, 251), IjC Naour (J. Iron Steel Inst. 1898, I. 
529), II olgate (Gas World, 1913, 58, 479), and 
others. Of these Berzelius drew attention to 
the cast-iron cannon balls raised at Karlskrona 
from a Bhip that had been sunk fifty years 
previously. They had been converted into a 
soft, porous masR which spontaneously hoated 
upon exposure to air. Rennie mentions the case 
of cast-mm guns reclaimed from the sea in 1822, 
off Holyhead, after an immersion of about 100 
years. When brought out of the water they , 
wore quite soft, but. upon exposure to the air, 
they hardened to such an extent that thcjfwqre 
used to fire salutes when King George IV. passed 
through Holyhead on his way to Dublin. It 
was observed that these old guns gave louder 
reports than any others. As a rule, this kind of 
corrosion does not take place with the purer 
forms of commercial iron, although a few eases 
of similar softening are on record where wrought 
iron has been subjected to prolonged immersion 
m sea water (Lidy, Engineering News, 1897, 39, 
85). The percentage of carbon m such cases is, 
of course, much less than with east iron, but is 
frequently much higher than the normal in 
consequence of the solution and removal of 
some of the iron. 

Influence of dissolved substances on rusting. 
The effect of dissolved salts in the water has 
received great attention in both the laboratory 
and industrial study of rusting. 

As a general rule, a dissolved salt might bo 
expected to stimulate corrosion by increasing 
the conductivity of the water, if the substance 
gives an acid solution this action will be all the 
more marked. ( )n the other hand, concentrated 
salt solutions do not dissolve oxygen to the same 
extent as pure water, so that if the metal is 
completely immersed, retardation of rusting 
might be expected on this account. Tho above 
conclusions are borne out by the experimental 
work which has Wen done Acids and am- 
monium salts stimulate corrosion very con- 
siderably ; sodium chloride stimulates in diluto 
solution* and retards in concentrated solutions. 
Generally speaking, as the concentration is 
increased the corrosivity increases to a maxi- 
mum (critical concentration), and then, unless 
interrupted by saturation of the solution, falls 
practically to zero (limiting concentration). 
The limiting concentration in certain cases is 
found to have an extremely low value, e.g. in 
alkaline solutions and in chromates and di- 
chroqjates. Chromates and dichromates, and 
other oxidising agents are known to render iron 
passive, and Dunstan and Hill (l.c.) have shown 
that alkalis also produce passivity, so that the 
effects may all be due to this cause. In any 
case there is no doubt that above a small con- 
centration, many substances, such as potassium 
and sodium carbonates, permanganates, iodates, 
chromates, and dichromates, borax, &c., will 
prevent rusting entirely. This property of 
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the chromates is beginning to find industrial 
application in tfte painting of iron work, 
and the protection of boilers. When more 
than one electrolyte is present in the water 
the effects are more complicated and it is 
found that the concentration of the inhibitor 
must usually bo considerably greater than when 
it is present alone, if corrosion is to be prevented. 
An interesting special case is the benaviour of 
potassium dichromato in the presence of other 
salts. In such cases the dichromato* being an 
acid salt reacts with the other salt to produeo 
free acid, which destroys the passivity and allows 
rusting unless the dichromato is in large excess. 
For practical application as a rust preventive 
m such cases, potassium chromate which pro- 
duces no acid is equally effective (Friend and 
Brown, J. Iron and Steel Inst 1911, 1. 125). 

The temperature of a solution exerts an 
important influence upon its relative corrosivity. 
A 3 p.e. solution of sodium chloride at 10°C. is 
considerably more corrosive than tap water at 
the same temperature, but as the temperature 
rises the relative corrosivity falls, until at 21°C 
the solution is appreciably less corrosive than 
tap water. Tho behavioui of sea water, which 
contains approximately 3 p.e. of sodium chloride, 
is of practical interest to the engineer At 1 1°C, 
it is considerably more corrosive thanfresh water; 
at 13"C. the two waters act similarly ; whilst at 
all higher temperatures sea water is less corrosive 
than tap water fFncnd and Brown, Trans. Chem. 
Hoc. 1911, 99, 1302). In the western part of 
the tropical Pacific Ocean a temperature of 32°('. 
is frequently attained ; whilst m the Red Sea and 
Persian Oulf temperatures of 34’4°U. and 35‘5°0. 
respectively have been recorded. Such waters, 
therefore, are much less corrosive than river 
waters at the same temperature. In tlve Arctic 
Ocean, on the other hand, the temperature often 
lies below 0°C., and such waters are much more 
corrosive than fresh waters Between these two 
extromes all grades of temperature occur with 
corresponding fluctuations m the relative 
corrosivities. 

It is a matter of common knowledge that 
alkalis, if present in sufficient quantity m 
solution, will completely inhibit corrosion. 
The merest traces of sodium or potassium 
hydroxide will suffice to do this provided the 
solution is protected from neutralisation by the 
carbon dioxide of the air Upon exposure to 
the ordinary atmosphere, however, carbonates 
are produced, and these tend to stimulate cor- 
rosion at ordinary temperature unless the 
concentration of the alkali hydroxide is suffi- 
ciently great to yield at least the limiting 
concentration of alkali carbonate, namely, a 
0 - 25 p.e. solution. An interesting case arisos 
when iron is immersed m alkalinp solutions 
containing dissolved inorganic salts. For ex- 
ample, iron will remain untarnished for an 
indefinite period in a 1 p.e. solution of potassium 
hydroxide. Upon addition of potassium chloride 
however, corrosion is readily induced. It is 
possible, however, to increase the concentra- 
tion of tho alkali to such an extent that corro- 
sion is entirely inhibited, no matter what 
concentration of chloride lie added. The 
minimum amount of alkali required to inhibit 
corrosion varies with the nature of the added 
salt, and rises with the concentration of the same 


until saturation of the last-named is reaohed. 
It is important to note that when iron corrodes 
in alkaline solution, the rust invariably takes 
the form of pitting, being localised at various 
points on the surface of the metal. When 
scraped away its interior is found to be dark, 
consisting largely of ferrous oxide, and the metal 
is observed to be eaten out or corroded into a 
small pit. The original cause of this pitting is 
probably the presence of traces of superficial 
impurity ; nevertheless, even the purest forms 
of commercial iron, such as Kalilbaum’s electro- 
lytic metal, readily pit in this manner. This is 
a point of considerable importance to boiler 
engineers, inasmuch as alkaline feed waters 
are liable to produce serious trouble It is not 
difficult to imagine that a large iron boiler or 
tank might very well lose several pounds in 
weight through a, uniform superficial corrosion, 
and not he seriously injured thereby Yet the 
loss of only half an ounce, if localised in the form 
of a deep pit passing .entirely through the metal, 
might, lie disastrous. The remedy in such 
cases appears to lie m raising the concentration 
of the alkali until the inhibiting point is reached 

Various factor s uiftuninnq (orrosion . — It 
has already been indicated that the concentra- 
tion of dissolved oxygen at the surface of the 
metal has a very important, influence on tho 
progress of rusting. Practical experience con- 
firms this m many ways. Pipe lines conveying 
water have been known to fail mainly on 
account, of the extreme aeration of the water. 
Bridge structures always rust most readily near 
the water level, particularly if the water is in 
slight motion (sec Cobb, Iron Steel Inst, 1911, 
1. 170). Iron work which is deeply immersed in 
water or deeply buried, rusts much more slowly 
than that which is nearer to tho atmosphere. 
The oxygen used up at. the metal-water surface, 
is gradually replaced by diffusion from the air- 
water surface, and anything which prevents or 
decreases the rate of diffusion, such as reduction 
in the size of air-water surface, or covering it 
with a layer of material impermeable to oxygen, 
will delay rusting. The rate of flow of the water 
past the metal might be expected to have,, an 
influence in this respect, and Heyn and Bauer 
(Mitt. Konigl. Material-prufungsamt, 1910, 28, 
93) have actually found that slight motion 
increases the rate of corrosion for both cast 
iron and steel, especially the former. With an 
increased rate of flow, however, the corrosion 
decreased again. At high temperatures, it is 
naturally found that the tendency to rust is 
greatly increased although, under many con- 
ditions, tliis may be compensated for by the 
diminution in tho supply of oxygen caused by 
the lower solubility. 

Influence of 'physical condition.— It is an 
experimental fact that two samples of iron may 
possess precisely the same chemical composition 
and yet. exhibit a marked difference in their 
powers of resisting corrosive influences. This 
is attributable to variation in tho physical pro- 
perties of the metals. A series of interesting 
experiments was carried out by Andrews (Min. 
Proc. Inst. Civil Eng. .1894, 118, 356) on this 
point, with tho object of determining the influence 
of tensile, torsional and flexionaf stresses, re- 
spectively, upon corrosion. In so far as the 
first of these, namely, the tensile stress, was 
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concerned, it was found that the strained 
portion was cathodic to the unstrained when 
Doth were connected in a cell containing sodium 
chloride solution ; in other words, the strained 
portion resisted corrosion more successfully than 
the unstrained. On the othor hand, Hambuechen 
(Bull. Univ. Wisconsin, Eng. Ser. 8, 1900), after 
a similar senes of experiments, was led to an 
opposite conclusion. This apparent discrepancy 
is explained by the work of Richards and Bohr 
(Pub. Carnegie Inst., Washington, 1900), which 
makes it clear that any difference of potential 
existing between strained and unstrained 
portions of metal is very small and is greatly 
influenced in direction by local circumstances. 
Burgess (Trans. Amer. Eleetrochem. Soe. 1908, 
13, 17) found that iron deformed by stretching 
beyond the clastic limit corrodes more rapidly 
than unstrained portions, and tins is supported 
by the work of Ileyn and Bauer (J. lion Steel 
Inst. 1909, 1. 109). As regards the influence 
of torsional and flexional stress, Andrews found 
the unstrained portions to be more susceptible 
to corrosion than the strained Here again the 
extent of the strain and the local conditions will 
each exert due influence upon the result 

In 1911 Hancmami drew attention to some 
ink resting effects produced by heat treatment 
upon the resistance of steel to aeid attack (Stahl 
und Eisen, 1911, 31, 1305). He showed that 
each stool, according to its carbon content, 
appears to have an optimum quenching tempeia- 
ture, at which a maximum tensile strength is 
obtained. His results further indicated the 
existence of a close connection between the 
tensile strength and solubility of the steel, the 
steel with the highest tensile strength exhibiting 
the greatest solubility ui acid. From the lore- 
going it is evident that the physical condition | 
of the metal exerts an important influence upon 
its corrodibility. 

Injlitenc e of chcnuud composition . — The 
chemical composition of iron or steel has an 
important bearing upon its resistance to cor- 
rosion. This is most marked in the case of 
cast iron and steel, since these have a wider 
range of composition than wrought iron. The 
most usual offeets of alloying elements may be 
summarised os follows (Friend, Paper read 
before Staffs. Iron and Steel Inst. Feb. 21, 1914). 

1. Some elements, such as sulphur, exist 
in steels m the form of relatively oxidisable com- 
pounds. In mangamferous and cupriferous 
steels the sulphur is present mamly as the sul- 
phides of copper and manganese. These readily 
undergo oxidation to sulphureous acids which j 
stimulate corrosion. 

2. Not a few elements combine with iron | 
forming alloys or compounds highly resistant 
to corrosion. Such appeal's to be the case with 
phosphorus, nickel, chromium, and silicon. 

3. The presence of one element may tend to 
alter the chemical or physical condition of a 
sooond element present in the iron or steel. 
For example, silicon tends to throw the carboif 
out of combination with the iron, and effect 
its separation in the form of graphite. This is 
a well-known reaction in blast furnace practice, 
and the consequence is that the corrodibility of 
the metal is not only influenced by the presenoe 
of the silioon per se, but also by the altered 
condition of the carbon. 


4. Alloying elements tend to produce segre- 
gation or unequal distribution of the components 
of the metal during solidification. Serious 
differences of potential are thereby initiated 
and the liability to corrode is proportionately 
enhanced. , 

In addition to lack of homogeneity in tho 
metal itself it must bo remembered that contact 
with a less electro-positive metal, the presence 
of small quantities of mill scale (Fe 8 0 4 ), or even 
of rust itself, will cause the iron to become the 
soluble electrode in a galvanic circuit and there- 
by hasten its corrosion. It is therefore always 
advisable to avoid making contacts with other 
metals, or even with other kinds of iron, at 
points where electrolytic action might tako 
i place. Tho fact that iron in constant use does 
j not corrode so fust as when at rest has been 
ascribed to the fact that any oxides formed are 
I quickly removed and do not remain to exercise 
a galvanic influence. 

Influence, of caibon and many an es c.-^Two 
, of the most important alloying dements in steel 
i arc carbon and manganese, and the influence of 
, these upon the corrodibility of the metal has 
been made the subject of considerable study. 
Hudlield and Friend (.1 Iron Steel Inst. 19l(>, 
l. 48) summarised their results as follows : 
1. The addition of carbon from 0 03 to 1*(53 p.c. 

, to puio lion containing less than 0'2 p.c, of 
1 manganese, results in a steadily increasing rate. 
1 of corrosion both m tap water and m sea water : 

! an initial lull in couosion will) a rapid rise to a 
| maximum with 1 05 p.c. carbon in alternate 
wet and dry ; and a lapid rise m corrosion to 
a maximum with 0 8 pc carbon when exposed 
to the action of dilute sulphunc aeid. 

2 The addition of 0'7 p.c. of manganese to 
the above steels results in a slightly increased 
corrosion m tap water, sea water, and in alternate 
wet and dry tests, with a carbon content of up 
to about 0'4 to 0*(i p e. With higher carbon 
contents tho manganese generally affords a 
slight protection, which is very decided in 4ho 
wet and dry tests. On the other hand, the 
presence of the manganese enormously increases 
tho solubility of the steels of all carbon contents 
in dilute sulphuric aeid. This is a point of 
great commercial importance since in ordinary 
steels tho manganese content is very liable to 
fluctuate between 0'2 and 0'7 p.c. and it is very 
evident that the latter are unsuited for acid 
atmospheres or liquors. For example, m large 
towns considerable quantities of sulphur acids 
aro found in the atmosphere, owing to the 
combustion of bituminous coal, which, containing 
a small percentage of iron pyrites, loads to the 
formation of sulphur dioxide, and this dissolving 
m ram rapidly oxidises to sulphunc acid, giving 
the ram water an acid reaction. It has boon 
shown that in tho industrial quarters of a large 
manufacturing town this acidity will some- 
times represent as much as 90 lbs. of sul- 
phum acid per acre per annum, whilst in the 
residential quarters it will probably not be more 
than about 25 lbs. The sulphunc acid, however 
dilute, coming in contact with iron-work, accele- 
rates the rusting, and by its corrosive aotion 
renders more difficult the protection of the metal. 

For such districts steels of very low manganese 
content would appear to be most suitable. 

3 By increasing the manganese oontent to 
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2 p.o. upwards the corrodibility of the steels is 
greatly decreased in neutral media, although 
in dilute sulphuric acid the solubility is greatly 
enhanced. 

Numerous other researches on the influence 
of carbon, nickel, chromium, copper, &c., have 
been carried out by Ureuil, Chappell, Aitehison, 
Bucli Diogcl, and others, but for accounts of these 
the reader is referred to the J. Iron Steel Inst. 

Relative corrodibilities of wrought non and 
stcel.~f\\o question as to which of the two 
metals, wrought iron or steel, is the moro re- 
sistant to corrosion is one winch has attracted 
much attention. The subject has been discussed 
by several investigators (see Trans. .Faraday Soc. 
1910, 11, part 2), who point out that the mean 
result of examining a largo number of samples of 
wrought iron and of steel after exposure to 
corroding influences indicates that the two 
metals are practically equally resistant. Never- 
theless wide divergences exist between the 
ckffdtent irons and steels in individual cases. 
This is not necessarily duo to any irregularities 
in the metals themselves, but rather is it attri- 
butable to the fact that no one metal can be 
expected to offer an equal resistance to all 
kinds of corrosive influences The problem 
thus becomes one of determining which variety 
of iron or of steel is the most suitable foi any 
particular purpose. It is conceivable that 
certain makes of wrought iron will prove most 
useful in certain circumstances, whilst under 
other conditions it will prove better to employ 
steel. Field tests, which are urgently needed to 
throw light upon these obscure problems, are in 
progress. 

Common of cast iron — Comparatively little 
research work lias been published on the cor- 
rosion of cast non. In 1881$ ({rimer found that 
eloaned cast mm was less attacked by air and 
moisture than wrought iron or steel (Com pi 
rend. 1882, 99, 195), but was moie readily 
attacked by dilute acids. This latter observa- 
tion was continued m 1915 by Friend and 
Marshall (J. Iron Steel Inst. 1915, 1. 3511), 
working with a mild steel and grey cast iron 
In neutral corroding media there was little to 
choose between the two metals. The same 
investigators found (ibid. 1913, I. 382) also 
that a variation m the percentage of silicon 
between the hmits of 1 2 and 2 3 p.c. exerts no 
influence per se upon the corrodibility of the 
metal. The fact that in many cases cast iron 
objects appear to have a longer life than corre- 
sjitmding ones in wrought iron or ste^l is attri- 
butable to the protection afforded by the outer 
skin formed on the cast iron during casting 
This may also account for the greater resistance i 
offered by cast-iron pipes to the destructive 
action of stray electric currents (Brown, Elec- 
trical Engineer, New York, 1898, 20, 441). 

Acceleration tests . — In order to determine 
what particular variety of iron or steel will 
must corrosion most effectively many attempts 
have been made to employ rapid chemical tests 
in the laboratory. One of the most usual of 
these consists in immersing different samples 
of the metal in dilute sulphuric acid for definite 
intervals of time and noting the losses in weight. 
Those specimens that dissolve most readily are 
regarded as most readily corrodible. It cannot 
be too strongly emphasised, however, that Buch 
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testa are 'of no general value whatever. The 
only reliable method oonsiets in experimenting 
with the Samples of metal under precisely 
similar conditions to those to which the metal 
will be exposed in practice. This, it is true, is 
a slow process, but the results arc sure. 

Prevention of rust . — Where the uso to which 
iron is to bd put does not admit of any pro- 
tective coating, it is obviously necessary to 
consider all the above questions, with a view to 
providing conditions which shall keep corrosion 
as slow as possible. The steel plates of a steam 
boiler, for instance, are subjected to very 
stringent conditions which often cause extensive 
jutting, so that special attention has to bo 
given both to the metal of which tho boiler is 
contained and to tho feed water. An example 
is described by Huntley (J. Soc. Chem. Ind. 
1909, 28, 339) of remarkable corrosion in a 
stand-by boner which could not bo prevented 
by adding alkalis to the water. Blisters were 
found near the water level of the boiler, filled 
with a liquid which contained ferrous sulphate 
and suljihurie acid. The production of the sul- 
phuric acid was found to be due to the presence 
of manganese sulphide in the steel. The 
blister of lust, had retained the suljihurie acid, 
and oxygen jmssed in to oxidise the sulphide 
more lapidly than sodium hydroxide to neutra- 
lise the resulting acid. In this case, a remedy 
was effected by the addition of sodium arsemte, 
which presumably acted as a reducing agent 
combining with the dissolved oxygen. There are 
various other devices for the removal of oxygen, 
such as passing the feed water over scrap iron 
in a closed box, or the addition of an alkalmo 
solution of tannin, which in tho boiler forms 
| strongly reducing pyrogallate. The use of 
dichromutcH or chromates has already been re- 
ferred to, although the practice has not yet 
been widely tested on the large scale. Other 
attempts to protect iron have been made by 
placing pieces of zinc in contact with tho metal 
so that the iron would be protected at the 
expense of tho zinc. Thw practice is not very 
economical, and usually the effect of the zinc is 
confined to its immediate locality. In certain 
circumstances, however, the method is of value. 
A method of jireventmg or retarding tho corro- 
sion of boilers consists in applying an external 
current so that the boiler shell is the cathode, 
an immersed piece of wrought iron the anode, 
and tho boiler- water the electrolyte. A current 
of 1 to 2 amjieres at 4 to 8 volts’ procure is said 
to show a satisfactory reduction in the extent of 
tho attack on tho j dates (Harker and Macna- 
mara, J. Soc. Chem. Ind. 1910, 22, 1280). 

Where conditions permit it, and especially 
in tho cose of structural iron work, it is of 
ooureo a matter of economy to give to exposed 
iron work a protective coating. The jfirst 
essential is to provide a* coating which shall be 
as imjiervious as possible to air and water. 
Further considerations arise, jiarticularly with 
'regard to the course of events at points where 
the coating has given way. For Bmall articles 
a film of vaseline, black lead, or similar material 
which can be readily renewed is of great practical 
value. A coating of hot tar or pitch (Angus 
Smith) has also found wide application. Wire 
and articles of sheet metal may be protected 
by naeariB of a coating of a less corrodible metal, 
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usually zino or tin. Tin plate finds its widest 
application in the manufacture of vessels to 
contain foodstuffs, and other articled for wliich 
a long life is not desired. It is less suitable for 
severe conditions, since at any point where the 
iron has become exposed a couple is produced in 
wliich the more electro -positive iron acts as tho 
soluble electrode and suffers rapid corrosion. 
It is therefore of importance that the tin should 
bo as free from pinholes as possible, and the 
ferroxyl indicator* applied m a thin layer to tho 
surface of the metal is a very valuable indica- 
tion of the extent to which they exist. Every 
pinhole is indicated by the development of a 
blue spot which shows that iron is passing into 
solution. In galvanised or zme-coated iron tho 
state of afiairs is reversed The zinc protects 
the iron first by its own resistance to corrosion, 
and then when the coating is broken, by the fact 
that the iron is protected at the expense of the 
more electro -positive zinc. There are several 
methods now in use for providing the zinc 
coating in die most suitable form. In tho hot 
dip method tho iron, after passing through a 
‘ fluxing solution,’ is dipped into molten zinc. 
The fluxing solution which has for its object tho 
cleaning of the iron surface usually contains 
hydrochloric acid, and the traces of this which 
are carried over often have an undesirable 
effect in prodm mg corrosion of tho finished 
product, in addition to the can* necessary to 
avoid this effect, it is \ery impoitant to contiol 
the bath so that a sufficiently uniform and thick | 
layer of zinc shall he produced on the iron 
Other methods of depositing the zinc are by 
electrolysis and by exposure to the vapour of 
zinc (Shorardising). and it. is claimed that both 
these methods produce* a more resistant coating 
than the hot dip process. The uniformity of a 
zinc coating can bo tested by dipping the metal 
in a hot concentrated solution of caustic soda 
(Walker, Proc. Amer Hoc., Testing Materials, 
1909, 8, 4110). Pure zinc, under such conditions, 
is practically unaffected, but in contact with 
iron, as it would be where there were cracks or 
pmholes in the coating, a current of hydrogen is 

f iroduced from tho iron. ’Tested in this way, 
lot galvanised iron was found by Walker to 
be relatively fnoe from imperfections, but wet 
or electrolytioally galvanised was frequently 
porous, indicating tho necessity for careful 
supervision of the rate of deposition of the zinc 
so as to obtain tho most adherent coating. A 
number o£ other protective devices, mostly 
patented, depend upon tho production from the 
iron itself of a resistant surface layer. The 
best known of these is tho Harff -Bower method 
of* producing a fine closely adhering layer of 
magnetic oxide, by the action of steam on the 
heated metal. In this way a vci*y uniform 
and durable coating can bo obtained on articles 
which are not too large. When the metal does 
become exposed, however, tho oxide forms with 
the metal a couple which results in stimulated^ 
corrosion of tho iron. In tho Tatlock process, 
the magnetic oxide is obtained by heating in a 
bath of fused sodium or potassium nitrate. The 
Coslett process, which is largely used in bicycle 
manufacture, depends on the production of an 
insoluble layer of phosphate by the regulated 
action of phosphoric acid. These and similar 
methods of protection are all fairly efficient for 


the protection of smaller articles or sheets of 
iron under not too Btringent conditions. Bat 
where, as is often the case with structural and 
massive ironwork, the water may contain much 
soluble foreign matter (often of an acid nature), 
tho progress of corrosion «must be carefully 
watched and checked. This involves the use 
of a protective coat which shall bo renewable 
in situ and easily applied. For this reason, a 
considerable amount of Attention is noyv being 
paid to the protection of iron work by paint. 

Paints usually consist of an intimate mixture 
of pigment and liquid vehicle. As regards the 
latter it is essential that it should excel in 
chemical permanence, imperviousness towards 
an* and moisture, cleetne insulation, chemical 
inertness towards iron, resistance towards 
physical damage, elasticity, and finally in its 
drying, hardening or setting power. The 
vehicle most commonly m uso is lmseed oil, 
which, upon exposure to air, absorlis oxygen, 
being transformed into a tough, elastic s’olyl 
called hnoxyn. This oxidation proceeds only 
slowly m the ease of the law oil as obtained 
by pressure from linseed, and in order to facili- 
tate tho setting, a substance termed a drier is 
usually added, which, by some moans not 
thoroughly understood, assists the ml to combine 
with the atmospheric oxygen. To tho same end 
lmseed ml is frequently heated, either in the 
absence of air or whilst a current of air is blown 
through ; a drier may or may not bo added in 
this ease, according to circumstances. 

The, absorption ot oxygen by the oil is at 
first accompanied by a slight expansion, amount- 
ing m tin* ease of puie mw Calcutta oil to about 
3 pc, at 15“(!. ( Friend, Trans, ('hem. Soc. 1917, 
111, 1(12). lienee when thick layers of paint 
are exposed to the an* the outer layer becomes 
oxidised most rapidly and by expanding causes 
the familiar crinkled appearance. For this 
reason the painter prefers to apply his paint 
in thin layers, so that, upon drymg, a smooth 
and uniform coat results. 

If the oxidation of the oil stopped at the 
formation of the solid linoxyn the paint film 
would bo very permanent. Unfortunately such 
is not tho case. Further oxidation takes place, 
although very slowly, water, carbon dioxide, 
and other products being ovolved, and accom- 
panied by .a simultaneous contraction and 
embrittling of the film. In course of time 
the contraction becomes so great that the film 
cracks and peels away. Such old films are a 
source of danger to ironwork, inasmuch as they 
not only fail to protect the "metal, but actually 
stimulate corrosion (Walker and Lewis, J. Ind. 
Eng. Chem. 1909, I. 754). Hence when crack- 
ing of the paint film has once begun it is desirable 
to scrape off the old paint and apply an entirely 
fresh coating. All the drying oils are open to 
this objection, and attempts have been made to 
utilise other liquid vehicles, such as nitrated 
cellul^e in amyl acetate, &c. 

Tho heating of linseed oil, referred to above, 
induces a certain amount of polymerisation, 
reducing its permeability tc moisture and 
generally increasing its protective power when 
used in paint for iron work. Light greatly ac- 
celerates the setting of the oil, but unfortunately 
it also accelerates its subsequent decomposition; 
for this reason, other things being equal, the 
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most permanent paints are those containing 
black or red pigments, since these absorb 
tho shorter rays of light and prevent them 
from hastening tho destructive oxidation of 
the linoxyn. As regards the pigments, they 
should be in a line state of division m order 
to admit of thorough incorporation with the 
oil. They should also bo insoluble m water, 
and chemically both permanent and inert. The 
last-named propeity 11 ? laigoly dependent upon 
the solubility and in the case of eeitain pigments, 
such as tho chromes, a veiy slight solubility in 
moisture is not altogether a disadvantage, since 
the dissolved chromate tends to inhibit corrosion, 
as already mentioned Tins was found experi- 
mentally to be the ease m the Atlanta City tests 
carried out under the ajgis ol Committee U oi 
the A mow an Society foi Testing Materials. 
These tests were begun in 11*08 ami foi details 
the reader is relerrud to (lush man and Clardner, 
Corrosion and l'resei vation ol Iron and Steel 
York, 11)10), and ( Gardner, Paint Tech- 
nology and Paints (New York, 11*11); suffice it 
to say, however, that paint mixtures eontailimg 
chromates yielded promising lesults. 

Lt is dangerous, however, to use pigments 
that are markedly soluble m walei, since when 
these have dissolved out ol the paint him by 
repeated rainfalls, pores are lelt tb tough which 
moisture and an leadily pass to the metallic 
surface beneath, leading to seiiuus coriosiou. 

The chief functions ot a pigment consist in 

(1) olleiiug a suppoit to the linoxyn, thereby 
affording a hauler and tougher him, propoi- 
tionately moie resistant to meehameal injury; 

(2) reducing the permeability of the paint him 
to air and moisture, since the pigmentary 
jiarticles are -themselves impel uous to these 
(Them are other I unctions, but for further 
details reference may he made to Friend, Iron 
and Steel institute Carnegie Memoir, 1918) 
In the case of aerial iron woilc, a thick coat of 
paint protects the undo Lying metal from attack 
more efficiently than a thin coat, provided the 
thick coat is not so heavily laid on as to cause 
crinkling or running The best lesults arc 
obtained by multiple coats, two thin coats being 
more efficient than one thick one of equal weight. 
Tho mm structures should be painted whilst the 
scale is still on after loosely adherent, Hakes and 
rust have been scraped off. in this case the 
pamt will last rather longer than if applied to 
tho pickled or sandblasted surface and the labour 
of removing the scale is saved Rust need not 
ho *,«<> carefully removed prioi to pamting as 
was formerly believed to be necessary 

A useful paint foi struct, uial iron work not 
exposed to soa-watei consists of oil yvith led lead, 
Indian rod and lamp black, the three pigments 
being in approximately equal proportions by 
weight. 

Almost equally good as the icd or white 
lead pamts for protection is a bituminous paint 
made from pitch, the distillation ot wlnPh has 
not been carried too far. This must lie alisolutely 
froe from free carbon and tar acids or ammonium 
salts, and if applied hot to the structure to 
be protected, gives very good results, the colour 
being the main drawback. 

There are many circumstances in which 
such a bituminous paint is preferable to an oil 
paint, as, for instance, in gas works, urinals, or 


slaughter houses, where there is much ammonia 
m the air, which lias an extraordinarily destruc- 
tive effect Upon oil paints. 

Corrosion of iron, tu concrtic . — In view of 
tho widespread use of concrete reinforced with 
iron or steel tho question of the corrosion of the 
metal in these circumstances is fraught with 
unusual importance. Owing to the fact that 
iron, upon rusting, undergoes considerable 
expansion (Rauermann, J. Iron Steel Inst. 
1888, II 135), it follows that should corrosion 
of tlie metal occur when it is embedded in 
concrete, a cracking of the latter becomes 
inevitable , more air and water enter, so that 
corrosion proceeds with an me loosed rapidity 
and tho structure becomes proportionately 
weakened If tho concrete is well made and the 
i whole is undisturbed by stray electric currents 
it would ajipear that ferro concrete structures 
may last almost indefinitely The ingredients 
of 1/he concrete should not be too coarse, other- 
wise thorough mixing and good contact will 
hiudlv be jiossible Tho mixture must bo well 
I punned mto position in order to ehmmato voids 
i m so far as is possible. A sufficient, thickness 
1 of concrete should be applied, since, if it is too 
j thin, it may cm. k mechanically and thus admit 
I an and watei to the metal Substances likely 
to contain at ids or aud jirodut mg constituents 
i should be avoided, such as, fm example, coke 
breeze and Mags, which fioquently contain 
dangerous sulphur compounds (.see Report of 
Science Standing (Vnnnutteo of Concrete lust. 
Mar 9. 11*11 Fnond, Trans Concrete Inst. 
11*17 J 8, vol jx.). 

Concrete may be advantageously coated 
with some waterproofing mat, dial to render it 
still moie impervious, provided such proofing is 
entirely flee fiom acid or acid pi educing sub- 
I stances This course is specially to be recom- 
mended in the case of icmforced concrete 
structures exposed to the action of sea-water, 
since the salt, exerts a deteriorating effect ujion 
the eonciete Foi this i eason Creighton points 
out, that it beach gravel is used in making the 
concictc it should bust, be very thoroughly 
washed to remove the salt, and fuithermoie salt 
should not ho added to the concrete during 
budding in cold weather to pi event its froezmg 
(J Fiankhn Inst., Nov. 1917.) 

Cono-siov of N on-Fa rowi M rials. — Tho 
corrosion of non-ferrous metals has not been 
made the subject of so much study as that 
of iron and steel, nevertheless a considerable 
amount of useful information has been accumu- 
lated. Tho rare or precious metals, such as 
platinum, indium, and gold, are so resistant 
to oxidation or corrosion at ordinary tempera- 
tures that they may bo said, for all practical 
purposes, not to corrode at all. Nickel and 
cobalt are also very resistant to corrosion, 
although less so than tho foregoing metals. 
Silver tarnishes, particularly in contact with 
sulphur or sulphureous substances, and is 
readily jutted or corroded by chlondos such as 
common salt. Mercury or quicksilver likewise 
tarnishes upon exjiosuro to air, but the layer of 
oxide tends to protect the underlying metal 
from attack, if the liquid is kept stationary. 
Pitting is, of course, an impossible phenomenon 
in the case of a liquid. This leaves us with the 
following commercial metals to oonsider, namely 
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aluminium, copper, lead, tin, and zinc, together 
with their alloys. Such metals as rhodium, 
’ruthenium, &o., hardly concern us here, being 
rather of the nature oi chemical curiosities than 
otherwise. 

Aluminium . — The study of the corrosion of 
aluminium has acquired a considerably enhanced 
importance of late years owing to the ever- 
increasing use of this metal for air-craft, fittings 
of sea-going vessels, and for domestic culinary 
operations. 

Aluminium tarnishes upon oxpoRiiro to air, 
and the layer 'of oxide, adhering closely to the 
metal, affords good protection in temperate 
climes against further corrosion. In hot, 
tropical countries, where moisture is plentiful, 
tho aluminium corrodes more rapidly, and the 
coating of oxide, although apparently continuous, 
may be minutely porous. Aluminium drinking 
vessels acquire a foul taste in Bueh climates, 
probably owing to tho absorptive properties of 
this porous oxide layor (l)esch, Trans. Faraday 
Soc. 1910, 11, Part 2). 

Aluminium is oxidised by prolonged contact 
with hot distilled water in the presenco of air, 
the insoluble hydroxide being formed. Scala 
(Atti It. Accad. Lincei, 1913, 22, (1), 43, 95) 
concludes that this is mainly due to the presenco 
of iron, which passes into pseudo solution m 
colloidal form as ferrous hydroxide and cata- 
lytically accelerates the oxidation of the 
aluminium. 

Tho greater the purity of the metal, and the 
less its variation in homogeneity, the greater is 
the resistance of tho metal towards corroding 
influences. Consequently annealed samplce aro 
more resistant than those which have not been 
so treated (Bailey, J. Inst. Metals, 1913, 9, 79) 
Organic acids, particularly when hot ami in 
the presonce of dissolved chlorides, act upon 
aluminium (Watson Smith, ,T. Soc, Ohem. Ind 
1904, 23, 475), whilst boiling with dilute sodium 
carbonate solution causes the formation of 
soluble sodium aluminate, from which the 
hydrated oxide of aluminium is precipitated on 
passage of carbon dioxide. Both pure and 
crude alcohol attack aluminium fairly readily, 
and are rendered turbid thereby (Karpmski, 
Z. Spi ritus -indus trie, 1912, 35, COO). Hydrogen 
peroxide in dilute solution readily effects the 
oxidation of the metal (Drostc, Ohem. Zeit. 
1913, 37, 1317), as do also dilute solutions of 
ammonia, sodium hydroxide, and sodium 
carbonate respectively, in tho cold (Hale and 
Foster, J. Soc. Ohem. Ind. 1915, 34, 4(54). 

Copper and its alloys . — Copper tarnishes upon 
exposure to moist air at ordinary temperatures, 
and the skin of oxide thus formed tends to 
protect the underlying metal from attack. 
Water alone does not appreciably affect copper, 
and the employment of this metal for kettles 
for boiling water for culinary purposes is quite 
safe. Copper differs from iron in that it does 
not decompose steam, even at red heat. Indeed, 
cupric oxide heated in steam is reduced to 
cuprous oxide. Nitric acid readily attacks 
copper, and the metal oxidises in contact with 
alkaline solutions. Dilute hydrochloric acid 
attacks copper in the cold more seriously than 
nitric or sulphuric acid under similar conditions 
(Hale and Foster). When embedded in damp 
concrete copper remains in excellent condition 
VOL. II. — T. 


(Gaines, J. Ind. Eng. Chem. 1913, 6, 766). 
Sulphur tarnishes copper, and organic acids 
gradually convert it into basio salts (see Verdi- 
oris, &c.). Solutions of electrolytes such as 
sea-water, &c., also attack the metal. [See 
report of Corrosion Committee J. Inst. Metals, 
1919, 21, 87.] 

The corrosion of an alloy is usually a more 
complicated process than that of a single homo- 
geneous element, since tho different constituents 
m an alloy do not behavo alike towards corroding 
media. (Jwing to the corrodibility of iron and 
steel various alloys of copper aro used com- 
mercially on a large scale for special purposes, 
as, for example, in the manufacture of condenser 
tubes, millions of which are in use at any moment 
by the Admiralty. Consequently a study of the 
conditions under which corrosion takes place 
assumes a position of corresponding importance. 
During tho last few years increased attention 
has been given to tins subject, notably by the 
Institute of Motals, and for full details Uf 
tho work earned out under their auspices, the 
reader ib referred to Bengough’s Reports to 
the Corrosion Committee, as published in 
the Journal of the Institute. 

Much so-called corrosion of metal-work 
really consists of mechanical abrasion. For 
example, furnace gases carrying with them fine 
particles of solid material on passing through 
metal tubes tends to wear them away. This 
action is accentuated by the presence of chlorides 
or sulphur compounds, since these yield with 
the metal compounds less hard m character, 
and which are m consequence more easily 
abraded, or they may even give nso to volatile 
salts which readily disappear as vapour. This is 
a common source of trouble with copper and its 
alloys. 

Brass is an alloy of copper and zinc, and the 
resist ance offered by it to solutions of electrolytes 
has been studied by many investigators. The 
action of chlorides in particular has received 
attention, notably by Desch and White ( J. Inst. 
Metals, 1913, 10, 305; 1914, 11, 235 ;[ Desch, 
J Soc. Chem. Ind. 1915, 34 , 258), whose'results 
may bo briefly summarised as follows : f Corro- 
sion of brass takes place mainly by dezincifica- 
tion, for although both copper and zinc are 
removed in solution, the proportion of the latter 
metal in solution and in the nocculent precipitate 
is much higher than in the alloy. Consequently 
a layer of metal is left, in which the percentage 
of zinc is much less than in the original alloy, 
and which has an open, spongy texture that* 
readily yields to oxidation under the influence 
of air or dissolved oxygen. This explains the 
presence of the layer of cuprous oxide frequently 
observed on the corroded surface of brass tubes, 
and which is thus probably not of direct, but of 
secondary origin. The removal of zinc grains 
proceeds at first along the boundaries of crystal 
grains, and in such brasses as exhibit twinning 
(<j-braase.(f) along the dividing planes between 
twin crystals. 

The presenco of iron in solid solution in 
brass accelerates the corrosion, but small 
quantities of lead up to 1 p.c. apparently do 
no serious harm (Briihl, J. Inst. Metals, 1911, 
6, 302). With 2 p.c. lead a protective layer of 
basio salts is formed, whioh tends to retard 
further action (Desch). 

2 o 
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An interesting example of corrosion is 
afforded by a condenser tube taken from a 
vessel on the Manchester Ship Canal, and 
described by l)esch. The composition of the 
original metal was Cu, 72‘72 ; Zn, 27‘04 ; Fe, 
CW5 ; and Pb, 0-09. Along the bottom of the 
tube the metal had been almost completely 
dezincified, and a transverse section showed that 
practically only spongy copper remained. At a 
somewhat higher level the spongy copper 
extended only partly through the metal, but 
the boundary between the copper anti unaltered 
brass was perfectly clear. 

Tin, as is well known, greatly enhances the 
resistance of brass to attack by sea-watei, and 
for this reason bionzea are m considerable 
demand for maune work. The standard 
Admiralty alloy for condenser tuboH contains 
Cu, 70 ; Zn, 29 ; ,Sn, 1 0. The protective 
influence of the tm appears to be largely 
mechanical, in that it forms m neutral or faintly 
alkaline solutions of electrolytes a tough 
adherent layer of basic salt, which can only be 
detached with dithculty. 

The behaviour of bronzes towards acid 
solutions has been studied by Ciolitti and 
Ceccarclli ((Jazz, elinn. ital. 1909, 39, ii. 557), 
who iind that their susceptibility to acid attack 
is intimately associated with microscopical 
appearance. 

When embedded in damp concrete ((iaines, 
J. Ind. Eng. (hem. 1913, 5. 700) both monel 
metal and manganese bronze appear to resist 
corrosion exceedingly well. Addition of phos- 
phorus to bronzes increases their resistance to 
corrosion, and phosphor bronzes, which contain 
up to 1'7G p.e. of phosphorus, have proved 
very valuable in marine work 

Alloys of copper and aluminium, such as 
those containing up to 10 p.e. of the latter 
metal, have also proved very resistant to sea- 
water and dilute alkalies, a property that is 
further enhanced by the addition of nickel 
(Read and G reave, J. Inst. Metals, 1914, 11, 
169), although, curiously enough, the nickel, if 
it has any action at all, tends to increase the 
corrodibility of the alloys in tap water, dilute 
mineral acids, and vinegar. 

Lead, — ( 1 ) 1’urc Lead. The corrosion of lead 
of exceptional purity has been investigated by 
Lambert and Cullis (Trans, (hem. Soc. 1915, 
107, 210). The metal, having been prepared 
in a high state of purity by the method of 
^Stas (Bull. Acad roy. Bclg. I860, 10, 295), was 
“finally distilled in vacmd in quartz tubes at a 
temperature approximating to 1200° C. Its 
behaviour towards air, water, and a mixture of 
oxygen and water was then investigated. It was 
observed that, if the metal was exposed to air 
only a short time after distillation, its surface 
was quiokly tarnished m the cold, indicative 
of slight superficial oxidation. If the metal, 
however, was kept m vaevd for sevora^months, 
subsequent exposure to air did not cause any 
appreciable decrease of lustre for several days. 

Other samples of freshly distilled lead 
underwent rapid corrosion upon exposure to 
pure water and oxygen. In the case of totally 
submerged specimens, white crystals of lead 
hydroxide were formed, together with a brown 
deposit, probablv consisting of hydrated plum- 
bous oxiae Pb 2 0,2H.,0. When the metal was 


only partially immersed in the water a bright 
yellow oxide was formed within half an hour of 
the admission of oxygen. The colour gradually 
turned to a dull red, the change requiring many 
months for completion, being accelerated by 
exposure to sunlight, 

A sample of load kept in contact with water 
for 12 months in vacuS presented an undmiinished 
lustre, and no evidence was obtained in other 
experiments indicative of the slightest solubility 
of the metal under such conditions. Admission 
of pure oxygen led to no visible corrosion or 
tarnishing for more than a week, and even after 
six months oxidation had proceeded to such a 
slight extent that the layer of oxide was suffi- 
ciently attenuated to display interference 
colours. 

From the foregoing it is evident that pure, 
distilled lead behaves somewhat differently 
towards air or aerated water, according to its 
‘ age,’ the specimens that have been most 
recently distilled proving more susceptible to 
corrosion than those that have had time to age, 
although the actual mechanism of the corrosion 
appears to be the same m either case. Most 
probably* this is due to a difference in the physical 
character of the metal, and it is in accordance 
with the behaviour of other substances to 
suppose that the most unstable form or forms 
will predominate in the freshly distilled metal, 
thus giving it a heterogeneous character which 
gradually settles down to a homogeneous con- 
dition of maximum stability. 

(2) Commercial Lead. Although commercial 
lead is a remarkably pure metal for technical 
and trade purposes, it cannot bo compared 
with the distilled product of Lambert and 
Culhs It is important, therefore, to study its 
behaviour towards such corroding agents as are 
commonly met with m practice. Tins is particu- 
larly necessary, since the subject is intimately 
associated with the national health owing to the 
extensive employment of leaden pipes for the con- 
veyance of potable waters to private dwellings. 

* The results obtained by early investigators 
are somewhat conflicting in many of their 
details (see Summary by Heap, J. Soc. Chem. 
Ind. 1913, 32, 771, 811, 847), but the following 
facts may be regarded as Veil established. 
Although Lambert found that pure water 
exerts no appreciable solvent action upon pure 
distilled lead in finite time, it is generally agreed 
that distilled water, freed from air by boiling, 
readily dissolves commercial load, and even 
refined lead. Clowes (Croc. Chem. Soc. 1902, 
18, 46) found tnat a sample of very pure lead 
dissolved to the extent of 0 3 gram per million 
parts of water, and according to Traube- 
Mengarini and Scala (Mem. R. Accad. Lincei, 
1911, 8, 576), the dissolved metal is suspended 
in the water in colloidal form. Admission of 
oxygen converts the colloidal metal into colloidal 
hydrated oxide, the particles of which slowly 
aggregate to give a crystalline deposit, the liquid 
bocoming turbid. Oxygenated waters are thus 
very corrosive towards lead. 

The question now arises as to the influence 
exerted by atmospheric carbon dioxide upon the 
foregoing reactions. Water containing dissolved 
carbon dioxide has but little action upon lead 
in the absence of oxygen, and the presence of 
carbon dioxide in oxygenated waters reduoes 
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their corrosive action by effecting the precipita- 
tion of an insoluble carbonate of lead which 
protects the metal from further attack. Thus, 
for examplo, Graham (J. Soc. Chem. Ind. 1851, 

4, 400) found that pyrophoric lead, which is 
simply the metal in a state of exceedingly fine 
subdivision, rapidly renders aerated waters 
poisonous if carbon dioxide is not present, in 
consequence of the formation and solution of 
lead hydroxide, which is soluble to the extent 
of 1 part of Pbl) m 10.0(H) parts of water 
(Pleissner, Chem. Zontr. 1007. 11, 1055). The 
presence of 3 p.c. of carbon dioxide, however, 
prevents the water from becoming poisonous 
owing to the formation of relatively insoluble 
lead carbonate, 1 part of which requires 4 million 
parts of water to effect its complete solution. 
Lead is readily attacked by dilute nitric acid 
in the cold, much less rapidly by by droelilono 
acid, and still less by sulphuric acid under like 
conditions (Hale and Foster, J. See. Chem. 
Ind 1915, 34, 404). , , A 

Yorke, m 1834, had already observed that 
dissolved salts exert an important influence 
upon the solubility of lead m waters. Of these 
the most powerful inhibitors are phosphates, 
such as those of the alkali metals, small quan- 
tities of which almost entirely prevent the solu- 
tion of lead. This is due to the formation of a 
protective layer of lead phosphate which dis- 
solves in water to the extent of only 1 pait in 
7 million parts of water. Carbonates and bi- 
carbonates an; also very effective, and it has 
proved a useful procedure to pass certain 
moorland waters through beds of chalk or 
limestone to reduce their corrosivity. This 
docs not, in all cases, entirely prevent the solu- 
tion of lead, since a mere trace of carbonate is 
not sufficient for the purpose, 4 parts of CaC0 3 
or MgCO s per 100,000 of water being required 
as a minimum. Nevertheless, the procedure is 
highly beneficial (Thresh, r Jhe Examination of 
Waters and Water Supplies, Churchill, 1913 ; 
Liverseege and Knapp, British Association, 
Birmingham, Section B, 1913). Birmingham 
water, which conics chiefly from Wales, is 
treated at its source with powdered chalk for 
the same purpose. 

The foregoing offers an explanation of the 
fact that waters which are temporarily hard 
do not attack lead ; in other words, the lead 
does not pass into solution continuously, sineo 
a coat of insoluble carbonate is formed on its 
surface. Permanently hard waters, on the 
other hand, frequently attack lead rather 
vigorously. Sodium silicate diminishes the 
corrosivity of water. Dissolved nitrates, par- 
ticularly ammonium nitrate, attack lead vigor- 
ously ; but sulphates, chlorides, and acetates, as 
a rule, much less so. Calcium oxide and 
alkalis generally have a marked action; and 
damp concrete ’may produce serious corrosion 
(Gaines, J. Ind. Eng. Chem. 1913, 5, 766). Pure 
rain wator and melted snow resemble distilled, 
water in their activity, but rain waters collected 
in localities where macadam roads are in common 
use are laden with calcareous dust, which reduces 
their activity (Heap). Hence the first rain 
water from such a district, after a spell of fine 
weather, may havo a comparatively slight action 
on lead, whilst that which falls after the air has 
been washed may be expected to act more 


vigorously. On the other hand, rain water 
collected in the neighbourhood of manufacturing 
cities, is charged with nitrates, haloid salts, and 
sulphur compounds resulting from the com- 
bustion of coal, and may or may not be very 
corrosive according to circumstances 

The influence of organic matter upon the 
solubility of lead in water is obscure. It is 
generally believed that waters derived from 
moorland and peaty sources are particularly 
corrosive, and this is usually attributed to the 
presence of peat- acids or of carbon dioxide 
(Thresh). Experiments carried out by Heap, 
on the other hand, suggest that such waters, 
though variable m activity, are considerably 
less active than pure rain or distilled water. 
Indeed, both distilled and rain water exhibited 
in his tests less action on lead after contact 
with peat, even although their acidity was in 
some cases increased thereby. Water contain- 
ing certain forms of organic matter yield, 
after prolonged contact with lead, a floccCfent 
precipitate containing the metal and organic 
material. This tends to deposit on the lead 
surface and to form a loosely attached protective 
layer (Heap). * 

Riso m temperature m general increases the 
solubility of load in water. 

When sheet lead is immersed in a slightly 
acid solution of lead nitrate or acetate it gradually 
disintegrates, becoming loose in structure, and 
ultimately is converted into a spongy crystalline 
i mass, owing to the metal having dissolved and 
I separated out again (sir Heller, Zeitseh. physikal. 
i Chem. 1915, 89, 761 ; Cohen and lleldermann, 

I ibid. 733 ; Creighton, J Amor. Chem. Soc. 
1915, 37, 2064). This phenomenon is charactcr- 
istie both of tin* purest, assay foil and of commer- 
, eial lead (Descli), ami possibly indicates the 
' existence of stable and metastablo allotropes 
i (Cohen), the latter of which dissolves and 
! rccrystallises as the former. Such a hypothesis 
i is, at, any rate, m harmony with the observa- 
; tions of Lambert, to which reference has already 
i been made. 

Lead antiques in museums frequently undergo 
| a gradual disintegration, being converted into a 
white powder consisting essentially of lead 
rarbonate. In such cases chlorides are always 
present in the powder (Matignon, Compt. rend. 
1912, 154, 1619). Lead that has been immersed 
in sea- water and dried so that crystals of salt 
remain attached to the metal undergoes pro- 
gressive destruction, for which the following 
cycle of reactions is suggested : * 

2NaCl+Pb+0-l-C0 a Na,C0 3 +PbCl a 

-> Pb00 8 +2NaCl 

The sodium chloride thus acts as a catalyser, 
and is able to effect, in the presence of air and 
carbon dioxide, the disintegration of indefinite 
quantities of lead. 

Tin . — Metallic tin remains bright and 
untarnished for long periods, both in dry and 
in moist air, at ordinary temperatures. In a 
piece of tin from an aboriginal cemetery in 
Florida, Keller (J. Amer. Chem. Soc. 1917, 39, 
2354) noticed a number of cavities lined with 
small shining crystals, both in the form of thin 
plates and acicular in shape. Those consisted 
of basic chloride SnCl 2 .SnQ. Water is practi- 
cally without action upon tin both in the absence 
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of, and in the presence of, air. Tin is also very 
resistant to the action of dilute sulphuric ana 
vegetable acids, and is thus exceedingly useful 
for protecting iron or stocl from corrosion in 
the manufacture of articles required for culinary 
purposes. Caustic soda attacks it, but sodium 
carbonate, and particularly ammonia, are much 
less corrosive (Hah? and Foster). When alloyed 
with copper or its alloys it. greatly enhances 
their resistance to corrosion (.s ec Bronze, above), 
and it exerts a powerful protective influence 
in other alloys, such as type metal (Meyer and 
Schuster, Zeiteeh. angew. Cheni 1914, 27, 12). 

Zinc. — Ordinary commercial zinc readily 
oxidises in air, and is rapidly attacked by acids. 
Minute quantities of arsenic, antimony, copper, 
and tin, particularly tho lirst. two elements, 
accelerate the corrosion of tho metal. 

Zinc is largely used in the manufacture of 
galvanised iron, and waters passing through 
galvanisod iron pipes or stored in galvanised 
irc*f tanks usually give a reaction for zinc. As 
a rule, however, tins is not in sufficient quantities 
to bo toxic. 

Boiling water attacks zinc (Watson Smith, 
J. Soc. Cliem. Ind. 1904, 23, 475), the hydrated 
oxide of the metal separating out. It. is attacked 
by boiling solutions of sodium chloride, as also 
by hot dilute solutions of alkalis, such as 
sodium carbonate, zinc hydroxide being pro- 
duced. The hydroxide does not form a pro- 
tective layer in these eases, but, being readily 
detached from tho metal, exposes fresh sui faces 
to attack. Dilute solutions of sodium hydroxide 
or ammonia corrode zinc? m the cold, but sodium 
carbonate acts loss vigorously (TIale and Foster. 
See also Report of Corrosion Committee .1. Inst. 
Metals. 1919, 2], 09) •!. N F. 

- CORROSION, PROTECTION OF METALS 
FROM. Of tho metals in common use iron (in- 
cluding steel) is not only the most, corrodible, but , 
because of its extensive and varied applications 
under widely diverse conditions, its protection 
from corrosion constitutes by far the most, 
important case for consideration With the 
other common structural metals and their 
alloys corrosion has in some special coses to be 
provided against, os in the corrosion of.oondenser 
tubes, but, in general, copper, tin, lead, and 
zinc seldom need this attention. 

In order to protect the surfaces of iron and 
steel structures methods based on several 
distinct principles are employed. 

1. Exclusion of the agents causing corrosion : 
aii*, moisture, or water in the case of submerged 
structures. 

This may be accomplished by : — 

(a) Coating with an impervious oil film, or 
asphalt, pitch, &c. 

( b ) The use of paints, varnishes, &c. 

(c) Coating witli another metal not easily 
attacked by the corrosive agents. 

2. By forming a non-eoriodible skin con- 
sisting of porno compound of the metal on its ! 
surface, such as the magnetic oxide (Bower- I 
Barff process), phosphide, or nitride. 

3. By the use of a substanco which greatly ! 
reduces (‘ inhibits ’) corrosion. 

4. Placing the iron in an electro-negative 1 
condition to another metal, so that the former j 
is protected at the expense of the latter, or j 
making the surface to be protected the cathode 


(negative) and furnishing a continuous current 
from an extomal source. 

It will be seen that there is a wide choice 
of methods, but practical considerations limit 
their application. In the case of large structures, 
ships, bridges, tanks, &c., the large surface, 
the fixed character of such structures, and the 
necessity for renewal of the protecting coat, 
determine the use of some form of paint or 
varnish paint. Deposition of another metal is 
applicable to a variety of conditions of use, 
ranging from the ordinary galvanising for tanks, 
roofing, &c., to electro-deposition of nickel, as 
m tho case of bicycle parte. For small articles 
generally, processes of inhibiting, oilmg, and 
formation ot a surface compound arc alternatives. 

Before any system of protection can bo 
properly applied it is essontial that the metal 
surface shall he properly cleaned from dirt, 
mineral oil, rust, (the ordinary ferric oxido 
Fo.j0 3 ), and null scale (the black magnetic 
oxide Fc,() 4 ) Blab's from the rolling millB 
generally show patches of this oxide. Although 
it is an excellent protection against, rusting 
when thinly and evenly coveiing the metal, 
patches of null scale may set up active corrosion 
locally by galvanic action. Further, patches of 
scale an? generally covered with fine cracks 
through which corrosive agents may pass, and 
the patch may scale off, carrying any protective 
composition with it, so that it is essential that 
all scale shall be removed before coating. 

Rust and scale may be removed by mechani- 
cal moans, scraping, wire brushing, and sand 
blasting, the latter being very efficient. Com- 
monly they are removed by pickling tho plates 
in sulphuric acid, 25 p c. in tins acid red rust- 
dissolves, and null scale is thrown off by pene- 
tration of the and, hydrogen being generated 
and forcing the scale from the plate. Arsenic 
m the acid is regarded by many as injurious. 
The plates should then be washed with water 
jets under fair pressure (if the plates are im- 
mersed in still water a ‘ gummy ’ film forms), 
and then stooped in hot. milk of lime to neutralise 
any acid remaining. 

Temporary protection from rusting is com- 
monly done by smearing small articles with 
vaseline or heavy oil. Several processes of 
similar nature, but giving more lasting protec- 
tion, have been patented, the principle of which 
is immersion of the metal at temporaturos up 
to a red heat in various oils, and withdrawing 
while still hot, also spraying of metal hot from 
the rolls with oil. A layer of slaked lime pasted 
on is said to be more efficient than smearing 
with oil, anil one patent has been granted for a 
paste of slaked lime made with a volatile solvent, 
like naphtha. 

Asphaltic and coal-tar pitch compositions 
have great value as preservatives of iron and 
stool. For many purposes tho black colour is 
prohibitive, but for buried pipes, &c., no better 
preservative can bo employed. In 1848 Dr. 
Angus Smith took out his well-known patent 
covering the use of pitch. The pipes were 
preferably first heated, dipped in linseed oil, 
then heated to 300° F., and dipped in hot pitch 
at the samo temperature. He also mentions 
the use of linseed oil as an addition to the pitch 
to koop it of the right consistency, and give a 
tough elastic coating. 
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Undoubtedly the finest material for this 
method of protection is natural asphaltum or 
bitumen, to which enough heavy mineral oil 
has been added to give a tougli and elastic 
film. Pitch from petroleum (“ maltha ’) has 
much the same characters. The Sabin process 
consists in dipping in a hot coating mixture liko 
the above, draining, and then heating for two 
hours in a vertical oven at 400° F. Steel water 
mams up to 5 feet diameter, and in sections 
weighing 5 tons, have been treated by tins 
process in America, and the United Stales Navy 
adopted the process for copper lire mams and 
flush mains, which are rapidly acted upon by 
salt water. It has also been employed for the 
small steel tubing for electric conduits which 
require an elastic and tough coating. 

Heavy coal tar is commonly employed for 
hot dipping of cast-iron pipes. Jn piactice the 
process amounts to distillation of the more 
volatile portions of the tar from the hot pipe, 
leaving a pitch coating, so that success is largely 
dependent on the correct dipping temperature. 
The soft pitch obtainable from tar produced m 
the low temperature distillation of coal will 
undoubtedly prove one of the best commercial 
products m this country. Tar acids and am- 
monia compounds aie both undcsiiablo con- 
stituents of tar for this purpose, as both tend to 
increase corrosion. 

The anti-corrosive or protective paints are 
widely applicable. They may be classified as .— 

1. Lmsecd oil paints, containing some drier, 
and usually also a proportion of varnish. 

2. True varnish paints (enamels) consisting 
maiidy of resins and oil. 

3. Varnishes made from a natural reBin with 
a volatile solvent. Each of the above will 
carry pigment, ol which a large proportion is 
usually iron oxide (Fe^O,). 

4. Asphalts, or coal-tar pitch, with a certain 
amount of boiled linseed oil, ihssolved in a vola- 
tile solvent, sucli as coal-tar naphtha or petroleum 
naphtha. 

In general, whilst tho linseed od paints are 
cheaper and easy to apply, they are not so 
satisfactory as the varnish paints, m which the 
natural gum or rosin reduces the porosity of the 
film. This has been particularly noticed m the 
case of coatings for plates submerged m water. 
Also the more elastic the lund of varnish tho 
better the result. Class 3 constitutes an 
important class of protective compositions 
specially suited to ship use, where tho slow 
drying "ordinary type of varnish can seldom bo 
employed owing to lack of time for drying. 
The volatile spirit rapidly evaporates, leaving 
the resin and oil binding the pigmont. 

Cushman and others, from tho results on 
steel plates in water cairying various pigments 
in suspension, obtained a classification of these 
ingredients of paints into ‘inhibitors,’ ‘in- 
determinates,’ and ' stimulators.’ (Proc. Amer. 
Soc. for Testing Materials, Vols. III. to VIII.,' 
1903- 1908.) The result is, in part, dependent 
on the purity of the pigment, but, broadly, 7.ino 
pigments, chrome green, Dutch process white 
lead, and some Prussian blues fall in the ‘ in- 
hibitor’ class; lamp black, other carbon blacks, 
precipitated barium sulphate ( blancfixe ), ochre 
and bright red oxide, and s6me Prussian blueB 
are ‘stimulators.’ Such a classification would 


appear to have little value if the pigment particles 
aro thoroughly ‘sealed’ in the paint medium, 
but if through porosity, or absorption of water, 
electrical contact between the pigment particles 
aAd the iron is established, the activity of the 
pigments is probably of the order given; tho 
results certainly suggost an advantage of a firnt 
coating with one of the inhibitor class. 

The most perfect protection with paints is 
afforded by enamels (varnish paints or ‘ japans ’) 
which have lieen sieved on to the metal ; a 
good example is seen in cycle frames, &o. Tho 
stoving treatment causes the icsin and oil to 
flow into a perfect film, free from porosity, and 
to set with a fine hard surface. The one objec- 
tion is the liability to chip with a blow. For 
under-water work sieved metal is said to show 
little advantage, and Sabin states that unbaked 
varnish paints are better. 

Coating with another metal less liable to 
corrosion includes zinc galvanising and tin 
plating, both of which arc carried out hy’^fiot 
dipping tho thoroughly cleaned plate in the 
molten metal. Foi more special work electro- 
deposition of copper or nickel (usually on a 
first coating of copper), and of other metals 
is occasionally employed. Electro-deposition 
of zinc is also largely employed for certain classes 
of work, such as frames, &c , for ships, 

TheHo deposits allord a fair protection, but 
even with the best class of nickel plating, as 
applied to cycle parts, rusting under wet condi- 
tions is found to occur. Should the metal pro- 
tecting film become broken, so exposing the 
iron beneath, in most cases tills exposure loads 
to more rapid rusting, as the iron is electro- 
positive to the protecting metal, and galvanic 
action at its expense is set up. Zmc coatings 
an;, however, free from this defect, and as long 
as a good surface of zuie is still in contact with 
the iron, it will bo tho former metal whioh is 
mainly attacked. Tm plate offers a complete 
contrast in this respect. 

A special process for applying zinc is the 
shcrardising process of Cowper Coles. Tho 
cleaned articles are packed in metal vessels with 
zmc dust, a mixture of finely divided zinc and 
zinc oxide, and heated for several hours at a 
temperature below the melting-point of zinc. 
This metal slowly penetrates the iron, and to a 
far greater depth than with hot galvanising ; 
a hard alloy is formed which is practically non- 
corrodible, and is capable of being polished. 

Processes dependent upon the formation of 
a protective skm date from the old Bower-BaUf 
process, where the heated iron was treated with 
steam, so that a film of the black oxide (Fe a O*) 
was formed. The good surface of ‘ Russian 
iron ’ is due to a similar film, and as long as the 
film remains intact, protection is excellent, 
but rusting is accelerated once the film is broken. 
A more recent process is that of Coslett, in 
which /ho iron is immersed in a dilute solution 
of phosphoric acid. Later the inclusion of ft 
subsequent dipping in chromic acid was patented 
by Coslett. Richard and Adams have patented 
a process in which^the article is immersed for 
from 2 to 20 minutes in a solution made by dis- 
solving If lbs. of manganous carbonate in 
boiling phosphoric acid (60 fluid ounces of B.P* 
phosphoric acid to 87 fluid ounces of water). 

Another process aims at the production of a 
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tilm of nitride of iron, the article being heated 
in a suitable gaseous mixture, such os ammonia, 
or treating the highly heated metal in a bath of 
salts which will yield gases capable of forming 
the nitride. f 

Protection by ‘ inhibiting ’ the corrosive 
action almost invariably involves dipping in 
dilute chromic acid. 

One of tho most successful methods of pre- 
venting corrosion, especially m the case of 
boilers and condensers, is that of Elliott Cumbci- 
land. The galvanic action leading to corrosion 
is overcome by inserting insulated iron anodes, 
these being connected to the positive polo of a 
small dynamo ; current always passes from the 
anode to the part to he protected, which forms 
the cathode. A difference of potential of 
6-10 volts is usually employed. In the case of 
brass tube condensers 1 ampere per 500 square 
feet of surface is found to ensuie complete pro- 
tection. In the case of boilers it is found that 
th^ nydrogen set. tree at the cathode plates or 
tubes is very effective in preventing the forma- 
tion of a hard scale. 

Corrosion of Boilers— A serious form of 
corrosion is to ho found in the rusting and 
pitting of the plates and tubes of linih-pressuio 
boilers. Before the adoption of mineral lubri- 
cants, it was supposed that, the decomposition 
of tho lubricating oils by the superheated steam 
in the cylinders caused the corrosion owing to 
the fatty acids liberated, but the same effect 
has been found with hydrocarbon oils, So that 
tho pitting is evidently not due to this cause 

There are several causes which load to the 
corrosion found m boilers, amongst which arc 
ordinary corrosion, set up by tho carbon dioxide 
and oxygen which occur naturally m all water, 
and which act on tho metal when the boiler is 
out of use. This form of corrosion can be 
revented by filling the boiler quite full with 
oiled water rendered slightly alkaline with a 
little lime and closing air-tight whilst at rest. 
The most frequent cause of corrosion in land 
boilors is dissolved salts, or free acids and 
alkalis in the feed water, which become con- 
centrated solutions by ev aporation. Acid waters, 
notably those collected in peaty districts, are 
particularly injurious Nitrates and nitrites, 
chloride and nitrate- of magnesia are salts most 
liable to cause corrosion, Complete analyses of 
the saline constituents of the water can alone 
determine the requisite treatment required to 
prevent corrosive action. Secondly, galvanic 
action, induced by the difference m potential 
between the rust formed by ordinary corrosion 
and the iron, and also by metallic impurities 
in the iron and specks of foreign metals deposited 
upon it. This action can bo prevented to a 
great extent by the use of zinc blocks inside 
tho boiler and in metallic connection with the 
iron of the plates, or by the Cumberland system 
already described. A third cause of corrosion 
is to be found in the solvent action of distilled . 
water upon the metal of the boiler, the aetion 
getting less with increase in the quantity of 
salts in solution in the water. The fourth 
cause arises from high local* temperatures, often 
not far below a dull red heat, and then iron 
decomposes water, forming black magnetic oxide 
of iron and liberating hydrogen : 

4H,0+3Fe»Fe s 0 4 +4H, 


Overheating is most likely to be due to deposits 
or incrustations, and in such cases is checked, 
or stopped, by the sole use of condensed water, 
or a properly softened natural water, for the 
feed. J. S. S. B. 

CORROSION AND FOULING OF STEEL AND 
IRON SHIPS. AND ITS PREVENTION. In the 
days of wooden ships the hull troubles that had 
to be gum ded against were the attacks of wood- 
bonng animals and the loss of speed due to 
the growth of weed and shell at. and below the 
water line ; hut with the launch of tho first 
sea-going vessel built of iron, m 1822, compara- 
tively simple problems became of great com- 
plexity, and at the present time the protection 
of our Navy ami mercantile marine from 
corrosion and fouling is a question of the greatest 
importance, affecting, as it does, both the life 
and speed of the vessels. 

Corrosion. — The troubles due to corrosion 
are by no means limited to the exterior plates 
of the ship, but also affect the interior of tho 
structure, boilers, and condensers. 

The corrosion of iron and steel- is brought 
about by the actions winch ultimately result in 
the conversion of the metal into oxides, and 
those being accelerated by galvanic actions, 
which it. is almost impossible to eliminate in a 
huge metallic struetuio like tho hull of a modem 
ship m the presence of sea water, makes preven- 
tion far moic diflu ult Ilian in the case of an iron 
building or bridge. 

In sea water the process of corrosion is 
accelerated by the salts contained therein, as 
these aid the, galvanic action set up in tho 
metal by various means, such as impurities in 
the iron, the presence of mill scale on the plates, 
high temperature,* or even the different, stresses 
imparted to portions of the same plate, whilst 
in certain waters, such as the mouths of rivers 
on the west coast of Africa, or m harbours 
where the water contains much sewage, the sul- 
phates are decomposed by various vegetable and 
animal organisms with evolution of sulphuretted 
hydrogen, which greatly increases the corrosion 
of the metal. 

The examination of the condition of the 
bottom plates of vessels that hove been at sea 
for long periods, shows, when the protective 
paints and compositions have been removed, 
that three distinct forms of rusting may bo 
distinguished. 

1. Rust patches, generally near tho edges of 
the plates, consisting of small areas of fine ruBt, 
probably causod by moisture on the plate when 
the protective paint was on. These patches 
are never thick, and cause but little damage to 
the plates if all rust be removed before a new 
coating of paint is put on. 

2. Rust nodules are a moro localised form 
of corrosion which has attacked the metal 
where particles of mill scale have been left on 
the surface of the new plate, or where small 
particles of slag or foreign matter have been 
rolled into tho plate during manufacture. These 
give slight pitting of the plate, but seldom to a 

' serious extent. 

3. Rust cones are an accentuated form 
of rust nodules, and aro due to the most local 
form of galvanic action, caused by the presence 
of a spook of deposited copper, lead, or other 
foreign metal, or even a small particle of rust 
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or mill scale left on the surfaoe of the iron, and 
oovered by the compositions used as pro- 
tective® and antifoulers. As soon as the sea 
water penetrates these, galvanic action is set 
up, water is decomposed, rust formed, and the 
escaping hydrogen pushes up the composition, 
forming a blister; the hydrogen escapes and 
water leaks in, the action becoming more and 
more rapid, and the blister gradually tilling with 
the product of tho action — rust. Tho blister 
bursts, but the cone of rust has by this tune set 
fairlv hard, and continues to grow from the base, 
tho layers of rust being easily distinguished in a 
well-formed cone, and when the rust cone is 
detached, the pitting of the metal at the base 
of the cone is, as a rule, found to be of tonsidei- 
able depth. 

Certain portions of a ship’s hull arc exposed 
to special risk of corrosion from galvamc action, 
owing to the hearings of the screw shaft and 
valves for the escape of waste water, bilge, &c , 
being made of alloys containing copper. In 
order to prevent this, zme protectors, consisting 
of heavy masses of the metal, are placed lound 
all openings where copper or copper alloys are 
present, and the zme, being more electro positive 
than the iron, places the iron in the electro- 
negative condition, so that whilst tho iron 
escapes injury the zinc rapidly dissolves. Tho 
Cumberland process {oirtr /tuptn) has been success- 
fully employed in such eases, insulated iron 
anodes being fixed to the hull close to the part 
to which it is necessary to afford protection. 

The general procedure for protecting the 
exterior of the bottoms of iron and steel slops 
from corrosion is to coat them with so-called 
anti-corrosive or protective paints and varnishes. 
In order that tins should be successful, much 
depends upon the state of the hull at the tune 
at which the protective is put on. 

The bottom plates of the newly built vessel 
are thickly coated, as a rule, with null scale or 
magnetic oxide of iron FojO.,, which is formed 
on the surface of the plate during rolling, and 
which, if it remains poifectly intact, would be 
an excellent protective, as it forms, indeed, tho 
basis of the Bower-Barff process for the protec- 
tion of iron ; but during the shearing and riveting 
of the plates this scale gets broken off and exists 
only in patches, which, if left upon tho plate, 
would excite rapid local galvanic action, owing 
to tho fact that this scale is strongly electro- 
negative to the iron, so that it would need only 
the exciting influence of the sea water to start 
the action. 

In naval vessels, the plates are pickled in 
dilute sulphuric acid, as already described, until 
all the scale is removed. In the mercantile 
marine it is an ordinary practice to launch a 
vessel without any paint on the hull, leaving the 
aotive, but fairly even, rusting which ensues to 
remove the scale, the ship being scrubbed 
down and then protective compositions painted 
on when it is docked. 

This method has the advantage of cheapness, 
and also of giving a very slightly roughened 
surface, to which the protective composition 
adheres firmly, and answers well with tramp 
steamers and other craft where Bpeod is not an 
object of paramount importance; but with 
service vessels and liners, slight as the roughening 
is, it undoubtedly has an influence on the speed. 


The hull of the vessel, being perfectly free 
from mill scale, and as free as it can possibly 
be got from the ordinary oxide, is then painted 
with the protective, but for this to prove effec- 
tive the hull must be absolutely dry, a condition 
which it is exceedingly difficult to obtain, as 
tho big mass of iron is generally a few degrees 
in temperature below that of the moisture -laden 
air, and under theso conditions a traeo of 
moisture condenses on the surface, which is 
spoken of as ‘sweating 1 of tho metal, and this 
prevents the proper adhesion of the paint to the 
metallic surface, and also starts rusting under 
the paint. 

Oil pamts are the oldest form of protcctives 
in use, and, when the plates art' painted when 
hot and dry, amongst the best and most lasting ; 
but the drying of such paints, being dependent 
upon tho slow oxidation of the boiled oil by air 
into a resin, requires that a considerable tiuio 
must elapse between the painting of the ship 
and the coating becoming hard enough to alloiy^f 
the anti-foulmg composition being painted on 
over it, and as a rule so short a time is allowed 
for docking that this is a great drawback. 

The old paints for this class of work used to 
consist of red or white lead mixed with boiled 
linseed oil, but it was shown by M. Jouvm that 
with the perishing of the vehicle the lead com- 
! pounds were converted into chlorides and 
1 oxychlorides by the sea water, and these were 
then reduced by the action of the iron of the 
hull with formation of crystals of lead, which 
Heb up galvanic action and led to rapid corro- 
sion. 

Spirit varnish protcctives came into uho 
when it became necessary to cut down the time 
expended in docking, and they owe their rapid 
drying powers to the fact that, instead of 
waiting for oxidation to form a resinous mass, 
os m the drying of boiled oil, a resin is dissolved 
in a highly volatile solvent, being mixed with 
boiled linseed oil to give the necessary elasticity, 
and when this is painted on the hull of the 
vessel, tho rapid evaporation of the solvent 
leaves the resin and oxidised oil binding the 
body colour together. 

Shellac, rosin, kauri, and many other gums 
and rosins are used, whilst the solvents may 
consist of light hydrocarbons, such as the various 
grades of solvent naphtha, alcohol, and even 
fusel oil, but in tho Navy very low flash-point 
solvents have now been discarded owing to the 
danger in storage. 

The drawbacks to the last two classes yf 
protectivcs are that the solvents employed for 
I dissolving resins and gums are mostly affected 
I by water, with the result that if the plates are 
not dry, the resins are apt to lie deposited in a 
pulverulent condition, whilst the cold produced 
by the rapid evaporation of the solvent tends 
to increase the amount of moisture deposited, 
which assists in the deterioration of the coating. 
Alcohol varnishes have, however, the great 
* advantage that they are not so affected by 
moisture on tho metal, or deposited moisture, 
since tho spirit will absorb a moderate amount 
of water. , 

These varnishes also, even. when ary, are not 
impervious to gases and liquids. Under a 
microscope the coating is seen to be full of mmute 
pores, through which the sea water finds it® 
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way to the iron beneath, and, whon once corro- studied in properly equipped marine biological 
eion has been started, the protective coating is laboratories, as but little is at present known of 
gradually forced away from the surface of the the life-history of many of the organisms which 
iron, exposing more metal to be acted upon, are found on a ship’s bottom. The main factors, 
The best results are secured by employing however, are that it is only during the germ or 
several coats of the varnish, and applying it spore period of their existence that they oan 
only m weather favourable to tho operation, attach themselves to the bottom of the vessel, 
plenty of time being given for the thorough and that although the full-grown results are 
hardening of tho material before water comes m found when the vessel is docked, these growths 
contact with it. have taken place m silu. 

In most of the various paints red oxide of The open ocean and the northern seas are 
iron is used to givo body and colour to the comparatively free from these organisms, but 
mixture, and, as it is the same colour as the rust directly inland seas or tropical waters are 
that may form under it, it is very popular with reached they increase to an enormous extent 
the composition manufacturer, and, providing in variety and numbers, and some harbours, 
it be free from acid and soluble sulphates, is such as the port of Kourabaya, are noted for 
unobjectionable ; but perhaps a bettor material the fouling influence of their waters. Moreover, 
would bo the mixture of finely divided zinc and it is found that the period of the year exercises 
zinc oxide, such as is obtained in the Belgian a very important influence upon the fouling 
process of distilling zinc, as, even after the nature of the water, the spring and early summer 
varnish had perished, the zme would •afford a being the chief time for these growths to find a 
farther term of protection. After extensive lodgment on jhr bottom of a vessel, 
trials the U.S Naval Authorities adopted an Tho more common growths are serpuleo, 
anti-corrosive paint of tho following eomposi- generally called coralline, barnacles, mussels, 
tion : gum shellac, 7*9 lbs ; turpentine, 0 0 mcmbran.T. and oysters, usually classified 
gallon ; pine oil, 0 (i gallon ; alcohol, 7| gallons ; together under the name of ‘ shell,’ whilst at or 
dry metallic zinc, i)£ lbs. , white zinc oxide, near the water line are found luxuriant growths 
28 £ lbs. ; the. above making 10 gallons. of Hea grass ( Eulnomoi p/ia rompremi and 

The protection of the interior surface of Zovteru warm a), and towards the bottom ribbon 
the hold of a ship presents some special com- and other weeds, like the tufted weed or bugula, 
plexitios, as it is exposed to the wear und tear flourish 

of taking in and discharging cargo and one has Fouling commences with the deposition of 
to take into consideration such sources of a slight slime on the side of the vessel, which 
trouble os the action of bilge water, the high is apparently of an albuminous nature, and 
tomperaturo, and the presence of foreign bodies contains the germs and spores of various marine 
such as coal-dust and leakages from cargo growths, and is so slight as to escape notice. 
There are throe classes of proLoclives used for Tho first visible sign of fouling oil a ship is 
the interior portion of a ship : the appearance of green grass at the water line, 

Cements ; and this, m bad waters, will begin to show after 

Bituminous coatings ; a few weeks, whilst the growth will spread 

Paints. downwards from the surface for 5 or 0 feet, 

Although cement is very largely used, yet hut rarely extends below 10 feet, os the growth 
there are certain drawbacks attached to it needs plenty of light and warmth, 
which render it by no means the ideal material It is the most- widely distributed form of 
It has a certain amount of porosity, so that any fouling, and appears in nearly all waters, and, 

corrosive liquid penetrates it and aots on the once formed, the grass protects the germs of other 

iron beneath ; its rigidity causes it to come away growths, and so helps on the general fouling, 
from the metal on any strain being thrown on In northern waters fouling seldom goes 
the latter, variations in temperature having the beyond the ‘ grass,’ but in warm climates, 
same effect, and where the coating has parted especially if long in port, ‘ shell ’ soon begins to 
from the iron, corrosion will start and remain appear, unless a really good anti-fouling com- 
unseon until perhaps too late. position is employed for coating the vessel’s 

Bituminous coatings apphod hot are far bottom, 
preferable to cement, but are ratluy more Ships trading to or stationed near the mouths 

troublesome to put on. of rivers often show curious results in the kind 

Fouling of ships and Its prevention. The and extent of the fouling, the marine growths 
question of the fouling of ships’ bottoms is being often killed by the fresh water, but such 
one that has existed from the earliest days, vessels foul again very rapidly when once more 
and was of oven more importance formerly than going to sea, owing to slight deposits of mud and 
it is at the present time, owing to the increase calcium carbonate from the river water, 
in dock accommodation allowing the more With wooden ships the necessity of protec- 

frequent oleaning and painting of the ships ; tion against the wood-boring teredo worm as well 
but even now in the case of war tho loss in as fouling led to the adoption of copper sheatli- 
speed during blockading operations, oVing to ing, and when the metal used was of a fairly 
tne fouling of the vessels, might prove an pure character, it was found to be thoroughly 
important factor in a struggle for supremacy. satisfactory, and not only to give complete 
Fouling consists of various marine growths, protection to the vessel, but also to enable it 
both animal and vegetable, which attach them- to remain at sea for a very considerable period, 
selves to the bottom of the vessel, and by The cost, however, was high, and attempts were 
increasing the skin friction whilst the vessel is made to prevent the excessive waste of the 
in motion, seriously reduce its speed. coppor by using zino protectors, as advocated 

The nature of these growths needs to be by Sir Humphry Davy, but it was soon found 
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that with tho prolongation of the life of the 
copper plates, fouling again became serious, 
whilst when later rolled sheets of alloys contain- 
ing zino, such as Muntz metal, were tried, the 
same trouble again appeared, and it has been 
clearly proved that the power a copper plate 
exercises in preventing fouling is inversely 
proportional to its power of resisting the action 
of the sea water. 

The action of the copper in anti-fouling is 
that, in tho first place, the salts m solution in 
the sea water act upon the copper with the 
formation of chlorides and oxychlorides, the 
former poisonous to all forms of marine life m 
the germ state, whilst the latter formed a co- 
herent pellicle to which the growths attached 
themselves and which was torn off during the 
passage of the vessel through the water by the 
skin friction, thus enabling it to shed any foim 
of growth that might have attached itself to 
tho plate by a process of scaling. 

It wi's found, however, tln^t if the copper 
wero not of the purest, coralline growths very 
soon attached themselves so firmly through the 
surface of the skin of copper compounds that it 
was difficult to remove, and gave points of 
adherence for fresh vegetable growths. 

With the introduction of steel and iron 
slops, as was natural, attempts were made to 
utilise the same form of protection from fouling 
which had proved so satisfui tory with wooden 
ships, and from time to time during the past 
efforts have been directed to sheathing iron 
shipR with copper m the same way. It was 
soon found, however, that this sheathing set 
up such severe galvanic action with the hull 
of tho vessel as to* ho impracticable, and although 
these attempts were abandoned at a very early 
period in the mercantile marine, the naval 
services of several countries have tried its use 
for service vessels, the gcnoi ally adopted method 
being to sheathe the iron hull with wood and to 
attach to this the copper m such a way as to be 
insulated from tho electro-positive iron, but if 
water penetrated tho insulation was broken 
down. The alternative of saturating dry wood 
with paraffin wax has been suggested. 

With increase in dock accommodation, the 
tendency has *bccn more and more towards the 
use of anti-fouling paints or compositions, 
which could be painted on over the protective 
coating of the vessel, and a number of com- 
positions have been placed on the market with 
varying success for this purpose. 

When anti-fouling paints were first manu- 
factured, the only fact at the service of tho maker 
was the experience which had been gleaned from 
oopper sheathing, and on the assumption that 
the action had been due to the poisonous 
character of the chloride and oxychloride of 
oopper produced on the plates by the salts in 
the sea water, compositions wero made contain- 
ing large quantities of corrosive metallic poisons, 
which, held in a varnish of a more or loss lasting 
character, gave the protection from fouling for 
a few months 

As has already been pointed out, tho action 
of the oopper sheathing was due to two causes : 
first, the poisonous action of the copper salts 
on the germ life ; and, secondly, the stripping 
of the pellicle by skin friction when any quantity 
of growth had formed on its surface, an action 


termed ‘ exfoliation. ’ How important this latter 
action was may be judged from the fact that 
when the vessel remained at anchor in a harbour, 
tho sheathing would last from 10 to 12 years, 
whilst when on active service the Bame sheathing 
would last for only 4 or 5. 

Finding that poisons alone gave very 
unsatisfactory results, the manufacturers of 
anti-foulmg compositions began to make perish- 
able varnishes and grease paints, which should, 
by the deterioration and wasting of their 
surface, imitate as nearly as possible the ex- 
foliation of the copper sheathing, and such 
anti-foulers gave under certain circumstances 
much more successful results. The idea was 
that the ship, having been coated with a pro- 
tective paint or composition to preserve tho 
iron, a second or more coatings was put on 
over the protective, consisting of varnish paints 
which should slowly yield soluble poisons to the 
sea wtiter, and in doing so would lead to the 
disintegration of the varnish surface, wvach, 
being washed off, exposed fresh quantities of 
the poisons to the water. 

Such compositions proved very satisfactory 
in the mercantile marine, and all the time 
that a vessel was actively engaged in going 
from port to port gave excellent results, but 
directly these same compositions, which had 
gained a reputation in the merchant service, 
were tried on Service vessels, they were found 
to be as unsatisfactory as those which before 
had boon m use. The reason for this failuro is 
evident. Take the ease of a liner trading 
between New York and England : she is run at 
a high speed between these two ports for the 
main portion of her life, remaining m the basin 
for as short a period as possible in order to 
utilise to the full her money-raining capacity ; 
for such work it is easy to arrange an anti- 
foulmg composition, winch, with the aid of tho 
skin friction of the vessel, would cause just 
sufficient wasting of the coating to give the 
best results. When, however, tins is applied 
to a Service vessel, she probably goes out from 
dock into the basin and i emams there stationary 
for perhaps months, and then goes to sea, whero 
she is kept mano'uvnng at various rates of 
speed for a considerable period. During the 
period she is in the basin, the composition 
undergoes practically no wasting, and a thin 
film of carbonate of lime and mud deposits on 
tho surface, which forms an excellent foothold 
for ary germs and spores that may be in the 
water, and which, on going to sea, have often 
advanced too far for the growth to be readily 
got rid of. 

The bad results so obtained led to a com- 
position being put on which wasted with suffi- 
cient rapidity to prevent any such deposition 
in harbour, with the result that when the vessel 
went to sea, the deterioration being accelerated 
to an enormous extent by ekm friction, the 
composition was practically all exhausted in a 
very short time. 

The most efficient anti-foulmg compositions 
all contain copper or mercury as the poison. 
In some cases soluble salts of these metals are 
employed with a fairly strong and lasting 
varnish ; in others oxides or insoluble salts are 
used with varnishes which perish more rapidly 
on their surfaces and allow the aotion ol the 
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sea water to convert the compounds into 
soluble salts. 

it is evident that with compositions con- 
taining such metallic compounds every atten- 
tion must be paid to the protection of tho hull, 
as otherwise the formation of soluble salts of 
copper and mercury might result m tho deposi- 
tion on the iron of these metals by reduction, 
in which case rapid galvanic action would be 
set up, and would lead to serious pitting of the 
plates of the vessel. 

Tho compositions of the present day may be 
divided into two classes : 

1. Crease paints containing a metallic 

poison ; 

2. Quick-drying vainish paints, also charged 

with the same poisonous constituents. 
Tho former class has met with a considerable 
degree of success, but they have also several 
very serious draw hacks As regards the pre- 

vention of fouling, they give results not very 
faiir’re moved from the best varnish paints, 
and in certain waters, su< h as the Mediterranean, 
have proved themselves to be excellent anti- 
foulers, but they undoubtedly increase the skill 
fruition of the vessel, and so tend to diminish 
speed ; whilst a second trouble is that, although a 
varnish paint may often be scrubbed and touched 
up where fouling has been but slight, with a 
grease paint the whole has to he removed before 
recoating, and they are much more costly than 
tho varnish paints, with the result that in the 
merchant service they are used only to a very 
limited extent. Another drawback to their use 
is that it is impossible to properly seiapo and 
recoat tho vessel during the short period of 
docking which would sulhee for a vainish 
paint. 

In the manufacture of varnish paints it- is 
necessary to mix with tho solution oi gum or 
resin in a volatile solvent a sulluient proportion 
ot linseed oil to give elasticity to tho vehicle, 
and these paints have been in use in England 
sinoe about 1K70, the greatest advance m them 
being duo to tho introduction of the hot process 
in their manufacture, which enables a moro 
intimate mixture to be made with greater 
adhesive power and a smoother surface. 

The rate at which disintegration of these 
paints takes place is governed largely by the 
kind of gum used in the varnish, and by the 
amount of mineral matter introduced as colour- 
ing and poisonous material, the solubility of 
those having a considerable influence vu the 
rate of disintegration. 

With a tough and tenacious vehicle, which by 
itself would undergo but little disintegration 
under the action of sea water, it is quite possible 
to use soluble mercury or copper salts, which are 
liberated only very slowly during the gradual 
destruction of the varnish. On the othor hand, 
if a rosin varnish be employed, insoluble bodies, 
like the oxidos of copper and mercury, the sub- 
chloride of mercury, or Schcele’s green (Copper 
arsenite), may bo used, the oxides and other 
salts, when exposed to the sea water, being very 
slowly converted into soluble chlorides. 

Many compositions contain arsenic and 
arsenic compounds, such as stidium arsenite, as 
these had been found effective as weed killers 
under ordinary conditions, and it was expected 
that in a composition they would prevent the 


growth of grass at the water line, which, as it 
caught the oye, gave the impression of the 
ship being very foul. Experience showed, 
however, that the arsenic haa but little effect, 
and mercury and copper still remain pre-emi- 
nently tho metallic poisons of the greatest 
value m anti-foulers. H. Williams, Naval 
Constructor, U.S. Navy, has given the following 
composition for a paint adopted with great 
success for naval vessels : grain alcohol, 6 
gallons ; gum shellac, 13 'l lbs. ; turpentine, 

1 gallon ; pine- tar oil, 1 gallon ; white zinc 
oxide, I3 1 ] lbs. ; Indian red, 13^ lbs. ; red oxide 
of mercury, 4| lbs. It was found that tho cost 
of tins paint was only 0110 -tlnrd of the price 
ehaiged for tho proprietary paints. 

hi some anti-loulmg varnish paints the 
poisonous metals themselves have been carried 
in a very line state of division, some pamts 
containing very finely divided copper, precipi- 
tated from the solution of a copper salt by iron 
or zinc , whilst others contain metallic mercury 
in a comminuted condition, obtained by adding 
stannous chloride to the solution oi a mercurous 
salt; these paints, however, show but little 
advantage over those containing salts of the 
metals. 

One of the most difficult portions of the ship 
to deal with is what is known as the ‘ boot top,* 
that is, the poitiou between the heavy and 
light load hue, as when a ship is discharging 
ottigo the anti-fouling composition over this 
portion is exposed to the sun and rapidly perishes 
and peels off, wlidst when tho ship is again 
loaded, it is once moro immersed, and tho 
alternate action of sunshine and air and soa 
water perishes the paint at the very spot where 
it is most likely to ho abraded by contact with 
lighters, and barges, tho result being that it is 
often necessary to touch up this portion of the 
vessel with paint duimg the voyage, and as good 
anti-loulmg pamts are rarely earned for this 
purpose, this poitiou of the ship is often painted 
with ordinary paint, anil lienee is liable to more 
damage than other parts of the vessel. 

V. B. L. 

CORROSIVE SUBLIMATE { Mucunc chloride) 

V. M Elio (JR Y. 

CORUBIN o. Abrasives. 

CORUNDUM. ( Corindon , Fr. ; Korund, Ger. ; 
from the Sanskrit name Icoruud.) Crystallised 
alumina (Al 2 () 3 ). The crystals belong to the 
rhombohedral system, and are isomorphous 
with h.ematite ( Fe 2 0 3 ). They vary considerably 
in habit, having the form of hexagonal prisms, 
pyramids, or tables. In somo crystals the 
combination of six faces of the primary rhombo- 
hedron with two faces of the basal plane pro 
dunes a form strikingly similar to the regular 
octahedron. There is no true cleavage, but 
often the crystals and crystalline masses show 
a pseudo-cleavage or parting parallel to the 
basal plane or to one or more faces of the primary 
jhombohedron, duo to lamellar twinning on 
these planes. On these surfaces the lustre is 
sometimes pearly, but otherwise it is usually 
vitreous, or inclining to adamantine in character. 
The fracture is uneven to conchoidal ; and the 
sharp jagged edges of the irregular grains give 
effect to the cutting power of tne material when 
used as an abrading agent. Analyses show the 
presence of 95-99 p.c. of alumina, with small 
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amounts of ferric oxide, magnesia, silica, 
water, &c., and sometimes traces of chromium. 
Sp.gr. 3'9-41. The crystals are optically 
uniaxial and negative ; refractive indices for 
sodium light «= 1*7690, €=1-7598. The di- 
chroism is marked. Next to diamond, it is the 
hardest of minerals, being placed as No. 9 in 
the scale of hardness ; on this account it was 
formerly known as adamantine spar. 

A distinction is made between the transparent 
‘ precious corundum ’ and the dull, opaque 
‘ common corundum,’ while a third still less 
ure variety is known as emery (q.v.). This 
ivision also corresponds with the economic 
uses of the mineral, 1 precious corundum ’ 
being used for gem-stones, and ‘ common 
corundum ’ and emery for abrasive purposes. 
Tho pure, woll-ciystallised material is perfectly 
colourless and transparent with a high degtee 
of brilliancy. Traces of inorganic impurities, 
however, produce a wide range of colours, 
which are more vivid in the stones of gem- 
quality, namely red (ruby), orange and yellow 
('oriental topaz’), green (‘oriental emerald’), 
blue and indigo (sapphire), and violet (‘ oriental 
ainethyNt ’). Parti-coloured stones are not 
uncommon. The colom of common corundum 
is usually grey or brown. • 

Corundum is not a widely distributed mineral, 
but it is found m abundance at certain localities. 
It occurs in igneous and metamorplue rocks, 
such as granite, syenite, gneiss, pendotite, and 
serpentine, and in crystalline limestones. 
Material of gem quality is usually collected as 
water- worn pebbles m gravels derived from 
these rocks. Material for gem-stones and for 
abrasive purposes is not, as a rule, mined in 
the same localities. Taking first the localities 
for the gem -varieties, the following may be 
noted as a few of the most important. The best 
rubies are obtained from the famous mines 
near Mogok in Upper Burma, where they occur 
in a white crystalline marble near its contact 
with gneiss ; they are mined in this rock and 
also m its products of decomposition. Dark- 
coloured rubies are obtained with sapphire from 
alluvial deposits in the provinces of Chantabun 
and Krat in Sia;n. Stones of good quality have 
also been mined together with common corundum 
in Macon Co., North Carolina. Tho best 
sapphires come from the gem-gravels of Ceylon ; 
other localities of importance are Siam anil 
Kashmir. Dark-blue and grcemsh-blue sap- 
phires occur abundantly in gravels near Anakie 
in Queensland ; while paler stones of various 
shades (’fancy stones’) are plentiful in the 
neighbourhood of Helena in Montana. 

Common corundum as used for abrasive 
purposes (apart from emery, q.v.) was formerly 
mainly mined in the United States ; later tho 
Canadian deposits came into prominence ; whde 
now the latter are being ousted by the artificial 
products carborundum and alundum. India 
nas also since remote times produced a certain 
amount which has been largely used by the 
natiyfe lapidaries. In the Unitod States tho 
corundum deposits extend along the Appala- 
chian Range from Alabama to Massachusetts, 
reaching their greatest development in North 
Carolina and Georgia, Here they occur in 
peridotitee near their contact with gneiss. In 
Canada a belt of corundum-bearing syenites 


(nepheline and related alkaline syenites), associ* 
atea with the Laurontian gneisses, extends for 
100 miles across Renfrew, Hastings, and Haii- 
burton counties in Ontario, the prmcipal mining 
district being near Craigmont in Renfrew Co. 
Large rough crystals of corundum are abundant 
m gneiss in Madagascar and at Steinkopf in 
Namaqualand, South Africa. More recently, 
important deposits have been discovered and 
worked in the Zoutpansberg and Petersburg 
distiicts in northern Transvaal. 

The corundum- bearing rock as mined is 
crushed between hardened steel rolls and the 
heavier corundum separated in water by means 
of jigs and concentrating tables. It is sifted 
into dillerent grades oi fineness and used 
(1) as loose giams ; (2) mixed with glue or other 
soft cement as a coating on paper or cloth ; 
and (3) us corundum-wheels for grinding. The 
last named are of three classes : (a) The 

‘ vitrified wheel,’ m which the corundum is 
mixed with clay and baked at a high tcmperatiu*, 
with tho result that the grains of corundum are 
set in a matrix of poicelaiu. (b) The ‘ chemical 
wheel,' in winch sodium silicate is the binding 
material, (c) The ‘ cement wheel ’ with shellac, 
rubber, linseed-od, &c., or magnesium oxy- 
chloride. Another use for corundum, depend- 
ing on its baldness, is for the pivot supports for 
watches (watch-jewels) and other dehcato 
instruments, tho poorer qualities of gem- 
material being used for this purpose. Although 
corundum is the richest ore of aluminium, there 
are difficulties m its use for the extraction of 
the metal. It lias, however, been used directly 
m the preparation of aluminium- copper and 
aluminium -iron alloys. 

Tho artificial preparation of crystallised 
corundum was first «**flcotod by M. A. Gaudin, 
m 1837, by decomposing potash-alum with 
charcoal. It has since then been pioduced by 
a variety of methods, and is now manufactured 
on a large scale both lot use us gem -stones and 
for abrasive purposes. Beautiful crystals of 
ruby were prepared by E. Fromy and Fed, in 
1877, by heating a mixture of alumina and •red- 
lead with potassium dichromato in a porous 
fireclay crucible ; a fusible aluminato of lead 
was thereby formed, which was decomposed by 
the sdica of tho crucible with the separation 
of crystallised alumina. Tho crystals so ob- 
tained, though of some size, good colour, and 
perfectly transparent, were unfortunately too 
thm foa cutting as gems. A far greater measure 
of success was achieved by A. Yerneud in 1902, 
who has produced fine gems of all colours 
(v. Gems, Artificial). Interesting experiments 
from a petrological point of view were con- 
ducted by J. Morozewicz in 1898, in which he 
obtained crystallised corundum in silicate 
magmas supersaturated with alumina. Artificial 
corundum, used as an abrasive under the trade 
name of alundum (aloxite, adamito), is now 
manufactured on a largo scale at Niagara Falls 
by fusing bauxite m an electric furnace. ‘ Coru- 
bin ’ is also an artificial corundum, formed as a 
by-product in the Goldschmidt thermite process. , 

References. — A. E. Barlow, Corundum, its 
Occurrence, Distribution, Exploitation, and 
Uses, Canada, Dept. Mines, Geol. Survey, Mem. 
57, Ottawa, 1915, 378 pp. (with special reference 
to the Canadian deposits) ; T. H. Holland, 
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Trans. Geol. Hoc. S. Africa, 1919, xxi 37 : M. Gadamer, Ziegenbem, and Wagner extract the 
Bauer, Jidelstemkunde, 2nd edit., Leipzig, 1909, ground root with alcohol, distil off the solvent, 
and English translation by L.J. Spencer, London, dilute and acidify the residue with acetic acid. 
1904 ; Sappluro-Mimng Industry of Anakie, After liltering, the acid filtrate is punfiod by 
Queensland, Bull. Imp. Inst., London, 1916, extraction with ether, then made ammoniacal, 
xiv. 253. L. J. S. and the alkaloids extracted by means of ether. 

CORYBULINE, CORYCAVINE v. Colt y da- Prom the ethereal solution, after most of the 

solvent has been distilled oft, a mixture of 

CORYDALINE AND THE CORYDALIS corydaline, bulbocapmuo, corycavme, and cory- 
ALKALOIDS. These alkaloids occur in the bulbmo is deposited ; those are separated, in 
roots of the Cory tluhs luberosa (DC ) (syn C the order given, by successive extractions with 
cam, C. bitlbom, linlbocapnuts cava*), belonging boiling alcohol. More corydaline is obtained 
to the Puraanaceiv , and also m some other from the mother liquor on further concentration, 
species of this genus (C. amity tut, C. tinny t, O The residue evaporated to dryness is converted 
nohlis). Corydaline was discovered by Wae ken- into hydrobronudes and, fractionally precipi- 
rodor, in the year 1826 ; and forty years latei tated with ammonia, this treatment giving more 
Wieke (Annalen, 1866, 137, 274) described the corydaline, and also corybulbme, tsocorybulbine, 
alkaloid more fully, assigning to it the formula coryeavammo, corycavme, corydine, and bulbo- 
C 1S H 1B 0 4 N. An investigation by Adermann capnine, in the order named. Corytuberine 
(lnaug. Dissert, Dorpat, 1890) indicated that remains m the ammoniacal solution, and is 
O. cava contained three or four different alka- obtained bv extraction with chloroform after 


louls, and the formula C_, 0 1I 23 () 4 N was attributed 
to the on(5 winch is now regarded as corydaline I 
This base was more completely examiued by 
Dobbie and Lauder (Chem. Soe. Trans. 1892, 
61, 244, 605), and by Kreund and Josephi 
(Annalen, 1893, 277, 1), who respectively ascribed 
to it the formula G 22 H„,() 4 N and G 22 1I 27 () 4 N, 
the latter being probably the more correct 
formula. About the same tune Freund and 
Josephi isolated three other alkaloids from 
(J. cava roots, namely bulftomjnnnc, corycavine, 
and corybullnnc ; whilst Dobbie. and Lauder 
described a fifth, cort/lubenne (l c 1893, 63, 485). 

Several other corydalis alkaloids have since 
been isolated, the chief of which are dckydto - 
corydaline, iso corybulbmc, cotycavamtne, cory- 
cavidinc , and corydine. Gadamer, Ziegenbem, 
and Wagner have classified the principal alka- 
loids into the following three groups : — 

{ Corydaline . . C 2S H 27 0 4 N 

Debydrocoryduline • G 22 H 23 () 4 N 

Cory bul bine . . G 21 H 26 0 4 N 

i'soCorybulbino . C 21 II 25 0 4 N 

(Corycavine . . C 23 II 23 (LN 

(2) | Coryeavammo . C^lLjOgN 

( Corycavidino . C 22 11 26 0 6 N 

I Bulbocapmne . . C lg ll 19 0 4 N 

Corytuberine . - C 1# I1 21 0 4 N 

Corydine . . C 20 H 23 O 4 N 

wfoCorydino . . C, 0 H 23 O 4 N 

The alkaloids in the first group are of weakly 
basic character, those in tin? third are strong 
bases, and the members of the second group 
are intermediate m this respect. All are olidised 
bv iodine, the first group yielding berberine- 
like compounds, except in tho case of dehydro- 
corydaline, which is, itself, already such a com- 
pound. The third group all contain phenolic 
hydroxyl, and are therefore dissolved by alkalis. 

Protopine and two other alkaloids, one of 
whioh has the formula C 80 H, 7 O 4 N, and is 
isomeric with berberine, have Been found in 


evaporating the solution to a syrupy consistency. 
To purify the crude corydaline it is converted 
into the hydrochloride and precipitated, together 
with some corycavme, from an aqueous solution 

I by addition of alkali ; any bulbocapmuo present 

I remains in solution, and can be recovered by 
passing carbon dioxide into the alkaline liquid. 
'The corydaline and corycavme may then be 
separated by repeated crystallisation from 
absolute alcohol ; corydaline, being tho more 
soluble of the two, accumulates in tho later 
fractions. 

Corydalis roots have been used in pharmacy, 
and are credited with antipenodic properties. 
The alkaloids have a narcotic effect, but are 
not employed in medicine. Tho members of 
the three gioups above-mentioned are closely 
related in physiological action as well as chemical 
constitution. According to Peters (Arch. expt. 
Path. Pharm. 1904, 61, 130) and Gadamer 
(Arch. Pharm. 1905, 243, 147), the alkaloids of 
tho corydaline group produce paralysis of the 
spinal cord, and those of the corycavine group 
stimulate the motor centres ; whilst the members 
of the bulbocapnme group give rise to increased 
reflex action. All except corytuberine induce 
in frogs narcosis like that due to morphine, and 
have a prejudicial effect upon the action of the 
heart. It has been suggested that bulbooapnine 
may be useful as a narcotic in veterinary prac- 
tice, in the case of animals on which morphine 
has a stimulating effect. 

Group 1. Corydaline 0 22 H 27 0 4 N crystallises 
from alcohol in hexagonal prisms, m.p. 134 - 5°, 

*f“]^ U +317 0 in chloroform or +310° in alcohol. 
It dissolves easily in ether, chloroform, carbon 
disulphide, benzene, or warm alcohol, but is 
sparingly soluble in cold , alcohol, and insoluble 
in water or alkalis. Corydaline and its solutions 
are quiokly coloured yellow by the action of 
light or heat. It gives well- crystallised salts. 
The aurichloride (B'H01) 2 Au01 8 crystallises from 
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dilute alcoholio hydrochlorio aoid as orange- 
coloured needles, m.p. 207° ; the plalimchlonde 
(B-HCl),PtCl 4 forms brown crystals, m.p. 227° ; 
the hydrochloride, B\HCl,2H a O, columnar crys- 
tals, m.p. 206°-207° ; and the ethyl mlphate 
B'CjHrHSO.HoO, largo colourless prisms, m.p. 
152-5°. * 


On oxidation with iodine in alcohol corydaline 
yields dehydroeorydahne, which occurs with it 
in Corydalis iubcrom (Schmidt, Arch. Pharm. 
1908, 246, 575). Four mcthoxyl groujis are 
present in corydaline, and the base contains a 
tertiary nitrogen atom, since it reacts with 
methyl iodide to form corydaline mcthioclulo 
B CH a I. Oxidised with permanganate, it gives 
eventually hemipinic and ww/a-liemipinic acids, 
showing the presence of two benzene nuclei in 
the molecule At the same time, another 
oxidation product, corydaldme CjjH ri 0. t N, is 
formed ; and from the constitution of this the 
presence of an isoq uinolinc nucleus m the original 
alkaloid is inferred. 


On oxidation of corydaline with dilute nitric- 
acid instead of permanganate, dehydrocory- 
daline is first produced. One of the benzene 
nuclei is next destroyed, and a yellow dibasic 
acid, corydic and C, s H J7 O 6 N+£H 2 0, is formed 
When corydic acid is in turn oxidised with 
permanganate, it yields first an insoluble, 
colourloss, tribasic acid (! j7 H u O K N, corydilte 
acid, and eventually mr/nhemipinic acid, and 
a methyl pyridine tricarboxylic acid, which 
latter on further oxidation is converted into 
pyridine-2 -.3:4: fl-totraoarboxyhc acid 
C g lI 6 O g N. The position of the methyl group 
in the tricarboxylic acid is thus indicated ; and 
from this and the foregoing results the following 
constitutional formula? for corydaline and 
dehydroeorydahne are deduced (Dobbio and 
Lauder, Chem. Hoc. Trans 1892, 01, 005; 
1894, 65, 57; 1897, 71, 057 ; 1899, 75, 070; 
and 1902, 81, 145) 


H 

Il[ 2 

Me0f*% / ' n 


, X nOMO 

y'OMe 

ifi(Me) 


MeOi 


V v 


MoO, 


McO 



jOMo 

lOMo 


Corydaline. 


Deliydrocorydallne . 


This formulation indicates the close relation- 
ship shown by these alkaloids with tetrahydro- 
berberine and borberino respectively. The 
former differs from corydaline only in having a 
dioxymethylene group substituted for the two 
methoxyl groups in ring 4, and a hydrogen 
htom for the methyl group in ring 2. Between 
the absorption spectra of corydaline and tetra- 
hydroberberine there is also a very close rela- 
tion ; in fact, the only difference is that the 
general absorption shown by tetrahydrober- 
berine is slightly greater than that of corydaline 
(Chem. Soo. Trans. 1903, 83, 598). 

By” reduction of dehydroeorydahne two 
optically inactive corydalines are produced, 
r-oorydaline, m.p. 135°, and r-mesocorydaline, 
m.p. 158°-159°, the two compounds being 
Btereoieomerio. The former is obtained when 
an aqueous solution of dehydrocorydaline hydro- 


chloride is treated with platinised zino and dilute 
sulphuric acid at the temperature of the water- 
bath. Its sulphonic acid can readily be resolved 
by means of brucine into the corresponding 
l- and d-salts. r-Mesocorydaline is obtained to- 
gether with its isomeride under milder conditions 
of reduction, by keeping an alcoholic solution of 
dehydroeorydahne hydrochloride with zinc-dust 
and sulphuric acid at the ordinary temperature 
until it is decolourised. The separation of the 
two bases is easily effected by crystallisation 
from ether, the r-mesocorydaline alone separating 
(Gadamer and Klee, Arch. Pharm. 1910, 254, 
295). By means of the eamphorsulphonate it 
can be resolved into active components, but 
neither the /-form nor the tZ- form is identical 
with natural corydaline. 

Dehydroeorydahne C 22 H 2; ,0 4 N occurs in the 
roots of C. tvberosa, < 7 . amhigna, C. solid a, and 
C. vernyi. From eoiydalme it is produced by 
the action of mild oxidising agents, such 1 ) as 
dilute nitric acid. It is a yellow crystalline 
powder, m.p. 112°-113° (deomp.), and gives 
crystalline salts ; the auriehlorido B-HAuC 1 4 
forms red- brown needles, m.p. 219°. It gives a 
crystalline oxime, m p. 105° ; and, like berberine, 
unites with one molecule of chloroform, yielding 
a eolouileas crystalline compound, m.p. 164°. 
Hoars ascribes the formula to 

dehydroeorydahne, and regards the alkaloid as 
having a keto-strueturo when in the freo state, 
but as being a quaternary base when in solution 
(Arch Fharm. 1905, 243, 105). 

Corybulbine was first separated by Freund 
and .losophi (/ c.) from commercial corydaline, 
and more fully investigated by Dobbio and 
Lauder, who assigned to it the formula C 21 H 25 0 4 N 
(Chem. Soe. Trans. 1894, 05, 25). It is soluble 
in boiling alcohol, from which it separates, on 
cooling, as a fine crystalline powder, m.p. 238°- 
240°. It is practically insoluble in water, 
sparingly soluble in ether and in methyl alcohol, 
readily m carbon disulphide, chloroform, and 
hot benzene. The solution in chloroform is 
dextrorotatory, [a]^°-{- 303 -3°. Corybulbine gives 
well-crystallised salts ; the hydrochloride B'HCl 
forms yellowish prisms, m.p. 245°-250°. On 
oxidation with iodine in alcohol corybulbine 
gives dchydrocorybulbinc 0 21 H 21 0 4 N, m.p. 210°- 
211°, and on treatment with bydriodic acid 
furnishes 3 molecules of methyl iodide. On 
methylation with methyl iodide in the presence 
of potassium hydroxide, it yields corydaline, so 
that it differs from the latter only in containing 
an — OH group in place of an • — OMo group, 

{ trobably in tho woquinoline nucleus (Dobbie, 
.■auder, and Paliatseas, Chem. Hoc. Trans. 1901, 
79, 87). 

wo-Corybulbine C 2 JI 26 0 4 N, first obtained 
by Gadamer, Ziegenbein, and Wagner, and 
subsequently exammed by Bruns (Arch. Pharm. 
1902, 240, v 19), crystaliiRes from alcohol in 
voluminous leaflets, m.p. 179°-1 80°, [a] D -f 299*8° 
In chloroform, and on oxidation with iodine 
in aloohol yields dchydroisocorybvJbine 
C 21 H 21 0 4 N 

The latter resembles dchydrocorydaline and 
dehydrocorybulbine, and its hydnodide reduced 
with zinc and sulphuric acid gives t-wocorybul- 
bine, m.p. 165°-167°. Three methoxyl groups 
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are present in wocorybulbine (cf. Bruns, idem. 
1903, 241, 634). 

Group 2. Corycavine C 23 H 23 O a N was first 
obtained by Freund and Josephi (Annalen, 
1893, 277, 15). It is insoluble in water and in 
alkalis, sparingly soluble in cold, but more 
readily in hot absolute alcohol, from which it 
crystallises in rhombic tablets, m.p. 218°-21fi°; 
tho alkaloid is optically inactive. The hydro- 
chloride B\HC1,H 2 0 forms broad needles, m p 
219° ; tho hydriodide BHI.H.O has m.p 236° ; 
and tho aurirhloride BTIAu( ' 1 4 has m p. 178°- 
179° (decomj) ). With methyl iodide it reacts 
as a tertiary base, the moth iodide produced 
forming rhombic tablets, m p. 218°. Corycavine 
contains a dioxymethylene group, but no — OH 
or — OMe group (Ziegcnbein, Arch. Pharm. 
1890. 234, 523 ; and Goebel, idem. 1910, 248. 207). 

Coryravamine C, 1 H 21 0„N, like corycavine, 
contains no methoxyl group, but probably a 
dioxymethylene group. It is a crystalline base, 
farming rhombic columns, m.p. 149°, and has 
[“l^+lOOMi 0 in chloroform; but on heating 
at 180°, or by warming with acetic anhydride, 
it may be converted into an optically inactive 
modification, m p. 213°-214°, resembling crypto- 
pine (Gadamer, Ziegenbein, and Wagner, Arch. 
Pharm. 1902, 240, 81) 

Confcavidwc 0 2 .H, 5 O.N has been described 
by Gadamer ( idem 1911,249,30). The mixed 
amorphous alkaloids of C cam on conversion 
into thiocyanates can be separated into two 
groups, one giving crystalline thiocyanates, 
soluble with difficulty in alcohol, the other readily 
soluble, and amorphous From the second 
group eorycavidme was isolated Tt is crystal- 
line, and has m.p. 212 0 -213°, 203-1° m 

chloroform. It appears to he corycavamino. 
in which a dioxymethylene group is replaced 
by two methyoxyl groups. Like eorycavamme, 
it is converted on heating into tho optically 
inactive form, m.p 193°-195° after recrystallisa- 
tion ; the cliango occurs at 209°. Ooryoavidme 
crystallises from hot chloroform with 1CH01 3 
on addition of alcohol. It forms a crystalline 
hydrochlorido and nitrate. Tho aunchlorido 
BHAuCl* is a Ted powder, which sinters at 85° 
and molts at 170° (doeomp.) ; 
v,f Group 3. Bulboc.aymine C 19 H, 9 0 4 N was 
obtained by Freund and Josephi from the roots 
of Corydatis cava (Annalen, 1893, 277, 10). 
It separates from hot absolute alcohol in 
fhombio needles, m.p. 199°, 237-1° in 

ohlordform, and yields crystalline salts. The 
hydrochloride B HC1 forms needles, m.p. about 
270° ; tho hi/drohromtde B'HBr has m.p. 260°- 
270°; the hydriodide BHI, m.p. 230°-270° ; 
and tho plaMnichloride, m p. 200°-230° (decomp.). 
The methiodide B‘0H 3 I forms shining needlos, 
m.p. 257°. 

Bulbocapnine is insoluble in water, but 
dissolves in alkalis, and is preoipitated'from itg 
solutions in these by addition of carbon dioxide 
or ammonium chloride. Its four oxygen atoms 
are aocounted for by the presence of a mothoxyl, 
a hydroxyl, and a dioxymethvlene group 
(Gadamer and Kuntze, Arch. Pharm. 1911, 
249, 503, 598). Further, 4 exhaustive methyla- 
tion ’ gives rise to 3 : 4-dimethoxy-fi : 6 -dioxy- 
raethylene- 8 -vinyl-phenanthrene, which brings 


bulbocapnine into clnso relationship with apo- 
morphine. The same authors have investigated 
the other members of this group, and assign the 
following formulae to the four alkaloids con- 


cemed (ibid. 641) : — 

H 2 jjNMe 

Meo( + A X' 

H,„NMe 


’A AAA 

Oil f 

OH 1 || 

o'] ) 

Me0 \/ 

011,-6 

MoO 

lJiilhocaiminc. 

Corytuberino. 


H 2 iiNMe 

H 2H NMo 

' / \/ x A \p| 

^ ' AAA \jj s 

HO 1 J jll] 

MoO 1 " X Jh! 

- ,/ \/ 

MeO X | || 

OH 1 || 

MeO' x ) 

Meol^X 

MeO 

MeO 


Corydhie. 


iso-Coryditie. 


1 Corylhbcririr 0 J 9 H 21 0 4 N,5H 2 0 was obtained 
| by Dolibie and Lauder from commercial cory- 
! dalinc by extraction with hot water (Ohem. Soc. 

! Trans. 1893, 63, 485) It crystallises from 
j alcohol in fine, silky needles, m.p. 240°, 

(a 1 “' A 282-0° in alcohol. The alkaloid is nearly 
j insoluble in cold water, ether, or chloroform, 
| slightly soluble m benzene, and dissolves readily 
I m hot water or in solutions of alkalis. It forms 
; crystalline salts, including a methiodide. Two 
1 methoxyl and two hydroxyl groups are present. 
On mnthylation with methyl sulphato or diazo- 
methano a mixture of two isomeric monomethyl 
ethers is obtained ; these correspond with 
eorydine and woeorydine. The dimethyl ether 
of eorytuberme is glaueine. Corytuberine in 
alkaline solution is readily oxidised by air, 
giving a dark green liquid Its physiological 
action is very similar to that of apomorphine ; 
and as with bulbocapnine and eorydine, tho 
characteristic emetic effect disappears when tho 
two hydroxyl groujis are methylated (Gadamer, 
Arch. Pharm. 1902, 240, 81 and 1911, 249, 
603, 641). 

Gorydine C 20 H a 3 O 4 N was first described by 
Merck, and later by Gadamer and his collabora- 
tors (idem. 1902, 240, 81 ; 1911, 249, 669). It 
crystallises from alcohol with |EtOH, m.p 
124°- 125°, or 149° dry ; [a]“°+204-3° in chloro- 
form. Three methoxyl groups and one hydroxyl 
group are present m the alkaloid. Oxidised 
with iodine, it yields the hydriodide of dehydro- 
corydmo O 20 H 19 O 4 N HI, which, on reduction, 
gives t-eorydino, m.p. 165°- 167°. From this 
l eorydine is obtained by recrystallisation of the 
i-tartrate. As shown above, eorydine is a 
monomethyl ether of corytubcrine. 

imCorydive. C 20 H 23 O 4 N is obtained, as 
already shown, by methylating eorytuberine. 
It crystallises in tablets, m.p. 185°, and has 
20 r 
[a] u +195-3° in chloroform. Its methiodide has 

m.p. 213°-214°, and [a]£°-F 143*3°. 

J. J. D. 

C0RYFIN. Trade name for ethyl glycoHio 



COTTON. 


■ Wo 


menthyl eater C^H^O'CO'CHj'O’CaHj used in 
the treatment of nasal catarrh. 

COSMOS REDS v. Azo- colouring matters. 

COTARNINE v. Opium. 

GOTO BARK. True coto bark is obtained 
from Bolivia, the Amazons (Brazil), and Vene- 
zuela. It has been considered identical with 
Winter’s bark [from Dnmy* Wxnleri (Forst,)], ! 
but its source is really unknown (Jobst and Hesse, 
Annalen, 282, 191). It comes into the market 
in long strips about 8 cm. broad and 12 mm. i 
thiok, and is tough and hard. The colour is 
cinnamon brown, and a cross section shows 
numerous yellow spots. It has an aromatic ; 
odour, and contains mloin , dicotoin, hydrocotwn \ 
and methyl-hydiocolom, resins, tannm, &c. I 
The supply of the true coto bark is limited, so 1 
inferior barks, chiefly jnra-colo bark, arc sold, j 
These contain little or no cotom, but instead { 
protocol <nn and methyl-protocofom. ! 

Cotoin or Jirnzoi/l-phloroffluuHul-mono-mrthyl 
ether G, 4 II t: 0 4 , is found, together with various \ 


acetyl derivative of methoxy-hydrovy-phenyl- 
conmarin acetate , melting-point 142°0. — 


MeO — i 


/°\ 


OK 


- 00 - 


o 


OH 


-OGH, 


related substances, m true coto bark, but not 
in para coto bark, and has been the subject oi 
much investigation by Giamician and Nil her 
(Ber. 24, 299 and 2977; 25. 1119, 2(5, 777 ; 
27, 409 and 841 ; 28. 1549), Jobst (N Report 
Pharm. 1870, xxv. 22 ; Ber. 1 1, 1031), Jobst 
and Hesse (Ber 10, 249; Annalen, 199, 17), 
and Hesse (Ber. 2(5, 2790; 27, 1182; Annalen, 
282, 191). As a result its constitution has been 
made clear and a number of its deiivatives 
described. 

Cotoin can be isolated from true coto bark 
by extracting the powdered bark with cold 
ether, distilling off the other from the extract, 
and mixing the residue, whilst still hot, with 
light petroleum, whereupon a rosmous-mly mass 
separates, from which the solution of cotoin can 
be decanted and the product obtained from it 
in the form of Jarge yellow crystals. A further 
quantity can be obtained from the resinous 
mass mentioned above by boiling it with lime- 
water, and treating the solution obtained with 
hydrochloric acid, when the cotoin is precipitated. 
Cotoin may bo recrystallised from alcohol, or 
hot water, when it separates in yellow prisms, 
melting-point 130°-13l°C. It is difficultly 
soluble in cold water, readily solublo in hot, 
is fairly soluble m alcohol, ether, and chloro- 
form, but sparingly soluble in light petroleum 
or benzene. It dissolves m alkalis forming 
yellow solutions from which it is reprecipitated 
on acidification. As decomposition products of 
cotoin, phloroglueinol as also benzoic acid have 
been obtained. 

Cotoin has been used pharmaceutically in 
oases of diarrhoea and of phthisis, 

The diacetyl derivative Gj g H lfl O«, produced 
by the action of acetic anhydride, or acetic 
anhydride and sodium acetate, on cotoin, con- 
sists of large prisms, melting-point 94° C. If 
sodium aoetate is used in the acetylation, the 
diaoetyl derivative is accompanied by the 


CH s COO ^ 

Benzoyl cotoin , obtained by the action of 
benzoyl clilorido on cotoin, crystallises in prisms, 
melting-point 1 10°1 12°C. 

Di benzoyl-cot om consists of needles, melting- 
point 134°-135°C. 

Dimclhyl-colom, obtained by tho action of 
methyl iodide and alkali on cotoin, crystallises 
from alcohol, and has melting-point 138° 0. 
It yields a mono-acetyl derivative, colourless 
needles, melting-point 150° C., benco the formula 
HO’CjH 'Me(OMe) /CO 'C fl H 6 
has been proposed for it by Giamician aSd 
Silbor. 

Dibromcoiom G M H 10 O 4 Br 2 , which crystal- 
lises m large colourless needles, melting-point 
11(5° C., is piepared by the action of bromine 
on cotoin in chloroform solution. 

Cotoin oxime G 14 H 13 N0 4 crystallises in 
plates, soluble in alcohol, difficultly soluble in 
water, and lias been prepared by the action of 
hydroxy lan ime hydrochloride on a cold aqueous 
solution of cotoin in sodium carbonate. 

Mono-nil wso-cotom eonsisls of dark red 
leaflets, or orange-yellow needles (from acetic 
acid), melting-pomt 1 53°- 1 54° C (both forms). 
The needle variety possibly contains acetic acid 
of crystallisation (Poliak, Monatsk. 1901, 22, 
99(5). ‘ 

A dilute solution of cotoin in sodium car- 
bonate is capable of coupling with diazonium 
compounds, and m this way Perkin and Martin 
((’hem. Soe. Trans. 1897, 1149) have propared 
the following derivatives : — 

Colot n-azo-benzene C 14 H 11 0 4 , C 6 H 8 N 2 crys- 
tallises from acetic acid in orange-yollow needles, 
melting-point 183°-184° G. ; it yields a diaceiyl 
derivative, G, 4 lI e 0 4 , (C 2 H 3 0) 2 -G 8 H i; N 2 , when 
treated with acetic anhydride and sodium 
acetate, scarlet needles, melting-point 156°-156° 
G. ; on treatment with hot alkalis the acetyl 
compound is hydrolysed with formation of the 
free azo compound. 

Cotoin -azo-o-iolvene, similarly prejiared from 
diazotfted o-toluidine and cotoin, orange-yollqw 
needles, melting-point 203°-204°C. 

Gotom-azo-p-toluene consists of orange-yellow 
needles, melting-point 207°-208°G. 

Hydro-coloin, which occurs together with 
cotoin, is a dimethyl ether of Inhydroxy-bevzoyl- 
benzene, C e H 6 -CO*G B H 2 (OH)(OMej 2 . 

A number of poly-hydroxy benzophenone 
derivatives, including products found in coto 
bark rnd related to cotoin, have been propared 
by W. H. Perkin and Robinson (Proc. Chem. 
Soc., 1906, 305). A. G. P. 

COTTON consists of the long hairs which 
cover the seeds of various species of Oossypium, 
a genus of the nat. ord. Malvace.ce. The botanical 
classification of cotton is in a confused state, 
and this is doubtless mainly due to the cultiva- 
tion of the plant for extensive periods, the large 
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interchange %f seed which has taken place 
between the different countries of production, 
and the consequent gradual modification of the 
distinctive characters of the original species. 

American cottons , — The ordinary Upland 
cotton is fairly generally considered to be derived 
from Oossypium Jnrmtum (Linn.). Some authori- 
ties, however, are of opinion that it is derived 
from G. herbacmm (Linn.), whilst others regard 
these two species as identical. Sea Island cotton 
has usually been regarded as G. barbadense, but 
is considered by Watt (Wild and Cultivated 
Cotton Plants oi tho World) to be a hybrid lorm. 

Egyptian cottons. — The Egyptian cottons 
probably cannot be referred to any particular 
species, but are mostly hybrid forms of G. 
barbadense with other species. Most commonly, 
Egyptian cottons are regarded as G. barbadense, 
but Walt places them under G. pcriwtanvm 
(Cav.), which some authorities consider as 
identical with the former 
m Indian cottons ■ — With reference to these 
varieties, G. A. Gammie, of the College of 
Science, Poona, writes, in his monograph on 
The Indian Cottons : ‘ It is clearly evident 

that wo have at the most only one true species of 
cotton in India, Gassy pi inn obtusifolnnn, with its 
two sub-species, G. at ben cum and G. /lerbacctnn 
All other forms should be treated as derivatives 
of these.’ Other botanists, however, regard the 
Indian cottons as derived from various distinct 
species, including G. he.rhacenm, G. neglcdum, 
G. W ightmnum, and G. uiborcnm. 

Brazilian and Peruvian cottons - Brazilian ■ 
cotton is generally considered to be the product 
of G. biusihcmc ^Macf.), and rough Peruvian 
cotton that of G. peruvian inn (Cav ) 

The cotton plant grows ay a shrub or small 
tree. It is of perennial habit, but, in cultiva- 
tion, is usually treated as an annual. In 
certain districts of Brazil and Peru, however, 
arborescent forms are grown, which are allowed 
to remain in the ground for several years. When 
the flower-bud first opens, the petals are 
generally whito or pale yellow, but they gradu- 
ally become darker and redder until the third or 
fourth day, and then fall to the ground. The 
young fruit remains attached to tho flower-stalk 
and enveloped in the calyx ; it gradually in- 
creases in size, and is known as tho ‘boll.’ 
When the boll is ripe, it dehisces by from three 
to five valves, exposing the cotton, which, now 
that tho pressure on it is released, rapidly ex- 
pands and forms a large fluffy mass. As soon as 
tli£ boll has opened completely, and is qufto dry, 
tho cotton is ready to be gathered. The seeds, 
with the cotton fibre adhering to them, form the 
product known as ‘ seed cotton ’ ; this is 
collected from the ripe bolls, and tho cotton 
(or ‘ lint ’), after being torn from the seeds by 
the process of ‘ ginning,’ constitutes tho raw 
ootton of commerce. Seed cotton usually con- 
sists of about one-tliird of its woight of cotton 
fibre and two-thirds of seeds. • 

The cotton fibre is composed of a single 
hollow cell, and, while unripe, has the form of 
a long narrow tube. As the fibre matures, it 
becomes more or less flattened, and presents the 
appearance of a narrow, somewhat opaque 
ribbon or band, with slightly thickened, rounded 
edges. The ripe fibre possesses a peculiar 
characteristic twist, This twiBt appears to be 


an acquired character ; it is not present in wild 
cotton, and is increased by care in cultivation. 
The number of twists in a given length is very 
variable, and, as a rule, is, roughly speaking, 
inversely proportional to the diameter of the 
fibre, the twist being most numerous in the 
finest variety (Sea Island). Unripe cotton 
consists of thin, transparent fibres* with little 
or no twist. Such fibres aro known technically 
as ‘ dead cotton,’ and, being very weak and 
brittle, they break up in the process of manu- 
facture, thus increasing tho amount of waste, 
and also tending to weaken the yam or fabric 
into the composition of which they enter ; thoy 
also possess tho defect of not being able to take 
dyes satisfactorily. 

According to the length of the individual 
fibres, cottons are classed in commerce as long-, 
medium-, or short-stapled. The long-stapled 
cottons are inches or more in length, the 
medium-stapled arc about 1 inch long, and the 
short-stapled are less than 1 inch. The principal 
long-stapled varieties are Sea Island cotton, 
Egyptian varieties, and the improved American 
Upland forms, which have been evolved from 
the ordinary Upland kinds by continuous 
selection and careful cultivation. The Brazilian 
and Peruvian cottons vary from about 1 to 1L 
inches, and are, therefore, either medium- or 
long-stapled. The chief medium-stapled cottons 
are tho ordinary American Upland lands, and 
tho short-stapled class is represented by tho 
Indian varieties. 

• Sea Island cotton is grown in South Carolina, 
Georgia, Florida, and the West Indies. The 
fibre is very long, fine, silky, and of a lustrous 
creamy tint, and this cotton is therefore the 
most valuable variety. It is used in commerce 
for spinning tho finest and best yams. Con- 
siderable care is required in the cultivation of 
this cotton, and the yield per acre is usually 
lower than that, of other kindR. 

American Upland cottons are produced in 
enormous quantities in the United States, and 
are the principal kinds used in the Lancashire 
spinning industry. They are of longer staple 
and bettor quality than tho Imban varieties, 
and are employed for tho manufacture of yarns 
of medium quality. • 

Egyptian cottons exist in several varieties, 
most of which yield a fibre of a brownish tint. 
These cottons are long, strong, and fine, and 
more lustrous than American Upland, but 
inferior to Sea Island cotton. Egyptian cotton 
is preferable to American Upland for the manu- 
facture of goods requiring a Boft, smooth finish 
and high lustre. 

Tho Indian cottons are mostly short and 
coarse, and are consequently less valuable than 
American Upland kinds. The chief markets for 
those varieties are Japan and Germany, com- 
paratively little being imported into the United 
Kingdom. 

Brazilian cotton is harsh and wiry, of 
’medium strength and of good length. One of 
the varieties grown in North Brazil iB a tree 
cotton, which livos for 8 years or more. The 
ordinary annual cottons are more largely 
cultivated and are more productive than the 
arborescent form, but the fibre of the latter has 
the longer staple. 

Peruvian cotton is chiefly of two kinds, 
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known respectively as ' rough 1 and ‘ smooth.’ 
The former is the product of a ootton tree which 
is allowed to remain in the ground for from 
4 to 6 years ; the fibre is well known for its 
peculiarly harsh and crinkly character, which 
renders it especially useful to spinners for 
mixing with wool. ‘Smooth ’ Peruvian is very 
similar to Amorican Upland cotton, and is used 
for the same purposes. 

The following table gives the approximate 
length and average diameter of the fibres of 
the principal commercial varieties. The dia- 
meters of the fibres of any one variety show 
great variation among themselves, but the 
figures given under this head are the average of 
a large number of determinations by various 
observers, and can, at least, bo regarded as 
relatively accurate 


Variety 

Usual length 

Aveiage 

dianiolei 


inches 

inch 

Sea Island 

10-2-2 

0 00004 

American Upland 

0 8-1 1 

0-00077 

Egyptian . 

1-3-10 

0 00008 

Indian . . . : 

1 0 0-1 0 1 

0-00084 

Brazilian . 

! PL1 -4 [ 

0 00080 

Peruvian (rough) 

1-2-1 -5 

0-00078 

„ (smooth) 

0-9-1 1 

0-00077 


Cotton consists of about 83 7 p.e. of cellulose 
[q.v.), together with 7 p.c. of water, 0 (i p.e. 
of wax and oil, 1 -5 p e of protein, and about 
105 p.e of in moral matter (ash) (Bull. 33, 
U.S. Dept. Agric ). The actual composition of 
cotton varies with its origin 
1*4 The wax is present as a thin layer on the 
surface of the fibre, and renders it incapable of 
absorbing waf°r readily. This substance, to 
which Kchunek (Manchester, Mem. Lit. Plul. 
Sue. | hi,] 4, 95) has given the name ‘ cotton wax,’ 
resembles other vegetable waxes, such as cerosm 
prepared from the leaves of the sugar-cane, and 
the waxes from the leaves of the earnauba palm 
C Copcrnicta cerifera (Mart.)J, and the raphia palm 
[Raphia paduvculata (Beauv.). It is insoluble m 
water, but soluble in aloohol or ether ; it melts 
at 86°, and solidifies again at 80°-82°. Pure 
cotton wax is insoluble m solutions of caustic 
alkali ; it contains C 80 4, H 14 5, 0 5 1. Asso- 
ciated with this wax is a fatty acid, which was 
regarded by Schunck os margaric acid, but is 
more probably a mixture of stearic and palmitic 
acids ; it melts at 55 5°, and resolidifies at 
50-5°. 

The oil in the cotton fibre appears to be 
identical with that contained in the seed. In 
the preparation of tho so-called absorbent cotton 
wool, the wax and oil are removed by boiling 
the fibre with dilute caustic alkali under pressure; 
the material is subsequently washed, treated 
with bleaching powder and hydrochloric acid, 
again washed, and dried. 

The nitrogenous constituents of cotton con- 
sist of the remains of the cell protoplasm and 
allied substances. 

The mineral substances contained in the 
fibre are chiefly phosphates, chlorides, and 
sulphates of potassium, sodium, magnesium, and 
calcium, together with small quantities of iron 
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and traces of aluminium. If the amount of 
ash is much more than 2-3 p.c., the excess is 
probably due to the presence of sand and other 
mechanical impurities. 

When cotton is immersed in a strong solution 
of caustic soda, it undergoes certain remarkable 
changes, the chief of which is the production of 
a silky lustre. This phenomenon was discovered 
by John Mercer m 1844, and has led to results 
of great commercial importance. Tho process 
is now carried out on an extensive scale under the 
name of 4 mercensation ’ (q.v.), and is sometimes 
applied to the yarn and sometimes to the woven 
fabric. Tho material is either kept in a state 
of tension durmg the operation, or is allowed to 
shrink in the alkaline liquid, and afterwards 
stretched to its original length before being 
washed The pioeess not only produces an 
exceedingly high lustre on the cotton, but also 
increases its power of absorbing dyes. Tho 
structure of the cotton fibre undergoes altera- 
tion ; the flattened, twisted tube, oharacteristie 
of ordinary cotton, swells out, and is thus con- 
verted into a hollow, cylindrical form. This 
change is accompanied by a decrease m length 
and also by an increase m tensile strength, 
mercerised cotton being in some east* as much 
as 50 p.c. stronger than ordinary cotton. 
Egyptian cotton generally mercerises better than 
ordinary American cotton. 

When cotton is treated with a mixture of 
nitric and sulphuric acids, it is converted into 
mtro-oellulose or gun-cotton (v. Explosives). 
On dissolving gun-cotton in ether, or a mixture 
of ether and alcohol, the p/oduct known as 
collodion is obtained (v. Photography). Nitro- 
cellulose also enters into the composition of 
| celluloid ( q.v ). 

| Among the more important works on this 
( subject may be mentioned The Cotton Plant, 
Bull No 33, Office of Expt. 8 tat. U.S. Dept, 
of Agric. ; Bowman’s Structure of the Cotton 
Fibre ; and Oppel’s Die Baumwollc. E. O. 
COTTON BROWNS, SCARLETS, YELLOWS, 

V. AZO- COLOURING MATTERS ; Pill MU LINE. 

COTTON FLOWERS. Among the various 
portions of tho cotton plant which have been 
industrially employed must be included the 
flowers which constitute one of the numerous 
Indian dyestuffs. According to Watt (Dic- 
tionary of the Economic Products of India) 
they are thus', used in the Manipur district. 
Oossypehn was first isolated in small quantity 
from the flowers of the ordinary Indian cotton 
plant, u. hcrlacevm (Perkin, Cliem. Soc. Trans. 
1899, 76, 826), and has been more completely 
studied at a later period (tbtd. 1913, 103, 650). 
For its preparation a concentrated alcoholic 
extract of the flowers is treated with hot water 
and tho mixture digested when boiling with 
addition of hydrochloric acid for three hours. 
After removal of tar by filtration the hot liquid 
on cooling deposits a brownish -yellow powder, 
which cifn tains a mixture of quercetin ana goesy- 
petin. These colouring matters are separated 
by a fractional cry s tarns ation of their mixed 
acetyl derivatives from acetic annydride, acetyl- 
gossypetin being in these circumstances the least 
soluble. The acetyl compound is finally hydro- 
lysed by sulphuric acid ip the presence of acetio 
acid in the ordinary manner. 

Oossypeiin C ae H 10 O # forms yellow needles, 
2 D 
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melting-point 311°-313°, closely resembles 
quercetin in appearance, and is readily soluble 
in alcohol, but only very sparingly soluble in 
water. Concentrated alkaline solutions dissolve 
it, forming orange-red liquids which on agitation 
and dilution with water, become green, then blue, 
and finally assumo a dull brown tint. Alcoholic 
lead acetate gives a deep red precipitate in the 
cold, passing into dull brown at the boiling-point, 
and with alcoholic ferric chloride a dull olive- 
green liquid is obtained. 

Gossypetm like quercetin forms compounds 
with mineral acids which crystallise in orange- 
red needles, and with alcoholic potassium acetate 
the mono potassium derivative C 16 li # 0 8 K is 
produced. The hexa-acclyl derivative 
C 16 H 4 O 8 (C a H 3 O) 0 

forms colourless needles, melting at 228"-230". 
By fusion with alkali or by dissolving the 
colouring matter in cold 50 p.e. aqueous potassium 
hydroxide and allowing the solution to remain 
exposed to air for twenty-four hours, with 
shaking, protocol ee Ituic acut is obtained A 
phenolic substance also produced by these 
methods of hydrolysis lias not yet been identified. 

When methylated with excess of methylic 
iodide and methyl alcoholic potash j jossypetm 
hexamelhyl ether ( , 1f) II 4 0_ ! (OMe)„, colourless 
needles, melting -point 170°-172”, is produced, 
and this by hydrolysis with alcoholic potash 
gives pntocatnhuu and dimethyl ether and 
( jossy pttol tcteamethyl ether C 12 11 1G 0 6 , needles,! 
melting-point 115"! 10°. By ethylation in a 
similar manner, yossijpetin hexarthyl ether 
C, 6 H 4 0 2 (t)Et) 8 . melting-point 14*1 "-lit) 1 ', can 
be prepared, and with alcoholic potash yields 
ilu’thylprutoeaUehuK acid and ejo\sy pilot tetra- 
ethyl either ( -i ;i 4< > 0 , melting-point 110" 111°. 
The latter forms an oxvme (' lf ,lL s O ft N, melting, 
point 127"-12!)°, and when oxidised with 
permanganate gives ejerssy pet vine and, yellow 
needles, melting-point 154"- 155°. The consti- 
tutions assigned both to this latter (J) and to 
gossypitol tetraethyl ether (2) are given below : — 

(1) HO-fyifOEtLCO-CO.H 

(2) HO-l!.H(OEt) a (MK!H/()Et 

and from these that of gossypetm naturally 
follows : — 



When an alkaline solution of gossypetm is 
exposed to air the blue liquid on acidification 
yields a reddish -hi own precipitate which on 
gentle warming becomes crystalline. Again, if 
benzoqumone is added to a solution of gossy- 
petin in cold absolute alcohol a similar reaction 
takes place. On keeping for a few minutes 
crystals commence to separate, and hv then 
heating to 50° a semi-solid mass is obtained. 

Gossypitone (\ 5 H R 0 8 , the name assigned t6 
this substance, consists of microscopic needles 
of a dull red colour, which are difficultly soluble 
in the usual solvents. It dissolves m dilute 
with a pure blue colouration and its solu- 
tion in concentrated sulphuric acid is dull brown. 
Sodium hydrogen sulphite solution reconverts 
it into gossypetin. Gossypitone possesses strong 


dyeing properties, and gives the following shades 
on mordanted woollen doth : — 


Chromium. Aluminium. Tin. 

Dull brown. Orange-brown. Orange-red. 

Iron. 

Deep olive. 

These, it is interesting to note, are identical 
with those given in these circumstances by 
gossypetm itself, and it is accordingly evident 
that during the dyeing operation oxidation of 
the latter to gossypitone takes place. Until a 
d oiuute knowledge of the totrahydroxybenzene 
nucleus in gossypetm has been obtained the 
position of the hydroxyl groups in this portion 
of the molecule can only be conjectured. Ex- 
isting as it does side by side with quercetin it 
seems natural to consider that gossypetin is a 
liydroxyquereetin. Again, should gossypitone 
be a jj-qumone, the constitution of gossypetin 
will he the same as that which Neirenstem and 
Wheldalo have suggested (Bor. 1911, 48. 3487) 
for the llavonol (1) which they obtained from 
quercetone, an oxidation product of quercetin, 
hut the descriptions of the two compounds 
are not m agreement 1 On the assumption 
of the necessity for a qumol nucleus in gossy- 
petin a second constitution (2) is however 
possible . — 


( 1 ) 



011 /() OH 

(2) HO 0 , (1 /<J-ou 

Again, a third expression (3), representing 
gossypetin as an hydioxyquercetm, is available, 
though in this case gossypitone must be re- 
garded as an ortho- rather than a para-qumone : 



OH 

a,, fY° x ' O 0H 

Ait 


The glueosides present in cotton flowers have 
been examined by Perkin (Ohem. Soc. Trans, 
1909, 95, 2181), who m the first place employed 
the Egyptian variety. The Egyptian cottons 
appear, according to the researches of Messrs. 
Fletcher and Balls, to he derived from natural 
crosses of brown Peruvian cottons with the Sea 
Island variety. 

A concentrated alcoholic extract of the flowers 
deposits on cooling a semi-crystalline powder, 
and this consists mainly of the potassium salts 
of two glueosides, quercimentnn and gossypitrin, 
whereas a third glucoside iso-quercitrin is present 
in tho filtrate. A rough separation of the latter 
from this mixture may also be effected by means 
of aqueous lead acetate, for in these circum- 
stances the precipitation of isoquercetin does 

1 This compound, more recently synthesised by 
Neirenstein (Chem. Soc. Trans. 1916, 107, 872), fs 
described as melting at 354°-866°, and its hexamethyl 
ether at 145°-147°. 
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not occur, at least to any extent. The isolation 
of queroimeritrin and especially of gossypitrin 
in a pure condition from these flowers is however 
of too tedious a character to be described here, 
and for details of the processes involved the 
original paper must be consulted. 

Quercimeritnn C 2t JH 2 „Oi 2 , 3H a O, melting* 
point 247°-249°, consists of small, glistening, 
bright yellow plates, insoluble in cold and fairly 
readily soluble in boiling water. Its alkaline 
solutions possess a deep yellow tint ; with 
aqueous lead acetate it gives a bright red 
precipitate, and with ferric chloride an olive- 
green colouration. Oclu-ucrlylqucrcimciitrrn, 
needles, 0^11^0, 0 ((\Ii 3 ojt„ melting-point 214°- 
216°, is sparingly soluble m alcohol, whereas 
manopotasmm q uemmiritun , a \cllow powder, 
can be obtained by means of alcoholic potassium 
acetate. By hydrolysis with dilute sulphuric 
acid quercunentnn yields quercetin and glucose 
according to the following equation 

t , i iH 10 O, i +ll a O=(l li H 1Q O 7 fCJ^I„O i 

and is thus analogous to qucrcitrin which m this | 
maimer is concerted into quercetin and rham- | 
nose. 

On wool mordanted with aluminium, tin, | 
chromium, and iron, queicimeiitnn gives the j 
following shades . — 

Aluminium. Ten Clnirmium 1 

Orange-yellow. Bright outage, Reddish- biown 
him 

Olivo- brown. 

And these results aie interest mg, because with 
the exception of the lion mordanted pattern, 
which is of a lather browner character, the 
colours thus produced closely resemble those 
which are given by quercetin itself when dyed 
in a similar manner. They are widely diffeient 
from those gi\en by rutin and qucrcitrin, and 
mainly as a result of this pioperty there can be 
little doubt that quercimeritnn is to be repre- 
sented by one of the two following formula} : — 





C # H,(0H),-0 


W C0H 


Quercimeritnn is also present in the flowers 
of the Primus emanjimta ? (Finnemore, Phaim 
J. 1910, (iv.), 31, 604). 

Gossypitrm C! 2 jH 2 ,,D ia , only isolated with 
considerable difficulty, is moro readily prepared 
from tho G. neglectum (see below). When cry- 
stallised from dilute acetic acid it contains 
2H»0 of crystallisation, and is readily dissolved 
by not water, but on boiling this solution yellow 
needles of the anhydrous substance, melting- 
point 240°-242°, separate. When anhydrous it 
does not absorb water of crystallisation from 
moist air, but on boiling with acetone the hair- 
like needles are broken up into much finer 
needles, which when dried at 100° possess 1 
molecule of water of crystallisation. Such a 
preparation melts at 200°-202°> and when dried 


at 160° on standing in air now absorbs water. 
Preparations possessing this lower melting-point 
can be obtained in other ways, and it is accord- 
ingly evident that gossypitrin exists in two 
interchangeable modifications. 

Gossypitrin dissolves in alkalis with a pale 
yellow colouration, and gives with load acetate 
a deep red precipitate. It is almost insoluble 
in boiling acetone, a property which readily 
distinguishes it from quercimeritnn, which is 
fairly suluble in the latter solvent. 

Acetyl gossypitrm G 21 U j,0 1s (C 2H 3 0) 9 , colour- 
less needles, melting-point 226°-228°, is almost 
insoluble m alcohol. 

When hydrolysed with dilute sulphuric acid 
gossypitrm yields gossypctin and dextrose 
uccording to the equation — 

C! 21 H <! „() n +H. 2 ()=G 16 H lu () 8 + ( , «H l2 0, 

Tho shades given by this glucoside on mor- 
danted wool are as follows : — 

Chromium. Aluminium. Tin. Iron. • 
Reddish. Dull Bright Dark 

brown. yellow. orange, olive-brown. 

Gossypitrm reacts, like gossypctin itself, with 
benzoquinono, and yields in this way a quinone 
to which tho name Gossypilrvnr (\,H 18 0 13 , has 
j been assigned. Tins consists of maroon-coloured 
needles, which possess no definite melting-point, 
although fusion of the product occurs about 
I 255°-2G9°. By the action of warm diluto 
| sulphurous acid solution it is reconverted into 
j gossypitrm, and the same change appears to 
i occur in tho dyemg process, for tin; shades 
pioduoed are identical with those yielded by this 
latter glucoside. It is considered probable that 
the sugar group of gossypitrm is attached to its 
to trahydroxy benzene nucleus, though until the 
exact nature of this has been decided, its position 
is necessarily uncertain. 

lsoquercitrin C 2 ,H 2< ,()j 2 > 2H a (), crystallises 
from diluto alcohol in pale yellow needles, 
melting at 217°-219° It is sparingly soluble 
m water, and dissolves in alkaline solutions with 
a deep yellow tint, but its most interesting 
property is the fact that with aqueous lead 
acetate solution it gives a bright yellow pre- 
cipitate entirely distinct from the deep red 
deposit which is produced in this manner from 
tho isomeric quorcimontrin. 

Again, though more readily susceptible to 
hydrolysis than the latter glucoside, it yields 
identical products : — 

G 2 fH 20 O li +H 2 0=C 16 H lC O 7 +C 8 H 18 0 e . 
Dyeing experiments with isoquercitrin give 
« hades entirely distinct from tlioso given by 
qucrcimoritrin, and these, although slightly 
paler, resemble those yielded by quercitrm. 
Chromium. Aluminium. Tin, Iron. 

Brownish- Golden- Lemon- Brownish- 

yellow. yellow. yellow. olive. 

The* properties of tins substance indicate 
‘that itB sugar group ih not attached as in 
quercimeritnn to the phloroglueinol nucleus of 
quercetin. Indeed, it is probably constituted 
similarly to quorcitrin, v hich, however, contains 
a rhamnose in the place of the glucose 
residue. Three formula} are possible tor iso* 
quercitrin, whioh may be briefly expressed by 
the statement that the position of tho sugar 
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residue in respect to the quercetin group is at 
one or other of the points in the following which 
are marked with an asterisk : — 


,/C-OH* OH* 


The aqueous extract of the Egyptian cotton 
flowers employed in this investigation gave by 
hydrolysis with acid D80 p.c of crude colouring 
matter, and in this approximately 10 p e. of 
gossypetm was present. Dyeing experiments 
with the flowers in the usual way gave tho follow- 
ing shades : — 

Chromium. Aluminium. Tin. Iron. 

Reddish- dree n- Orange- Olive- 

brown. yellow. brown. brown. 

and these though duller were somewhat similar 
ip character to those given by quereimeritrm 
In comparison with the shades similarly pro- 
duced from other natural dyes, they most nearly 
resemble those of the so-called ‘ Latent Bark,’ 
a preparation of quercitron bark in which 
quercetin and no queicitrin is present. 

Among the types of cotton flowers there are 
(a) red, (b) pink, (c) yellow, and (d) white 
flowered plants In the offspring of a cross 
between (a) and (c) there occurs in tho second 
and subsequent generations red and yellow 
plants which breed pure, whereas m the off- 
spring of a cross between (a) and (d) all four j 
forms occur which breed pure. As a supple- 
mentary investigation to that of the Egyptian j 
flowers the petals derived from such pure plants 
occurring among the offspring of one or other ! 
of these crosses have been examined (Perkin 
Ohom.. Sue. Trans. 191(1, 109, 145) (ep. Leake, 
Proc. Roy. Soc. 1911, (B), 83, 147) 

The typos were as follows : red flowered, G. 
arboreum (Linn.) ; junk, G. mwjnineum (Ilarsk) ; 
yellow and white, two varieties of G. neglect um ' 
(Tod), usually now treated as one sjiecies but 
originally described as G. -ne/jlectum and G. 
rosarum. As a result it has been found that 
the rod flowers of G. arboreum contain isoquer- 
citrin, quoreimoritrin and gossypitrm in this 
case being absent, whereas in tho yellow flowers 
of G. ncglectum, gossypitrm and isoquerCitrm 
wore present, and quercimontnn appeared to 
be absent. On the other hand, the white flowers 
of G. neglectum and the pink flowers of G.mngui- 
neum gave but traces of colouring matW too 
small for complete identification, though the 
respective products obtained resembled in their 
properties apigenin and quercetin. An examina- 
tion of the ordinary Indian cotton flower, G. 
hcrbaceum, available only in small amount, gave 
tho same results as the G. neglectum. 

Gossypetin is also present in the flowers of 
the Hibiscus sabdanffa or ‘ red sorrel ’ of the 
West Indies, a small shrub which is widely 
cultivated throughout the hotter parts of India 
and Ceylon (Perlrin, Chem. Soc. Trans 1909, 
95, 1856). The stems yield the ‘ Rozelle hemp ’ 
of co mm erce, and this is obtained by retting tne 
twigs as soon as the plant is m flower. The 
yellow flowers are just capable of dyeing yellow, 
but are not used at all in India for this purpose ; 
on the other hand, the red calyces are employed 


for dyeing in an obscure degree in two remote 
parts of the country (Burkill, Agricultural Ledger, 
Calcutta, 1908, No. 2, 13). A. G. P 

COTTON SEED OIL is obtained on a large 
scale from the seeds of the several species of tne 
cotton tree, Gussy ptum. In the United States, 
Gossypium hirsutum (Linn.), ‘ Upland cotton,’ 
covered with 1 lmters,’ is extensively cultivated, 
whereas the plant grown m tho Sea Islands and 
in Egypt is G. bamadensc (Linn.). The Indian 
variety of cotton seed is generally assumed to 
1x5 G. hobaceum and G. arboreum, whilst the 
South American cotton plants are frequently 
! classified as a separate species, G. acuminatum 
or peruvianum. Formerly tho seed not required 
1 for planting was mostly wasted, as the oil con- 
tained therom could not be refined. Cotton seed 
od was first expressed in this country in the year 
1847. Since then the industry has assumed such 
enormous dimensions that the annual import 
of eotton sood to this country from Egypt, tho 
East Indies, and South America amounts to 
more than 000,000 tons ; in addition very con 
siderable quantities of cotton seed oil are im- 
ported from the United States, winch produce 
almost 200,000,000 gallons of oil j>er annum, of 
winch approximately 50,000,000 gallons are ex- 
ported to Europe 

Tho seed contains, on the average : — 

l’er cent. 

Oil 20 0 

Water .... 8 -5 

Proteins . . . . .20 0 

! Carbohydrates . . . .32 0 

Crude flbro .... lfl’O 
Ash 4 5 

The proportion of oil m tho seed varies con- 
siderably with the origin of the seed. Thus 
Egyptian seed contains up to 24 p.c. of oil ; 
East Indian seed on the average only 18 p.c. ; 
American ‘ Uplands 5 and Jamaica seed 23-24 
p c. ; and Brazilian and Peruvian no moro than 
20-21 p.c. of oil. The seeds consist on an average 
of 60 p c. of kernel and 40 p.c. of husk. 

A distinction must bo made between seed 
which must be decorticated before crushing, 
owing to the fine 1 lmtcr,’ which cannot be 
removed readily, and seed which is crushed in 
the undecorticated state. Undecorticated seeds 
are chiefly crushed in England, Franco, and 
Germany, from Egyptian, Bombay, and also 
Smyrna seeds, whereas the vast majority of the 
American ‘ Upland seed ’ must be decorticated 
before being crushed. In some European 
establishments Bombay seod is decorticated 
before crushing. 

The kernels (‘ meats ’) are permeated with 
colls containing a deep-brown colouring matter ; 
hence the crude cotton seed oil running from 
the hydraulic jiresses has a ruby-red to almost 
black colour. The dopth of the colour of crude 
cotton oil depends, in the first instance, on the 
state of freshness of tho seed. The American 
seed, which is, as a rule, crushed shortly after 
having been harvested, yields a crude oil of a 
much paler colour than that of crude oil obtained 
in England, France, and Germany from Egyptian 
seed. The palest Egyptian crude oil is obtained 
from fresh seed arriving in October. When the 
seed is stored it undergoes deterioration (‘ heat- 
ing,’ which may also oocur during the voyage) ; 
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the crude oil obtained from Egyptian 
seed in July and August has a very dark colour. 

In the American trade three grades of crude 
cotton seed oil are recognised, viz. * prime/ 
* choice,’ and ‘ off ’ qualities. The crude oil is 
refined by treatment with a dilute caustic soda 
solution, at a temperature not exceeding 120° F., 
whereby the free fatty acids are neutralised ; 
the soap so formed falls to the bottom and 
carries with it the brown colouring matter, so 
that tho supernatant oil is of a bright-yellow 
colour. Tho oil is then washed freo from soap, 
or, in tho case of a technical oil, is treated 
with bleaching powder, to yield the bright- 
yellow oil of commerce. The first qualities of 
cotton seed oil which arc 1 not bleached with 
chemicals are used as edible oils, and are con- 
sumed in cnormouR quantities either as such, as 
a cooking oil, for tinning sardines, table od, &e , 
or in the manufacture, of lard substitutes, under 
such names as salad oil, sweet nut oil, butter oil. 
The last-named product is chiefly used m the 
manufactu e of margarine and compound lard 

Official methods for analysing cotton seed 
oil, and tests for determining its behaviour when 
refined or bleached, have been published by the 
Interstate Cotton Crushers’ Association, U S.A. 
(Oil, Paint and Drug Rep ,1913, June 30 ; 1914, 
33). 

Cotton seed oil is, at the ordinary tempera- 
ture, a pale-yellow oil of characteristic, but not 
unpleasant, taste. At about 12° ‘ steanne ’ 
deposits. This 1 steanne ’ would interfere with 
tho use of cotton seed oil as a table oil or salad 
oil ; therefore the ‘ stoanno ’ is removed on a 
large scale by cooling the oil to a low tempera- 
ture, and filtering off the deposit. The filtered 
oil is known m commerce as 1 winter oil’ (‘ de- 
margarinated cotton seed oil ’). According to 
the requirements of the market, it will not 
‘ cloud 1 at 40° F. or 32° F . or even at 28° F. The 
sp.gr. of cotton seed oil is 0‘923-0925 at 60° F 
The saponification value varies from 190 to 193, 
and its iodine value from 105 to 115. 

The solid fatty acids in cotton Reed oil consist 
chiefly of palmitic acid ; small quantities of 
arachidic acid seem to be present, but stearic 
acid appears to be absent. The liquid fatty 
acids would seetn to consist of oleic and linohc 
acids only. 

Cotton seed oil eminently typifies a semi- 
drying oil. In the Livacho test (see Oils and 
Fats) it absorbs 5'9 p.c. of oxygen in 24 hours. 
By blowing air through cotton seed oil at a 
temperature of about 9()°-100°, oxygon is 
absorbed, with the formation of a small amount 
of oxidised acids, the acetyl value of the oil 
rising at tho same time? considerably. This 
reaction is used on a large scale in the prepara- 
tion of 1 Blown Cotton Seed Oil ’ (see Oils and 
Fats), which is used in considerable quantities 
as a lubricating oil in admixture with mineral 
oils, to produce the ‘ Marino Lubricating Oils ’ 
of commerce. 

Cotton seod oil hardened by hydrogenation 
is used as a solid fat in the manufacture of 
margarine. A typical commercial hardened 
oil melts at about 38°, and has a saponification 
value of about 196 and iodine value of about 70. 

A reliable test for tho identification of cotton 
seed oil, and for thoMetection of it in other oils 
and fats, down to even 1 p.c. (under favour- 


able circumstances), is the H (uvhen colour test, 
which is carried out in the following manner : 
1-3 c.o. of the oil is dissolved in an equal 
volume of amyl alcohol ; to this is added 1-3 
c.c. of carbon disulphide, holding in solution 
l p.c. of Bulphur flowers. The test-tube is 
immersed in boiling water, or, better, in boiling 
brine, the carbon disulphide being allowed to 
evaporate off. In the course of 5-20 minutes, 
a deep-red colouration appears, the intensity of 
which stands in direct proportion to the amount 
of cotton seed oil m the sample. The reagent 
which produces the colouration appears to be an 
impurity in the amyl alcohol, and the test may 
be rendered more delicate by substituting 
pyridine for amyl alcohol. In this way as little 
as 0'25 p e. of cotton scod oil may be detected 
(Gustaldi, Giom. Farm. Cliim. 1912, 01, 289). 
Although the test cannot be used as a quantita- 
tive one, yet it must be considered, if positive, 
as one of tho best means of recognising the 
presence of cotton seed oil qualitatively. £ 
negative Halphen test is, however, no conclusive* 
proof of the absence of cottonseed oil in a mixture, 
as the colouring matter is destroyed by heating 
cotton seed oil to 250°, or by keeping it at 200 s 
for some prolonged time, or by 1 blowing ’ it. 
Hence ‘ blown cotton Reed oils ’ do not show the 
Halphen colour reaction. J. L. 

COTTON SEED, COLOURING MATTER OF. 
Cotton seeds contain, in addition to cotton-seed 
oil, a phenolic substance gosnyfol, which remains 
dissolved in the oil whim this is expressed. 

By extracting the oil with caustic soda and 
neutralising the solution thus obtained a 
voluminous precipitate separates which consists 
of the colouring matter admixed with fatty 
acids, and the products of its own oxidation. 
Cor the isolation of gossypol Marchlewski (J. pr. 
(’-hem. 1899, 60, 84) omployed a partially 
purified preparation of this character from which 
the mam bulk of the fatty acids had been 
eliminated. By extraction with ether, repeated 
crystallisation from glaoial acetic acid, and from 
a mixture of alcohol and 50 ( .c. acetic acid, it 
was isolated in the form of small yellow prisms. 

As the result of analyses of this substance 
dried tn vacvO over sulphuric acid, Marchlewski 
suggested two formulae, C 13 H 14 0 4 and G 3!i H 34 0,o, 
and of these the first is considered preferable. 
Preparations dried at higher temperatures ap- 
peared to suffer alteration as they thus became 
darker, and had then a lower melting-point. 

Thus the gosBypol when quickly heated melted 
at 188^ but when previously dried at 126°-130®, 
at 179°-180°. It is easily soluble in the usual 
organic solvents, and dissolves in sulphuric acid 
with a cherry-red colouration, a reaction by 
which its presence in cotton-seed oil can be 
detected. In alkalis, gossypol dissolves with a 
yellow colouration which rapidly change* to 
violet, and then slowly fades. The ready 
susceptibility of alkaline gossypol solutions to 
air oxidation accounts largely for the impure 
nature of tho crude colouring matter isolated 
by Biich reagents from the oil, and it appears 
that if care is taken in the process, it is possible 
to obtain a much cleaner material in the first 
instance. An alcoholic solution of gossypol 
gives withferrio chloride a dark-green colouration, 
and with tho neutral and basic acetates of lead 
a deep-yellow precipitate. The analysis of tho 
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lead salt corresponded to C 18 H 12 0 4 Pb. Accord- 
ing to Marohlewski, gossypol yields amorphous 
acetyl and benzoyl derivatives and appears to 
possess two hydroxyl groups. It contains no 
methoxy groups, and is not a glucoside. It 
dyes iron mordanted material a grey shade, but 
the product obtained by a careful oxidation of 
its alkaline solution possesses, it is stated, 
tinctorial properties of greater importance. 
Gossypol can be employed on cotton fabrics as 
a mordant for the baRic colouring matters. 

F. 1C. Garruth (Amer Chem. .F. 15)18, xi. 4 , 
047) isolates gossypol from the decorticated 
cotton -seed kernels which have been crushed by 
rollers before they are 1 cooked ’ m the oil null. 
From these a considerable amount of oil in 
removed by percolation with ligrom, and the 
residue is then extracted with ether and the 
oxtract evaporated. The product, is now 
treated with one-half to one-third its volume 
of glacial acetic and, and on keeping for some 
days, or more quickly by gentle warming, 
crystals of gossypol acetate separate For 
purification it is dissolved in ether, glacial 
acetic acid is added, and the solution evaporated 
until crystallisation commences. 

To obtain gossypol itself an ethereal solution 
of the acetate is treated with water, and the 
ether distilled off. The gossypol thus remains 
suspended m the water as crystalline crusts, 
and may be recrystal I ised from alcohol. 

A second interesting method consists m 
adding aniline to an ethereal extract of cotton 
seed. The solution after warming on the water- 
bath gradually deposits on standing an orange- 
yellow microcrystallino precipitate, which ap- 
parently consists of an aniline salt of gossypol, 
0 80 U 2 ,b 9 , 2C # H 6 NJI 2 or 2G. 10 H 2h <) 9 , SG.l^NH, 
The yield is practically quantitative, and the 
process may be used to estimate gossypol m 
extracts of cotton-seed products. 

To regenerate gossypol from the aniline 
compound, it is dissolved in hot alcoholic 

E ofcassium hydroxide', and the aniline removed 
y steam distillation From the alkaline' liquid 
the gossypol is precipitated on acidification, 
and may be purified by <‘<m version into the 
acetate according to the method given above. 

Gossypol acetate, a molecular compound of 
gossypol and acetic acid, is evidently the sub- 
stance described by Marchlewski as the ‘free 
colouring matter. It is a comparatively stable 
substance, and when heated does not evolve 
acetic acid readily below 180°. Its formula 
determined by alkali titration is 

Gaoflj 4 0 9 , G 2 H 4 0 2 or C tl0 H 30 O 9 , G 2 H 4 () 2 

Hence gossypol itself is G 30 H 2N O 9 or C., 0 H 30 O # , 
and this result is m harmony with other analytical 
figures given m Garruth s paper. 

Gossypol acetomte, G J0 H 2h O 9 -GH 3 -CO-CH 3 , 
is obtained as glistening crystals when gossypol 
is dissolved in acetone, and the solution con- 
centrated. Like the acetate it is a ^stable 
compound, and when heated at 140°- 150° it 
alters but little in weight. 1 

Acetyl and benzoyl derivatives of gossypol 
could not be obtained in a crystalline condition, 
but as a result of their examination the evidence 
was sufficient to indicate that four or five hy- 
droxyl groups are present in gossypol. When 
gossypol is heated to 186°-190® it fuses with the 


evolution of vapour, and then solidifies to a 
black mass. On treating the residue with ether 
a sparingly -soluble yellow crystalline compound 
B. gossypol separates, which is much less toxic 
than gossypol and molts at about 246°-248°. 
Again, by fusion with alkali, a second new 
crystalline substance C. gossypol can bo obtained, 
and this, which is soluble in alkalis with a blue 
colour is probably closely related to the purple 
oxidation product, of gossypol referred to abovo. 

Cotton seed meal winch has been submitted 
to the ‘ cooking process ’ loses much of its toxic 
property, and contains then practically no 
gossypol. By extracting this product with 
aniline, the aniline compound of ]). gossypol 
which crystallises m orange -yellow prisms can 
bo isolated. 

Alcoholic potash converts this compound 
into D gossypol itself, yellow crystals, which 
darken and soften at. about 256°. 

From the cooked meal 1 2 pc. of the aniline 
compound can be obtained These products 
have not as yet been closely examined, 

A. G. r. 

COUCH GRASS orTritieum, Agropynm, B.P. 
The dried lhr/omc of Agropynm repens (Beauv). 
Is frequently adulterated with Cynoilon Dactyhm 
or dog grass A common weed in pasture and 
arable land Used m pharmacy. Therapeutic 
value obscure 

COUMARANE GROUP. Leuco-bcnzoyl- 
coumarane — 

C\° i™’ 

C,H S — (III-OH— 1^1 Ifi, |, 


according to v Kostanecki and his co-workers 
is probably the mother substance of the caterhm 
present, in Gambler catechu, though the correct- 
ness of this view has not yet been fully estab- 
lished. Coumarane or hydro-coomarone, the 
inner anhydride of o-hydroxyphonyl ethyl 
alcohol - 


C a H 4 


OH 

'XlHyGHyOH 


/ 


was first prepared by Alexander (Ber. 1892, 25, 
2400) by reducing coumarone in alcoholic 
solution with sodium — 


/° 

<!.H/ / 


CH 




/ u \ 


'CH/ 

Coumaranp. 


CH 2 


It forms a colourless oil, boiling-point 188°-189°, 
and gives m sulphuric acid solution by addition 
of ferric chloride a violet colouration. Stoermer 
and Gobi (Ber. 1002, 26, 2872) have obtained 
coumarane and its bomologues by the action of 
sodium on o-bromo-phenol brom-ethyl esters 
according to the following equation : — 

I | r H * 

\^/Br CH 2 Br 



By the interaction of coumarane and benzoyl 
chloride in the presence of aluminium chloride 
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4 benzoyl-ooumarane, colourless crystals, melting- 
point 44° — 


fY> 

>( 


:cH a 

ch 2 


is produced (v. Kostanecki, Lampe and Mars- 
chalk, Ber. 1907, 40, 3060), and when reduced 
in alcoholic solution, the leuco-benzoyl-couma- 
rane above referred to is obtained A. G. P. 

COUMARANDIONE, COUMARANONE v. 

Ketones 

COUMARANONE GROUP. Though colour- 
ing matters derived from eoumaranone (keto- 
cumaran) have not as yet been isolated from 
natural sources, there is some probabdity of 

„ XK * 

CH 2 
r/ 




'OH, 


•’CTT.oi 

^'Yoi/ 

Ketocnmaian. C'umai an. 

their pres<' ice in certain flowers, and they are 
not only historically connected with the earlier 
attempts to synthesise the Ha v ones, but have in 
certain instances been successfully converted 
into flavonols. 

Coumaranone (1) is obtained (Fncdlander and 
Neudorfer, Ber. 1S97, 30, 1077) by boiling acetyl 
o-hydroxyacetophenone bromide (2) with an 
aqueous suspension of chalk, or by the action of 
dehydrating agents on phenoxyaeotie acid (3) — 

•osss’ ~<r> 

*cr . 

\/ HOO(J 

(Friedlander, Ber. 1899, 32, 1867), and consists 
of colourless needles, met ting -point 97“. It 
condenses with benzaldehyde in t he presence of 
hydrochloric acid with format ion of ben/ylidenc- 
coumaranone — 

0— 0IPC # H g 
^CO 7 

which was at first considered by Friedlander 
and Neudorfer (Ber. 1897, 30, 1077) to consist 
of flavone. On substituting protocatechuie 
aldehyde for ben/aldchydo these authors 
obtained the dihydroxy compound— 

O OH 


and this is a strong dyestuff which gives on alu- 
minium mordanted fabrics an orange, and with 
iron and chromium mordants brown-coloured 
shades. 

Tho first colouring matter of this group was, 
however, prepared in 1896 by Friedlander and 
Riidt (Ber. 29, 878) from chlorogallacetophenone 
and benzaldehydo — 

OH OH Q 

ohA° h oh fY "'ch 2 

\/ CHjCI -* KJ\ C0 / 


0 

R0 Cf V 0:CH. 

V\ co / 


OH 


OH 


and from the analogous resacetophenone de- 
rivative other hydroxy compounds of this group 
were obtained later. These are of an ora-ngo 
or orange-red colour, as a rule form oxonium 
salts, and those possessing tinctorial property 
dye alum mordant a much more orange shade 
than the llavonc colouring mattors. There is 
indeed a close, resemblance in this latter respect 
between these compounds and the colouring 
matters derived from chalkone — 


-CO : CH- CII — C 6 Hj 

(Perkin, Ohem. Soc. Trans. 1904, 85, 1465), for 
butein (a tetrahydroxy ehalkone obtained from 
the liulca frondusu) and the 3:4: 3' : 4' tetra- 
hydroxy bcnzylidono coumaranone of Fried** 
' lander and Kudt give almost identical shades. 
The benzylideno coumaranones dissolve in sul- 
phuric acid with the production of a red or red- 
, violet colouration, and can thus again be dis- 
tinguished from flavones winch in this manner 
give either colourless or pal n yellow solutions. 

In 1896 Kesselkaul and v. Kostanecki (Ber. 

, 29, 1886) suggested that judging by its colour 
reactions the colouring matters of Friedlander 
, and kudt were not, as these authors suggested, 
i flavone but rather coumaranone derivatives, 

1 and the true constitution of these substances 
, became evident on the synthesis of flavone 
J itself by Feuerstem and v. Kostanecki (l.c.). 

; That bonzylideneooumaranonoH can he con- 
verted into flavanol derivatives has been shown 
by Auwers ami Muller (Ber. 1908, 41, 4203), and 
this transformation is discussed under Flavonot- 

Coumaranone is also interesting as the source 
of ox-mdigo — 


c„h 4 


'yi-cT > C H, 
CO- •(:()/ 


the oxygen analogue of indigotin. Tliis crys- 
tallises m yellow prisms, but does not possess 
any tinctorial value 

Analogous colouring matters can be obtained 
from diketohydrindene (itidandione), this also 
possessing the reactive methylene group, with 
aldehydes. Thus by heating this compound 
with protocatechuie aldehyde at 110°-120° v. 
Kostanecki prepared the dihydroxybenzylidefie 
derivative — 

CO 0H 

c * H < ( , 0 >--° H -O 0H 

which consists of brownish-yellow needles, 
melting-point- 257°, soluble in alkaline solutions 
with a red-violet colour and gives yellow shades 
on aluminium mordanted fabrics. 

From indoxyl also in a similar way Perkin 
and Thomas (Chem. Soc. Trars. 1909, 95, 798) 
prepared dihydroxyben/aldehydeindogenide — 

OH 

j— nh\ 0;CH / ^ oh 

v Uo/ ^ 


n 
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crystallising in ©range-red needles, and produc- 
ing Irith aluminium mordanted fabrics dull 
scarlet shades. 

Chalkone or benzylideneacotophenone is 
readily prepared by the interaction of aceto- 
phenone and bcnzaldehyde (Olaisen, Bor. 20, 
257)— 

d a H g OO CH 1 +C f H.COH 

C„I 1 6 -CO CHgCH OH C # H 6 
CjHg’dO'OIl * (’H'O.ITg+HjO 

Tt consists of yellow rhombic prisms, melting- 
point r)7°-58°. 

When submitted to hydrolysis it is recon- 
verted into the aldehyde and ketone, a reaction 
which is the reversal of that given above — 

(LH./CO-CH : CI1*C 8 H 6 

c 8 h^coch,-ch-oh-c 8 ii 6 

-> C 8 H r ;(!()-(^K 3 -M! 6 H B CH((Hl); 

C,ll B -C()H+fl,0 

By tin' employment of hydroxyacetophenones | 
ayd hydroxybonzaldehydes, in general ]>reviously I 
methylated, numerous chalkone derivatives 
have been obtained by v. Kostaneeki and his 
eo- workers. Only one natural colour mg matter 
of this group, known as butnn , has at present been 
isolated, and the synthetically prepared com- 
pounds have been more specially interesting 
owing to their employment for the synthesis 
of the llavonol group of colouring matters 

Ryan and O’Neill hy the aid of diaeetoresor- 
oinoi have obtained diehalkone compounds 
Thus diacctoresorcinol dimethyl ether and 
benzaldohyde form diben/.yhdendiaeetoresor- 
einol dimethyl other, and this by the action of 
aluminium chloride is demethylated with pro- 
duction of the free hydroxy compound — 

OHj /X jOH 

C 6 H 8 CH : CH— CO— ly-CO-CR .OH-n e H ri 

It was obtained as yellow crystals inciting 
at 190°-198°. 

Interesting is the fact shown by those authors 
that by a vanation in its method of prepara- 
tion four distinct varieties of this diehalkone 
can be produced. Whereas three of those desig- 
nated as a, (3 and 5 are stereo-isomers, the fourth 
or 7 variety is structurally related to the oilier 
three. 

When 2-hydroxychalkone is digested at the 
boiling temperature with alcoholic sulphuric aeid, 
flamnonc. (dihydroflavone) is produced according 
to the following scheme : — J 


hydroxyketone, when gallaoefcophenone dime- 
thyl ether (Woker, v. Kostaneeki, and Tambor, 
Ber. 1903, 36, 4235) or quinacetophenone mono- 
methyl ether (v. Kostaneeki and Lampe, ibid. 
1904, 37, 773) are condensed with benzaldehyde 
in the presence of sodium hydroxide the respec- 
tive flavanonos (1 and 2) are thus directly 
obtained — 

OMe n 

W 


MeO, 


( 1 ) 


\ 


I 


(2) MeO 1 


/ 


\lH-C e H 6 
\ C0 / (:H 2 


On hydrolysis the lliavammes yield ehalkones, 
a reversal of the equation given above. The 
reaction in these eases is not unidirectional, and 
the conversion of flavanone into chalkone, or 
chalkone into flavanone, is never complete. 

Chalkones which contain hydroxyls in the 
ortho position to one another, in the position 
3' • 4' are powerful colouring mat, tern, whereas 
flavanonos possessing similar hydroxyls arc not 
dyestuffs, as indeed their constitution indicates. 
1 luring the dyeing operation, employing mor- 
danted woollen material hydrolysis occurs, with 
subsequent chalkone production, and the shades 
produced by them are in reality those derived 
from the latter. Flavanone crystallises in small 
colourless needles, melting at 75°-76°. 

Bromflavanonc (1) hy elimination of hydro- 
bromic acnl readily yields flavono ( 2 ) — 

>x 

/ CH — CflEL 


( 1 ) 


-» ( 2 ) 


/ 


/OHBr 


M )0 


4 h 


and, again, flavanonos may be converted into 
llavonols. 1 A. G. I\ 


COUMARIN C v H 8 0 2 =C 8 H, 


ft-™ 

Vx.o/i'u 


n- 

\/~ 


-on 

-CO- 


HO CII-OJT, 


-OIL 


Oil : CII 

o — io ( 


,/ 


( 1 . 2 ) 


,/ U \ 


CH- 


y \oo^ 


K> 


c.tl 


and this is the method generally adopted for 
the synthesis of flavanone derivatives. On the 
other hand, though as a rule a chalkone only 
is produced by the interaction of aldehyde and 


was obtained by Vogel (Gilb. Ann. 04, 161), in 
1820, from the tonka bean (the seed of JDipleryx 
(Coumarouna) odoraia, Willd.), or from the 
melilot (Mdtlolvs offtcwalus, Lam.), and from 
the woodruff {Aaperula odoraia, Linn.), but was 
mistaken by him for benzoic acid. Guibort, 
however, showed that the crystalline odoriferous 
principle of the tonka bean was distinct from 
benzoic acid, and named it coumnrtn. It occurs 
in PvriMrophe angvstifolui (Necs), Achylia tri- 
phylla (DC.), and in many other plants, and is a 
'•normal constituent of lavender oil. It is present 
in plants as a glucoside, which is decomposed by 
a torment present in the plant. This ferment 
is destroyed by alcohol or boiling water (Molish, 
J. Pharm. Chim. 1902, 279). 

It was first obtained synthetically bv Perkin 
by boating the sodium compound of sanoylalde- 
hyde with acetic anhydride (Chem. Soc. Trans. 
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1868, 63) ; or more simply by boiling together 
sftlicylaldehyde, acetic anhydride, and dry 
sodium acetate {ibid. 1887, 388 ; see also Tie- 
mann and Hefzfeld, Ber. 1877, 284). Acetyl 
coumaric acid is first formod : 


caustic alkali, or better, with sodium ethOxlde, a ' 
solution is formed from which acids preoipitate' 

‘ .. n : CH COOH n 

coumanc acid C # H 4 <^qjj (1, 2). 


c 8 h 4 < 


^HO , CH 3 CO\ ( 
1< \0H ‘ C1I 3 *00. 


0 


-rH^ CH:CH ' OOOH 4-Tio 
=L a H 4 <.^oC()OH, + J1 2° 


which then parts with acetic acid, yielding 
coumann : 


n .. ^CH : CH COOH 
^«u«\OCOCH 3 

=c 6 h 4 < 


y CH : CH 

) — lio 


+CH/COOH 


By treating salicylaldehyde ( I molecule) with 
excess of acetic anhydride (4 molecules) for 0 
hours at 1H0°, coumann is formed (Reychler, 
Bull. Soc clnm. 1897, 17, 517) 

Courmrin is also formed in Hmall quantity 
by heating a mixture of phenol and malic acid 
with sulphuric acid 

CJJX'OOH 

c„H ri -oir+ 

CH(OH)'COOII 

/CHrCri 

=C fl H/ | +CO+3TLO 

4) — CO 


(Von Peohmann, Ber 1883, 2119; 1884 , 929, 
1549) 

It has also been obtained from o-ehloro- 
cinnamie acid which is reduced eleetrolytically 
to o-ehloro-hydrocmnamic acid and then heated 
with aqueous sodium hydroxide to 250°, when 
melilotic acid is produced. Thionylchlonde 
converts meluotic acid into melilotic anhydrides, 
from which coumann results by oxidation with 
bromine vapour at 270°-28()° (Moyer, Beer and 
Lasch, Monatsh. 1913, 34, 1(155). 

Substituted coumarms may be obtained by 
condensing phenols with acetoaeotic ester or 
with malic acid in the presonce of concentrated 
sulphuric acid. 

The condensation of acetoacetie ester or 
malic acid with substituted phenols (containing 
alkyl, hydroxyl nr dialkyl-ammo groups) gives 
good yields if the groups arc present m the 
positions as shown — 

X 



The condensation is, however, prevented by the 
presence of nitro, carboxyl or earbethoxy groups 
(Clayton, Client. Soc Trans., 1908, 2018). it 
is also very considerably affected by the concen- 
tration of the sulphuric acid usod. 

Coumarin forms rhombic crystals melting at 
70° ; boils at 290°-290 , 5° ; has a pleasant, aro-« 
matic odour ; is scarcely soluble in cold water, 
readily soluble in boiling water, very solublo in 
alcohol and ether. Crude coumarin may be 
purified by repeated boiling with light petroleum 
(Olaassen, Pharm. J. 1897, 161). 

It dissolves in caustic alkalis, and is re- 
preoipitated on addition of acids. If, however, 
it is heated for some time with concentrated 


This compound can bo reconverted into cou- 
mann by heating it with acetic anhydride ; but 
when heated alone it is decomposed, yielding 
phenol and other substances. Reduction of 
coumarin with zinc in alkaline solution or sodium 
amalgam m aqueous solution yields melilotic 
acid as the chief product ; with sodium amalgam 
and alcohol hydrocoumaric acid is formed 
(Williamson, J. 1870, 587). 

On account of the differences shown between 
coumarin and thiocoumarin, it has been sug- 
gested that the two compounds should bo 
represented by the annexed formulae : 


c„h 4 0> 

I II 

CH : OH — C 



(Clayton, Cliein. Soc. Trans. 1908, 524). 

The tlnocoumann is produced by heating 
coumarin with phosphorus pcntasulphide, and 
m contradistinction to coumarin is coloured. 
It also reacts with phenylhydrazino, yielding 
coumann phenylhydrazone (with elimination of 
hydrogen sulphide), which cannot bo obtained 
directly from coumann itself. For an account 
of the synthetic bonzototromo acids (hydroxy- 
coumann carboxylic acids), scr Anschutz, Anna- 
len, 357, 174. 

In Ocrmany, woodruff (Ger. WaJdmeister) is 
steeped in white wine, to which it imparts the 
pleasant- aroma of coumann (Mamnv, Mai- 
travk). Instead of woodruff, an alcoholic solu- 
tion of coumann is employed for the same 
purpose under the name of Manvcinessenz. In 
larger dosos coumann is stated to have a narcotic 
action. 

Coumarin has the agreeable odour of aspenila, 
and is used in perfumery for the preparation of 
ospcrula essence. It is also frequently used to 
adulterate extract of vanilla (q.v.) (v. Lactones), 


COUMARONE 


C 6 H 4 . 


/CH' 


\o/ 


/CH. 


An oil ob- 


tained from the coal-tar fraction boiling between 
155° and 175°. After the pyridino basos and 
phenols have been removed by acid and alkali, 
it is obtained as the dibromidc on addition of 
bromine. The dibromide is reduced to coumarone 
by alcoholic potash and sodium amalgam 
(Kraemer and Spilkcr, Ber. 1890, 78). It c*an 
also be obtained from this Rourco by adding 
picric acid to tho mixture of oils, whereby the 
pierate of coumarone crystallises out. Tnis is 
separated, decomposed by hot water or dilute 
alkali, and the coumarone obtained by steam 
distillation. Tho picric acid is recovered and 
usod for another operation (Ch. Fab. Act. ges. 
Hamtyirg, Eng. Pat. 1422; T). R. P. 53793; 
Ber. 1891, Rof. 233). Coumarono has been syn- 
thesised by heating o-hydroxy-w-chlorcinnamene 
OH*C fl H 4 'CH : CHC1 with potash, hydrogen 
chloride being eliminated (Komppa, Ber. 1893, 
2968). It has also been prepared by heating 
phenoxy acetaldehyde with zinc chloride in 
glacial acetic acid (Stoermer, ibid. 1897, 1700). 

Coumarone boils at 174‘0° (corr.) (Perkin, 
Chem. Soc. Trans. 1896, 1249). It is unacted 
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upon by potash or by hydrochloric acid. Sul- 
phuric acid roaots with coumarone in benzene 
solution, producing a soluble resinous material 
paracoumarone. (C fl H # 0) lt which is used to pre- 
serve wood and paper. Other polymcrides are 
known. Coumarone is of interest as, when 
passed through a red-hot tube with benzene, 

f jhenanthrene is produced, and with naphtha- 
ene, chrysene is produced (Kraomer and 
Spilker, Ber. 1 MOO, 84). The methyl coumarones 
are present in the coal-tar fraction of b p. 185°- 
195° (.Stoermer and Bom, i bid. 1900, 9013). 

COUMARONE RESINS. Technical Cou- 
marone rosins arc prepared by treating solvent 
naphtha with sulphuric acid. They differ from 
the pitches by their ready solubility m acetone, 
and from the condensation products of phenols 
with formaldehyde by their solubility m petro- 
leum spirit and by not yielding phenol when 
heated with soda-lime at 200". They differ 
from the natural rosins in being optically 
inactive, in having a lower melting-point, 
saponification value and iodine value. They 
are classified for commercial purposes according 
to their colour and hardness ; those softening 
above 50° are termed 1 very hard,’ between 40" 
and 50° ‘ hard,’ and between 30" and 40° 

‘ medium hard ’ For methods of their examina- 
tion, see Mareusson, (diem Zeit. 1919, 43, 109- 
122 ; Analyst, 1919, 44, 203. 

If coumarone rosins are, distilled under 
ordinary or under reduced pressure they yield 
yellow oils between 150" and 240°, consisting 
mainly of coumarone, or partially depolymensed 
paracoumarone, together with mdene hydnndcne 
and small quantities of phenol By treatment 
with condensing agents and catalysts these oils 
again yield resins varying in character with the 
nature of the catalyst. Coumarone oils are not 
autoxidisable like drying oiIr, but when mixed 
with 4-0 p.e. of driers, such as the resinates of 
lead or manganese, they yield dry films. The 
distinctive oxidation process of coumarone oils 
is to be attributed to indene (E Stern, Zeitsch. 
angew. Chem. 1919, 32, 240) 

COUPIER’S BLUE V. J VIHJLINES. 
C0VELLITE. Native cupric sulphide, Cuft, 
crystallising in the hexagonal system. Crystals 
are rare and havo the form of thin six-sided 
plates. Fine large crystals have been found at 
Butte in Montana. The mineral has a charac- 
teristic indigo-blue colour, hence the name indigo- 
copper (Cerman, Kupfenndig). Jt occurs in most 
copper-mines aH a blue, earthy coating on-other 
sulphide ores of copper, and is sometimes found 
in sufficient quantities to be of importance, as 
an ore. e.g. at Butte in Montana, and Copiapo 
in Chile. Oovellite containing platinum (as 
the mineral sperrylite, Ft As.,) is mined in the 
Medicine Bow Mountains in Wyoming. 

L. J. ft. 

COW TREE WAX r. Waxes. 

COXPYRIN. ftyn. for acetyl salic ylic {icid. 
CRANBERRY, the fruit of Vacnnntm 
Oxycoccos (Linn.). 

American analyses give as the average 
composition of the berries : 

Water Protein Fat. Carbohydrates Ash 

88-5 0-5 0-7 10-1 0-2 

Konig gives : other 

Water Protein Free acid Sugar carbohydrates Ash 

89'6 0 12 2'3 1-5 - 6 3 0-15 | 


The juice of cranberries was examined by 
Mach and Porteio in 1888 (Landw. Verauchs. 
Stat. 1889, 38, 69), who found a litre of the 
fresh juice to contain (in grammes) 

Invert Acidity (a3 Benzoic Tannic 

sugar malic acid) acid acid Ash Nitrogen 

87*1 19-0 0-75 2-2 3'0 0*11 

The sp.gr. of the juice averaged 1 0591. 

The juice will not ferment with yeast, owing, 
it is said, to the presence of benzoic acid, but 
this may be due to the poverty of the juice in 
nitrogenous matter, for Otto (Bied. Zentr. 1899, 
28, 284) found that bilberry juico would only 
ferment vigorously with yeast after the addition 
of asparagine (ahout 0*6 gram per litre) or of 
ammonium chloride (about 03 gram per 

Rising (Bied. Zentr. 1915, 44, 163) found in 
cranberries, benzoic, isovaleric, malic and citric 
acids, fermentable sugars and a glucosido — 
varan mi C 4 H,,0 6 Bz. The amount of sugar 
varied from 5*7 to 10*4 p.c., and that of benzoic 
acid from 0 108 to 0 455 p o. The keeping 
qualities of the fruit are dependent upon the 
amount of benzoic acid present. 

The pigment of the cranberry consists of an 
antlioeyanin— a compound of galactose, with a 
oyanidm, the chloride of which has the com- 
position C J6 1I U 0 8 C1 (Willstu iter, ftitzungher. 
K Acad. Wish Berlin, 1914, 12, 402). 

Claassen [ibid. 16, 70) isolated a bitter sub- 
stance from cranberries, to which he gave the 
name oxyroran, and which he found to give 
reactions similar to those of arbutin (I 12^16^7* 
omirnng in the leaves of the red boarbeiry, 
Arctostaphylos Um-vrsi (ftpreng.). 

The ash of cranlierry juice, contains about 
3 p.e. of phosphorus pentoxide and 47 p.e. of 
potash. II. I. 

CREAM OF TARTAR v. Tartaric aoit>. 

CREATINE, Melltylqh/cocyurmvc, Mcthylgva • 
.ninoacehc acid H 2 N , (!(NH)NMe , CH 2 -C0 2 li,II,0 
discovered by Chovrcul (Annalen, 1835, 4, 293) 
m muscular flesh (xpf'as= flesh), occurs in 
human flesh, in the flesh and blood of many 
warm ami cold blooded animals and in urine 
(Liebig, Annalen, 1847, 62, 257 ; Gregory, ibid. 
1848, 64, 105 ; Schlossbcrger, ibid. 1848, 66, 80 ; 
Voit, Z. Biol. 1868, 4, 77 ; Price, Chem. Soc. 
Trans. 1851, 3 ; Marcet, ibid. 1864, 2, 406 ; Folin 
and Denis, J. Biol. Ghetn. 1914, 17, 488 ; Rose, 
ibid. 1911, 10, 265); the amount varies with 
the species and the organ ; tho flesh of fowl 
yields 3*21 p e. ; of pigeon, 0 825 p.c. ; of ox, 
0*697 p.c. ; of ox heart, 1375 p.c. ; of herring, 

1 324 p.e. ; and of brill, 0*614 p.c. (Gregory, l.c . ; 
Bekor, Zeitsch. physiol. Chem. 1913, 87, 28; 
according to Myers and Fine (J. Biol. Chem. 
1913, 14, 9-12) it is constant for a given animal 
Okuda, 8th Int. Cong. App. Chem. 1912, 18, 275. 

According to Folin (Amor. J. Physiol. 1905, 
13, 45, 66, 117), van Hoogenhuyze and Ver- 
ploogl (Zeitsch. physiol. Chem. 1908, 57, 161), 
Mellanby (J. Physiol. 1908, 36, 447), muscular 
croatine has its origin in the liver. This organ is 
continuously forming creatinine from substances 
carried to it by the blood from other organs, and 
in the developing muscle. This is changed to 
creatine, until the muscle is saturated with 
croatine, when the excess of creatinine is 
excreted by the kidneys. Cf., however, Folin 
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and Denis (ibid. 493-496 and 600-601) who 
suggest that creatine is part of living vertebrate 
protoplasm and the creatine of muscles a post- 
mortem product, and that creatinine elimination 
is a measure of the total normal tissue metabol- 
ism and independent of any special function of 
the liver ; see also Myers and Fine (ibid. 1913, 
16, 283-286 and 301-304) ; Inooye (Zeitsch. 
physiol. Chem. 1912, 81, 71-79); Kieser (ibid. 
19i3, 86, 416-463, and 1914, 90, 221-235); 
Myers and Fine (i bid. 1913-14, 16, 169, and 
ibid. 1915, 21, 377); Rose and Dim mitt (J. 
Biol. Chem. 1916, 26, 345) ; Baumann and Bines 
(J. Biol. Chem. 1917, 31, 549) The creatine is 
presumably combined with the muscular proto- 
plasm, for though a readily dialysable sulwtance, 
it does not pass into the surrounding lymph oi 
blood in vitro, nor is it readily obtainable by 
diffusion from muscular flesh (Urano, Beitr. 
Chem. physiol. Path. 1907, 9, 104). (if, how- 
ever, Folin and Denis (J Biol. Chem. 1914, 17, 
499); Leo and Howe (Pro Amor. Hoc. Biol. 
Chem. 1912-13, xlm. For the origin of urinary 
creatine, see Benedict and Osterbcrg (J. Biol. 
Chem. 1914, 18, 195) , Myers and Fine (ibid. 
1913, 15, 301) 

In order to extract creatine, the flesh is heated 
with its own weight of water at 60°, and the 
juice expressed The flesh extract is then heated 
to coagulate the protein, and filtered ; the filtrate 
is treated with iiasir lead acetate until no further 
precipitation occurs, and again Altered after 
removing the excess of lead from the filtrate by 
sulphuretted hydrogen, when it is evaporated 
until creatine separates on cooling ; this is washed 
with alcohol and recrystallised from water 
(Neubauer, Zeitsch anal Chem. 1863, 2, 26; 
1867, 6, 33). Creatine may be prepared by tlio 
decomposition of creatinine zinc chloride by 
means of calcium hydroxide (Benedict, J. Biol. 
Chem. 1914, 18, 186). 

Croatine is prepared synthetically by heating 
sarcosino with cyanatnido at 100°. 
CNNH 2 +NHMc-CH„-C0 2 1I 

=NH : C(NH 2 )-NMe-CH 2 -C0 2 H 

(Volhard, Z. Chem. N F. i860, 5, 318 ; Strecker, 
J. 1868, 686) ; or, together with creatinine, by 
fusing sarcosmc* with guanidine carbonate (Paul- 
mann, Beilstein Suppl. 1 . 657). 

Creatine forms colourless transparent mono- 
clinic prisms, containing 1H 2 0, which it loses at 
100° ; it dissolves in 74 '4 parts of water at 18° ; 
or in 9810 parts of cold absolute alcohol, and 
is insolublo in ether (Liebig, Annalen, 1847, 62, 
257). Heat of combustion at constant pressure is 
4240 calories (Emery, Benedict, A mer J. Physiol. 
1911, 28-307). The presence of urea, creatinine, 
or certain salts, raises the solubility of creatine in 
water and alcohol (Neubauer, he . ). The aqueouR 
solution is neutral, and has a bitter, harsh 
taste. 

Creatine is decomposed by boiling baryta 
water into sarcosino, urea, and methylhydantom 
NH:C(NH 2 )-NMcCH 2 -C0,H-fH 2 0 

— CO(NH 2 ) 2 -f NHMe-CH a *C0 2 H 
NMe'CH,, 

0O(NH l ) 2 +NHMe , CH 2 , CO 2 H“XyO // I 
Nnh * CO 

(Neubauer, Annalen, 1866, 137, 294) ; or by 
inerourio oxide and water into oxalic acid and 


methyl guanidine ; or bv heating with soda-lime 
into ammonia and methylamine. Treated with 
mercuri > acetate in presence of sodium carbonate 
it yields a-meihylguanidinoglyoxylic acid NH 2 * 
C(NH)*NMe*C0 , C0 2 H,2H 2 0 ; glistening flakes, 
m.p. 203°- 204° (Baumann ana Ingvalasen, J. 
Biol. Chem. 1918, 35, 277). When potassium 
hydroxide is added to an aqueous solution of 
creatine and silver nitrate until the white precipi- 
tate first formed just redissolves, the liquid 
solidifies to a transparent gelatinous mass im- 
mediately reduced on heating, or in the course of 
a few hours at the ordinary temperature. The 
addition of potassium hydroxide to a solution of 
creatino and mercuric, chloride precipitates a 
white crystalline compound (C 4 H 8 0 2 N 3 ) 2 Hg,Hg0 
(Engel, Compt. rend 1874, 78, 1707 ; 1875, 80, 
885) Creatine is converted into creatimno by 
heating with dilute mineral acids for some hours 
(J)essaignes, ,1.1857, 544), oral 117°for 15minutes 
(Benedict and Myers, Amer. J. Physiol. 1907, 18, 
362) ; or by boiling down to dryness the solutimr" 
of creatine to which has been added an equal 
volumo of hydrochloric acid (Benedict, J. Biol. 
Chem. 1914, 18, 192) ; or by heating with water 
only in scaled tubes at 100° for 2-3 days (Neu- 
bauer, Zeitsch anal Chem. 1863, 2, 33). Smoro- 
dmcev (J. Russ Phys Chem. Ces. 1915, 47, 
1275-9) obtained a double salt of silver nitrato 
and creatinine, C 4 H 7 0N 3 ’AgN0 3 (decomposes 
188°-191°) on treating pure creatine with silver 
nitrate in a slightly acid solution. 

Creatine forms soluble normal salts with the 
mineral acids (Dessaignes, Annalen, 92, 409), 
and readily soluble compounds with zinc 
chloride C 4 M 9 (),N.„ZnCl 2 ; and cadmium chloride 
C 4 H 9 () ,N 3 ,CdCf.„2H 2 () (Neubauer, ibid. 137, 

300) . 

Creatine is not usually estimated directly ; 
it is converted into creatinine (q.v.), and esti- 
mated as such ; for the estimation of creatine 
in urine, v. Benedict (,J. Biol. Chem. 1914, 
18, 192) and Walpole (J. PhyBiol. 1911, 42, 

301) , who makes use of the fact that a pale red 
colour is given by alkaline solutions of creatine 
and not by creatinine when a trace of diacetyl * 
is added. For its estimation m blood v. Green- 
wald (Proc. Soe exp. Biol. Med. 1917, 14, 115). 

a-U uaru nopropionic acid, (dacreahnc 
NH.,-C(NH)NHCHMe-C0 2 H 

from alanine and cyanamide (Baumann, Annalen. 
1873, 167, 83), an isomeride of creatine forms, 
sparingly soluble prisms. 

The liomologues of creatine are prepared by 
the action of cyanamide on tho corresponding 
| amino-acid in the presence of ammonia, e.g. 
a -ami n ocaprocynmi n e 

NH 2 -C(NH)Nn-CH(C0 2 H)CH 2 -CHMe, 

from leucine and cyanamide (Duvillior, Compt. 
rend. 1886, 103, 211 ; 1887, 104, 1290). Accord- 
ing to Duvillicr (l.c.) methyl- or ethylamino- 
acids ^riold with cyanamide the correspond- 
ing creatinine. The creatine is formed only in 
the case of methylglycocine and /3 : metnyl- 
aminopropionic acid, the latter yielding methyl - 
alacrcatine NHj’CfNHpNMo'OHMe’COiH (Lra* 
denberg, J. pr. Chem. 1875, [2] 12, 253). This 
generalisation is not confirmed by Gans^er 
(Zeitsch. physiol. Chem. 1909, 61, 16), who 
obtained the creatinine and not the creatine 
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from a-methylaminopropionic acid and oyana- 
mide, but prepared fi-melhylguanmopropionic 
acid NH a -C(NH)NMe1CH 8 ] a C0 l H,H 2 0, m.p. 
201°-202°, from cyanamide and j8-methylamino- 
propionic acid, and y-methylguaninobutyric acid 
NH 2 -C(NH)NMe-[0H 2 l 3 CO 2 H, m.p. 307°, from 
cyanamide and y-niethylammobutyric acid. 

Formaldehyde and creatine yield the com- 
pound C 3 H lt d 3 N 3 ,2H s O, decomposing at 250°, 
and forming a dibenzoyl derivative C„H y 0 3 N 3 Bz.„ 
m.p. 2G5°-20G° (Jaff6, Ber. 1902, 25. 28%). 

Phthalyld i err at me 

C B [I 4 [CO*NiL-C(NH)-NMo-CH 2 -C0 2 II) !! 
has m.p. 212° (IJrano, Beit. Chem. Physiol. Path 
1907, 9, 183). Duicctylcreatme 

mi ■ C(NHAc)NMe'CH,'C0 2 Ac 
has rap, 105° (Erlenmovei, Annalen, 1895, 284, 
50). ‘ M. A W. 

CREATININE, M ethyl qlycoryam id me 
- ^/NMe CIL, 

0 : NH j 
\NI1 *CO 

discovered by Liebig in human urine (Annalen, 
1847, 02, 208), the amount excreted being 
20-30 mg. per kilo weight of body per diem 
(Koch, Amer. J. Physiol 1905, 15, 1), is also a 
constant constituent of the urine of horses, 
eows, dogs, pigs, and rabbits ; it is found m 
muscle (Shaffer and Reinoso, Proc Soc Biol. 
Chem. 1910, 7, xxx. ; Meyers and Fine, J Biol 
Chem. 1915, 21, 383) and occurs in small quail- I 
titles m the flesh of fish, about 0 2 p c m the I 
ease of cod (Poulsson, (’hem Zentr 1904, n 
30) ; for other estimations, arc Okuda (8th lilt. J 
Cong. App, Chem. 1912, 18, 275); and traces 
(0 '000098 pc, Cooper (’oils, J. Physiol 1890, 
20, 107) are found m the blood. Aeeording to 
Fohn and Donis (J Biol Chem. 1914, 17, 487) 
normal human blood contains 1 mg creatinine j 
and 0-8 mg. of creatinine and creatine per 100 j 
grs. blood. In domestic animals it is about the j 
same; in birds 0 1 mg creatinine but. 11 mgs j 
creatinine and creatine. It, is probably a normal 
constituent of all soils (Shprey, J Amer Chem. 
Soc. 1912, 34, 99-107 ; Sullivan, J. Amer. Chem. 
Soc. 1911, 33, 2035-42) and vegetable matter 
(Oshitna and Ariizumi, J Coll. Agrie. Tohoku 
Imp. Univ. 1914, 0, 17-25). 

Under normal conditions, the excretion of 
creatinine is constant from day to day and hour 
to hour (Shaffer, Amer. J. Physiol. 1908, 23, 1) ; 
it.^s not affected by diet or exorcise (Folin, ibid. 
1905, 13, 45, 00, 117; Pekelharing, van Hoogen- 
huyzo Verploegh. Proe. k. Akad. Wetcnsch, 
Amsterdam, 1905, 8, 303 ; Klerckcr, Beit. Chem. 
Physiol. Path. 1900, 8, 59). It is now generally ' 
rogarded as one of the end products of endo- 
genous nitrogenous katabolism, the liver con- 
tinuously forming creatinine from substances 
carried to it by the blood ; cf , however, Fohn 
and Denis (J. Biol. Chem. 1914, 17, 500^501); 
part of this creatinine furnishes the muscular 
creatino by the change it undergoes in the 
developing muscle, v. Cmcatink ; the rest is 
excreted by the kidneys (Folin, l.c. ; Mellanby, 
J. Physiol. 1908, 30, 447: Lefmann,, Zeitsck 
physiol. Chem. 1908, 57, 470). In cases of fever 
or starvation, the amount of urinary creatinine 
is increased, the material wanted for contraction 


being drawn from the muscular proteids (Pe- 
kelharing, van Hoogenhuyze Verploegh, l.c. ; 
Leathes, J. Physiol. 1907, 35, 205). In cancer 
of the liver, the urinary creatinine is diminished 
and the creatine is increased (Mellanby, he. 
ext.). 

Creatinine is extracted from urine by 
evaporating to one-third the original volume, 
decanting from the salts that crystallise out, 
precipitating with lead acetate and filtering, 
removing the lead from the filtrate and precipi- 
tating the creatinine as the sparingly soluble 
double salt with mercuric chloride. Tliis is 
separated, decomposed by sulphuretted hydro* 
gon, and the creatinine crystallised from the 
filtrate as the hydrochloride (Maly, Annalen, 
1871, 159, 279) , or by precipitating it as creatin- 
ine potassium picrate with subsequent decom- 
position of the double salt (Folin, .1. Biol. Chem. 
1914, 17, 403-407; Benedict, ibid. 1914, 18, 
184-190). 

For extraction from the body tissues and 
fluids, .see Costantino ((’hem Zentr. Ptl 5, 11, 
287, from Arch farm, sper 1915, 19, 254-258.) 

Creatinine boars the same relation to creatine 
as hydantoi'n to hydantoie arid 

/NU a .Nil CO 

CO< , CO x I 

NIPCIL-COJl n NH‘CH 2 

Hydanto'ie acid. Hydnntoin. 

^NH, ,^-NHCO 

0 • NH , C Nff | 

\NMc-Cll/CO,H ^NMe CH 2 
Creatino. Creatinine. 

and is prepared by boiling creatine with dilute 
mineral acids for some, hours (Liebig, Annalen, 
1847, 02, 028) or by heating at 117° for 15 
minutes under pressure (Benedict and Myors, 
Amer. J. Physiol. 1907, 18, 302), or by boiling 
down to drynoss with an equal volumo of 
hydrochloric acid (Benedict, J. Biol. Chem. 

1914, 18, 192). 

Creatinine can be prepared synthetically by 
heating guanidino carbonate with sareosine at 
140° -100° (Horbaczewski, J. Pkarm. Chim. 
1885, 80). A quantitative yield is obtained 
by heating N-methylglyeocyamino with an 
organic acul (I). R. P. 281051, from «T. Soc. 
Chem. 1 rid. 1915, 34, 037). 

By heating creatinine with silver nitrate and 
baryta in excess on the water-bath for about 
an hour a nearly quantitative yield of methyl 
guanidino can be obtained (Ewins, Bio-Chem. 
<T. 1910, 10, 104). By oxidation with mercuric 
acetate it yields a-methyl guanidinoglyoxylic 
acid (Baumann and Ingvaldsen, J. Biol. Chom. 
1918, 35, 277). 

Creatinine forms anhydrous monoclinio 
prisma solublo in 1P5 parts of water or 100 parts 
of absolute alcoiiol at 16° (Liebig, l.c.), and 
separates on slow evaporation of dilute solutions 
»in square plates containing 2H a O (Salkowski, 
Zeitsch. physikal. Chem. 1880, 4, 133). It is a 
weak base, displacing ammonia from its salts, 
and forming soluble salts with the mineral acids 
(Liebig, l.c.), the picrate C 4 H 7 0N 3 ‘C,H 3 0 ? N 8 , 
m.p. 212°-213°, crystallises in sparingly soluble 
yellow needles ; the acid picrate 

C|H 7 0N 3 '2C e H 3 0 7 N 3 
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has m,p. 161°-166° (Mayerhoffer, Wien. Klin. 
Woch. 1909, 22, [3J) ; the tartrate 
(C 4 H 7 0N 8 ) 2 -C 4 H # 0, 
decomposes at 207°-209° ; the oxalate 
(C 4 H 7 0N 3 ) a *C a H 2 0 4 

is sparingly soluble in alcohol (l’oulsson, (jhem. 
Zentr. 1904, li. 30). Creatinine forms charac- 
teristic double salts with platinie chloride 
(C 4 H 7 ON 3 ,HCl),,-PtCi 4 , orangc-red plates, m.p. 
220°-225° ; with auric chloride 

C 4 H 7 ON 3 HCl'AuCl 3 

yellow crystals, m.p. 170°- 174°; with potassium 
picrate C 4 G 7 0N 3 C a H 3 0 7 N 3 KC e H 2 0 7 N 3 , lemon- 
yellow prisms, 100 parts of water dissolve 0 1800 
part of the salt at 19°-20° ; with zinc chloride 
(C 4 H 7 ON 3 ) 2 ’ZnCl 3 , almost insoluble in alcohol 
(Hemtz, J. 1847, 48, 883); with mercuric 
chIoride4(C 4 H. 6 HgON s HCl)‘3HgCl a ,2H 2 0 (John- 
son, Proe. Koy. Soc 1886, 43, 493). 

Creatinine is converted mto creatine by the 
action of cold dilute ammonia or calcium 
hydroxide solutions ; or on treatment with 
iodine (Reichardt, Pharm. Zoit. 1911, 50,922); 
boiling baryta solution conveits it into ammonia 
and methyl hydantoin ; with alkaline oxidising 
agents it yields methylguanidme and oxalic acid, 
but is comparatively stable towards acid per- 
manganate solutions (Jolles, Per. 15)02, 35, 100). 

The presence of creatinine in dilute solution 
or m urine can be detected by (1) Maschke’s test 
(Zeitsch. anal. Cliem. 1878, 134), which consists 
in the formation of a sparingly soluble double 
compound of creatmine and cuprous oxide, | 
when the suspected solution is heated at 50 c> -0()° 
With Fehlmg s solution ; as the cuprous oxide is 
formed by the oxidation of part of the creatinine, 
it is advisable to add a little glucose to the 
mixture ; the test is sufficiently delicate to 
allow of the detection of part of creatinine 

(2) Weyl’s test (Per 1878, 11, 2175) consists in 
the production of a ruby-ied colouration, 
changing to yellow when, to a solution of 
creatinine, a few drops of 10 p.e. sodium mtro- 
russide and the same quantity of 10 p c. sodium 
ydroxide or carbonate solution are addl'd On 
acidifying the solution with acetic acid and 
boiling, the colour becomes emerald gieen, 
changing to blue, due to the formation of 
Prussian blue (Salkowski ; Colasanti, Gazz. 
chim. ital. 1887, 17, 129). Guareschi (Per. 
1888, 21, Ref. 372) has shown that this reaction 
is given by other compounds than creatinine 
containing the — CO'CH, — complex. (3) 
Jaffo’s test (Zeitsch. physiol. Cliem. 1886, 
10, 399) is the production of a deep-red colour, 
when picric acid and an excess of sodium 
hydroxide solution are added to the liquid 
containing the creatinine. Chapman (Chem. 
News, 1909, 100, 175) has shown that the 
colour is due to the sodium salts of amino- 
dinitrophenol (picramic acid), and diamino- 
nitrophenol formed by the reduction of the 
picric acid by the creatmine ; if the creatinine 
is present in excess, reduction to the colourless 
triaminophenol occurs. 

The older methods for the estimation of 
creatinine were based upon the isolation of the 
base in the form of its sparingly soluble double 
salt with mercuric or zinc chloride, and either 
weighing the precipitate or estimating the metal 


or the nitrogen in the compound (Neubauer, 
Annulen, 119, 35; Salkowski, Zeitsch. physiol. 
Chem. 1886, 10, 113; Grocco, Chem. Zentr. 
1887, 17 ; Kolisch, ibid. 1896, i. 814 ; Ladd and 
Bottenfield, Amer. Chem. J. 1898, 20, 869). 
Edleson (Chem. Zentr. 1909, i. 108) recommends 
precipitating the sulphate in the presence of alco- 
hol and ether, dissolving it in water, and titrating 
the solution with standard barium hydroxide 
solution, using phenol phthalein as indicator. 

The method generally adopted for estimating 
creatinine in urine is Folin’s colorimetric method, 
based on Jaffe’s reaction (Zeitsch. physiol. Chem. 
1904, 41, 223). N/2 potassium dichromate 
solution is placed to a height of 8 mm. m one 
t ube of a Duboscq colorimeter ; 100 c.c. of the 
urine is placed in a 500 c e. flask with 10 c.c. of 
a 1 2 p.c solution of picric acid and 5 c.c. of a 
10 p.c. solution of sodium hydroxide, left for 
a few minutes and made up to the mark. If x 
is the length of this solution in the second tube 
required to give the same colour effect as t l, « 
8 mm. of the standard dichromate solution m 
the lirst tube, then 8 1 X 10/.r— mg. of creatinine 
m the 10 c c of the urine. If x is less than 5, 
only 5 e e. of urine should be used ; if a: is greater 
than 13, then 20 c.c. of urine should be used. 
If creatine jh also present in the urine, the 
amount may be estimated by first determining 
the creatinine as above, then converting the 
[ creatine in another 10 c.e of the urine to 
I creatmine by beating it. with 5 c e. of N/2 HC1 
I on the water-bath for 3 houis or for 15 minutes 
I at 117° under pressure (Benedict and Myers, 
Amer. J, Phys. 15)07, 18, 362), or by boiling down 
to dryness with an equal volume of hydrochloric 
acid (Benedict, J. Biol. Chem 15)14, 18, 191-194), 

I and estimating the total creatmine. The diffor- 
I cnee between the two results represents tho 
j amount of creatinine equivalent to the creatine 
j originally present. (For precautions to be 
! observed regarding temperature, tune, and 
dilution, m applying this method for the estima- 
tion of creatmine, compare Chapman, Chem. 
News, 1909, 100, 175.) Folin and Morris (J. 
Biol. Chem. 15)14, 17 , 4651-4 73) recommend the 
use of a standard solution of ereatimne instead of 
a dichromate solution ; sec also Folin and Doisy 
{ibid. 1917, 28, 349-356) ; Gettler (ibid 29, 47). 
The presence of dextrose, acetone and aceto- 
acetie acid interferes with the final colour re- 
action and various suggestions have been made 
for overcoming the difficulty (Graham and 
Poultoij, Proc. Roy. Soc. 1914, B, 87, 212 ; 
Greenwald, J. Biol. Cliem. 1913, 14, 87 ; Rose, 
J. Biol. Chem. 1912, 12, 73-80). Morris, J. Biol. 
Chem. 1916, 21, 201-208, recommends the pre- 
liminary precipitation of creatinine as tho 
double potassium picrate. See Bauman and 
Ingvaldsen (ibid. 1916, 25, 196-200) for the 
quantitative precipitation of creatinine with 
potassium picrate. 

An isomende of creatinine, a lacreatinine, 
, * NH— CO 

HN:i 

nA CHMe 

was prepared in 1873 (Ber. 6, 1371), and other 
isomerides have been described by Komdorfer, 
Arch. Pharm. 1904, 242, 620; Schenok, 
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ibid. 1910, 248, 376, and 1911, 249, 463; 
Schmidt, ibid. 1910, 248, 6G8 ; Johnson and 
Nicolet (J. Amer. Chom, Soe. 1916, 37, 11, 
2417) obtained two methyl glycocyamidines 
isomeric with creatinine by the action of methyl- 
amine on the ethyl enter of benzoylpseudo- 
ethylthiohydantcue acid. 

Two isomeric nitrosocreatimnes were obtained 
by Dessaignes (Annalen, 1856, 97, 341) and 
Mareker (ibid. 1866, 133, 306) by passing the 
nitrous fumes from the action of nitric acid on 
arsenious oxide into an acid solution of creatinine 
The leas soluble aoi it roson call, nine C 4 H fl O a N i 
decomposes at 2 1 0'% forming a colourless liquid 
that quickly solidifies to a brown mass horn 
which a new base C 7 H la O,N 10 (?) can be ex- 
tracted ; it, forms a crystalline nitrate, hydro- 
chloride, and platinii him ide, and yields the brovio- 
derivative (! 4 H 7 () 2 N 4 lir. The more soluble fi-tulio- 
uocrcatirunc (! 4 11 8 0 J N' 1 melts at 195" to a brown 
liquid and decomposes at 220". 

.cx- According to Kramm (Chern Zentr 1898, l 
37), the yellow colour formed by the interaction 
of sodium nitioprusside and sodium hydroxide 
on creatinine (cf. Woyl, Bei. 1878, II, 2175), is 
due to the formation of a nifio*oa eat mine 
U 4 H t O,N 4 , which can he isolated as a colourless 
crystalline precipitate by adding acetic acid 
to tho yellow alkaline solution and shaking 
vigorously. According to Schmidt and llenmg 
(Arch. Fharm. 1912, 250, 345) this is an oxime , 
they find that on treatment with sodium nitrite 
ui nitric acid solution creatinine yields a mixture 
of methyl hydantom oxime, m p. 193 ’ 1 94°. and 
creatinine oxime, which begins to discolour at 
250° but does not melt. 

The following aryl - and alkyl- derivatives of 
creatinine have been prepared : lienzoijlnuih - 
nine (! u H n (),,N,, pale yellow needles, m p. 
187° (Uruno, Beiti (!hem. Physiol. Tatli. 1907, 
9, 183) ; mrth yl, dimethyl and trinnthyl crcutnmu 
and salts (Korndorfer, Arch I ‘harm. J904 , 242, 
641 ; Kunze, Arch. Fharm. 1910, 248, 578-93). 

/NMedlHj, 

Methyl creatinine HN:C/ 1 gives an 

N Mod 10 


yNEfCH, 


elhylaminoaceiocyaviidin t 


methylaminoisovaler ucyamidine 

/NMe'CH’CHMcjj 
HN:C< I 
x NH-CO 

/NHd'O 

a-anunocam'oeyamidtne C(;NH | 

\nJH-CH-[CHJ 3 Mc 


(Duvillier, Compt. rend. 1882, 95, 45(1 ; 96, 
1583; 97, I486; 100,916; 103,211; 104, 

1290). — For Xanlho-, Crmo-, and Am, pin -creati- 
nine v. Xanthacn at tv me. M. A. W. 

CRE0L1N. A disinfectant consisting of an 
emulsion of coal tar cresols with soap. 

CRE0S0F0RM. A condensation product of 
formaldehyde and creosote. Used as an 
internal antiseptic. 

CREOSOL v. Creosote, wood tar. 

CRE0S0TAL (t'/eowle carbonate) is a mixtuie 
of carbonates of the phenols piesent m wood 
creosote, of which the chief arc guaiacol and 
creoNol. 

It is produced by heating creosote with a 
benzene solution of carbonyl chloride (phosgene) 
under pressure (Hey den, Eng Fat 19074,1890), 
but is generally piepaied by passing phosgene 
gas thiough a solution of beeehwood creosote 
ui caustic soda solution The carbonate 
separates as an oil, and is washed with dilute 
caustic soda and linally with water, 

(Teosotal is a Mscid yellowish liquid, in- 
soluble in water, but soluble m alcohol, chloro- 
form, benzene, iVc (Aufieoht, Fharm. Zeit. 1908, 
53, 480). When it is boded with caustic potash, 
the odour of creosote is evolved. It is quite 
odourless, tasteless, and non-irritant m its action 
upon the mucous membrane, and is therefore 
much used as a substitute for eicosote m the 
treatment of bronchial affections and pneu- 
monia, especially in children (Weber, Fharm. J. 
68, 115; Toff, ibid 73, 414) The dose for 
adults is about 00 grains daily, and it is usually 
given m an emulsion (llaefelin, Fharm. Zeit. 49, 


aurichloride, m.p. 170°~171°, and dimethyl 
creatinine gives an aurichloride, m p. 128°- 129°, 
and a platiniehlonde, m p. 177°-179". Accord- 
ing to Kunze the constitution of dimethyl- 
/NMe -<JH 2 

creatinine is MeN ; C/ \ ; it reacts as a 

\NMe — CO 


tertiary base; cthylcreulinine. 


//Nil— CO 
0 : NEt r | 
\NMe- OH, 


(Neubaucr, Annalen, 119, 50), see. Henzerling 
(Arch. Fharm. 1910, 248, 594 ; tho platim - 
chloride crystallises in monoclinic plates, m p. 
197°-21 1° ; ethykrcutuime hydnodide, m.p. 217 — 
219°; dieihylcrealtmne platmichloridc 201 -202°); 
methylamino-a-bulyrocyamidme 


//NMe-CHEt 

HN:C | 

\NH-CO 
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CREOSOTE or KREOSOTE (from icptuis, 
contracted genitive of uptas, ny-at, and (tw(w, 
I Have or preserve). Wood tar, and coal tar, 
when subjected to distillation, yield fractions 
technically known as ‘ creosote/ both of which, 
the latter more especially, find extensive and 
important uses in the industrial arts. 

Reichenbach, in the year 1832, applied the 
term ‘ kreosoto ’ to a substance derived from 
wood tar, and which lias been found to possess 
powerful antiseptic properties ; shortly after- 
wards, Runge discovered carbolic acid in coal 
tar, and the two products were, for a con- 
siderable time, regarded as identical ; similar 
compounds, however, have Hince been procured 
from other sources, and in order to prevent con- 
fusion, it lias been suggested to restrict the use 
1 of the term ‘creosote’ to the use in a generic sense 
as referring to all the phenols and phenoloid 
bodies derived indifferently from coal, wood, 
coke-oven, blast-furnace, and shale-oil tars. 
The enormous extension of the use of creosote 
oil from coal tar for the preservation of timber 
has resulted in the terms ‘ creosote ’ and * creosote 
oil ’ being used commercially as meaning the 
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heavier distillates from coal tar and coke oven- 
tar, the oils from blast-furnace tar being dis- 
tinguished as ‘ blast-furnace creosote.’ 

Wood-tar creosote. Tho tar derived from 
the distillation of beechwood, when subjected to 
further distillation, yields certain fractions that 
are heavier than water, and which, after agitation 
with solution of caustic soda, and separation 
from insoluble oils, are boiled with free access of 
air in order to oxidise various impurities present ; 
the alkaline solution thus obtained is decom- 
posed with dilute sulphuric acid, the crude 
creosote which separates is again submitted to 
a similar alkaline and acid treatment, and tho 
product finally distilled, reserving the traelion 
passing over between 200° and 220°. 

This represents tho ordinary ‘ wood-tar 
ereosoto ’ of commerce. It is a complex 
mixture of phenoloul compounds, tho proportions 
of which are materially influenced by the mctlmd 
originally followed in distilling the beechwood 
from which it was obtained. 

Wood tar creosote, when freshly prepared, 
is a colourless, transparent liquid of an oily 
consistency, and which retains its fluidity at a 
very low temperature ; its sp gr. varies from 
1037 to 1-087 ; it boils at 206°- 225°, and dis- 
solves in about 200 parts of water ; its odour 
is strong and penetrating, resembling, that of 
wood smoke, or rather of smoked meat ; it 
refracts light powerfully and burns with a very 
sooty flame. Wond-tm creosote is powerfully 
antiseptic, but its power of coagulating albumen 
has boon denied ; nevertheless, it preserves 
animal substances as effectively as carbolic 
acid. It is hiss caustic than carbolic acid, and 
is not poisonous. Wood-tar cicosote may be 
regarded as consisting of a mixture of compounds 
included in several homologous series, chiefly 
of acid nielli vlic ethers of catechol, and the 
presence of the following bodies has been 
established : — 

I toiling 

Name Formula point 

1. Monohydric phenols • 

Phenol, carbolic acid C # H 6 OII 182° 

*•}'“ ^ Pblorols j c a n 3( CH 3)2( )H 220” 

Ethyl* phenol (1-2) 203° 

2. Methyl ethers of dihydrie phenols 

Guaiacol or methyl- ( r w )OCH«) „ nM0 

catechol ( C « H MOH ( 200 

Creosol or methyl- I „ , rll vJOCHg) „ ia o 
homocatechol 1 ( I OH f i ' 19 

Tlimethy 1 homocate ) c# h 3 (CH)(OCH 3 ) 3 

Homoereosol or di- ? r M , ru ^ ) OCII, ( 
methyl guaiacol P 'o H aW"»)a i OH f 

Ethyl-gualacol ( 1-3-4) O 0 II 3 (C 2 H 6 ) { [J£ H 3 j. 

Cmrullgnol or pro-' r i1 (C jOCflJ 
pylgunlaeol f 

8. Methyl ethers of trihydric phenols : 

(OCn.i 

Dimethyl-pyrogallol C fl H 3 1 OCH 3 f 


and phlorol in notable proportion, but the two 
principal constituents of creosote are guaiacol 
and creosol, although not equally present in all 
varieties ; guaiacol, according to Allen, pre- 
dominates in Rhenish creosote, whilst with 
Morson’s creosote from ‘ Stockholm tar,’ creosol 
is the chief constituent. Homocreosol and 
coerulignol arc present in small quantity only, 
but, according to Gratae!, the latter body 
possesses such energetic and astringent qualities 
that a single drop placed on the tongue causes 
bleeding ; purified ereosoto should therefore be 
absolutely free from this compound, which may 
be detected by the blue colouration produced by 
barium hydroxide. 

Tho h\ss valuable portions of wood-tar 
creosote were found by A W. Hofmann to 
contain the methyl others of pyrogallol and its 
liomologues ; these bodies are of interest from 
the remarkable colouring matters (originally 
discovered by iiunge) which may be derived 
from them by oxidation ; thus, if the sodium 0 
derivative of dimethyl -pyrogallol be mixed 
with the sodium derivative of dimethyl-methyl- 
pyrogullol and excess of sodium hydroxide and 
heated in the air, a substance called eupiitcnu. 
and is formed, according to the following 
equation : — 

(('HH lu U. t ).+C # H l2 () 3 +20,=G !!B H 26 0 9 +3H 2 0 

Eupittonu- acid lias the constitution of a 
liexamethoxyl aurin t' l9 H (i (0( 1 H, 1 ) # 0 3 . Rei- 
chenbaeh’s ‘ pitlical,’ called by Wichclhaus 
‘ eupittone,’ was a salt of eupittomc acid. 
Wood-tar creosote lias been met with adulterated 
to a considerable extent with crude carbolic and 
crcsylic acids, and from the fact that tho re- 
actions of these substances closely resemble 
those of wood creosote, the distinction between 
tho two, (‘specially when in admixture, is 
attended with some difficulty. Genuine beccli- 
wood tar is soluble in solutions of caustic 
alkalis, and forms a crystalline compound with 
potassium hydroxide, but not with sodium 
hydroxide ; on the other hand, it is practically 
insoluble m stiong ammonia. 

An alcoholic solution should give no coloura- 
tion whateuT (blue or red) with baryta water; 
such colouring indicates the presence of coeru- 
lignol and other impurities. 

The composition of beechwood and oak 
creosotes, freed from hydrocarbons, is given by 
K£hal and Choay (Compt. rend. 1894, 119, 166), 
as follows : — 


Dimethyl - propyl - \ lOCHgl 

pyrogallol (pica- }C 8 H,(C 3 H 7 )< OCH > 
mar) > Mqh ’ 


roc*H a v 


OH ' 
fOCHO 


OH 

MB ^S'oi PrOPyl ' Pyr °' } O.H.(C,H T >{ } 200 

Of these compounds, phenol is present in 
extremely small quantity, paracreosol in larger, 


230° 


Beech 

Beech 

Oak 

241° 

Distillation tem- 
perature, °C. 

200-220° 

f 

to 1 

© 

200-210° 


Specific gravity . 
Monophcnols 

1-086 

1-086 

1-068 

253° 

39-0 

39-0 

66-0 


Guaiacol 

19-7 

26-6 

14*0 

265° 

CreosylH and homo- 
logues 

40 0 

32*1 

31-0 


Loss 

1-3 

2-4 

— 

285° 





Owing to the demand for guaiacol for 
pharmaceutical purposes, wood-tar creosote, ae 
it occurs in commerce, is frequently found to 
have been deprived of part or the whole of the 
guaiacol it contained. 
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Methods for the determination of guaiacoi in 
wood creosote are given by B6hal and Ohoay 
(Oompt. rend. 1893, 116, 197); M, Adrian 
(Nouv. Rem. 13, 97) ; L. E. Kobler (Amer. J. 
Pharm. 1899, 409). 

Wood-tar creosote is sharply distinguished 
from the coal-tar acids by its insolubility in 
absolute glycerol ; it is also distinguished from 
the coal-tar acids by its reaction with an ethereal 
solution of nitrocellulose ; shaken with half its 
volume of collodion, B.P., Calvert’s No. 5 car- 
bolio acid coagulates the gun-cotton. Morson’s 
creosote doe$ not precipitate the nitrocellulose 
from collodion, but mixes perfectly with the 
ethereal solution ; when a mixture of equal 
volumes of Morson’s creosote and Calvert’s 
No. 5 acid is treated with the collodion, the 
precipitation is very marked. 

Creosote from coal tar and other sources. In 
pharmaceutical circles the term ‘ creosote ’ is 
still retained for products of tho carbonisation 
" ;£*wood, but, generally speaking, it is recognised 
in industry as applying to a mixture, consisting 
.principally of hydrocarbons distilled from coid 
tar, the latter being either of gasworks origin, 
or from the carbonisation of coal m coke ovens. 
At tho time when anthracene was a valuable 
commercial product, the fraction of coal tar 
containing this material was usually collected 
separately, tho crudo anthracene bemg removed 
by filtration, and the oil separated therefrom 
being placfed on the markot under the names 
‘ anthracene oil,’ ‘ green oil,’ or ‘ heavy oil.’ In 
more recent times many tar distillers have 
found the rucovory of naphthalene unromunera- 
tive, and this is especially the ease where the 
crude tar is of such a nature that an appreciable 
proportion of solid paraffinoid hydrocarbons 
appears. Tho whole of the anthracene fraction 
has therefore frequently found its way to the 
oreosoto storage. Other distillates of coal tar 
have also been passed into the creosote tanks at 
various works, including tho ‘ sharp oil ’ sepa- 
rated during the recovery of crude naphthalene, 
and tho ‘ middle oils ’ or ‘ carbolic oils,’ after 
treatment for the removal of ‘ tar acids ’ (crude 
phenols). There is no very serious objection 
to this development, especially m view of the 
fact that inclusion of the anthracene fraction 
results in a mixture contaunng a large proportion 
of high- boiling constituents. Creosote of this 
nature is employed in the United States for 
railway work, and has been exported in recent 
times to that country in very large quantities 
by »means of ‘ tankers.’ But exception must 
be taken to the practice that has arisen in somo 
oases whereby the creosote storage has largely 
assumed the character of a refuse pit for the 
disposal of various oils, and even tars, that are 
only marketable with difficulty, such as blast- 
furnace tar, blast-furnace creosote, water-gas 
tar, &o. It is probably most satisfactory to 
regard creosote as a fraction obtamed during 
the distillation of coal tar, oither of gasworks 
or coke-oven origin, collected between the light 
oil fraction and the anthracene fraction ; it may 
or may not include the middle oils, or those 
portions of them remaining after partial or 
complete removal of tar acids or naphthalene. 

Creosote from coal tar (gasworks). This 
consists, for the most part, of a mixture of 
liquid aromatic hydrocarbons with naphthalene. 


The naphthalene may be present in Buoh small 
quantities that the oils retain it entirely in 
solution, or there may be so much of it, say up 
to 40 p.c., or more, that the creosote exists as 
a solid mass at 16° C. Phenolic and basic 
constituents are also present, together with 
small amounts of paraffinoid hydrooarbons. 
The creosote produced from tar that is made 
m London and tho southern districts of England, 
whero Durham and other north country coals 
are largely carbonised, contains considerably 
moro naphthalene, as a rule, than that obtainoa 
in more northerly districts, where Midland coals 
are retorted. On the other hand, tho creosoto 
obtamed from Midland tar iH far richer m tar 
acids than that made in London. So charac- 
teristic are those features that various creosotes 
are regularly known in' the trade as * Midland 
creosote,' ‘ ordinary London creosote,’ &c. 
Soetch creosote will be dealt with later. Tho 
carbonisation of coal in gasworks has, during 
the last few years, developed m several direc- 
tions. It was formerly tho custom to work with 
‘ light charges’ of coal m the retorts, with the 
result that a relatively large free-spaee existed 
between the surface of the coal and the top of 
the retort. But about 1911 tho practice was 
widely adopted of employing heavier charges, 
whoreby the ‘ free space ’ was greatly reduced. 
Tho result of this change of procedure was that 
the volatile products of carbonisation experienced 
a much moro rapid journey to the ascension pipes 
of the retort, and consequently the changes they 
underwent, due to thermal decomposition in 
the free space, wore lessoned. The effect of this 
change on the quality of the tar was very 
noticeable. Tho quality of the creosote Booms 
to be vory similar to that resulting from ‘ light 
charge ’ carbonisation, but there is more of it 
in the tar. The proportion of naphthalene in 
the creosote is lower, whde tho proportion of 
tar-acids is somewhat higher. The average 
yield of creosote from coal tar is roughly about 
20 p c. of tho latter by volume. 

Creosote being a mixture of many hydro- 
carbons, &c., it is not possible to give any 
definite figures for its physical and other constants, 
and the more so as it is highly improbable 
that any two makes are identical. When a 
sample of good quality is distilled in the 
laboratory, the mam bulk of it usually passes 
over between 200° and 300° 0., the bulb of the 
thermometer being immersed in the vapour. 
If tho anthracene fraction be present there 
will be a considerable residue at the latter 
tomperature. The calorific value is about 
16,050 B.Th.U. The evaporating power (in 
actual practice, ‘from and at 212° F. ? ) is 12 '0 
lbs. Tne flash-point usually lies about 170°- 
180° F. (closed test). The refractive index of 
the higher fractions should be above D6 (Sage). 
Determination of the specific heat between 
30° and 100° C. gave the figure 0*398. The co- 
efficient of expansion per ®F. is about 0 # 000455. 
The specific gravity usually lies between 1 030 
and 1-080. Creosote generally contains between 
Q-5 and 0*9 p.c. of sulphur. 

Although these figures naturally differ with 
the various makes of creosote, and oan therefore 
only be regarded as approximate, they, never- 
theless, are frequently found useful in industry, 
and several serve as evidence of admixture of 
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adulterants of a paraffinoid nature, suoh as have 
already been mentioned in this artiole. 

Creosote finds its largest applioatfon in the 
treatment of wood, especially railway sleepers, 

f files, and telegraph poles. Its employment as 
uel is being very rapidly developed, chiefly in 
burners which serve to atomise the liquid, 
either by direct application of pressure, or by 
means of steam or air under prossui& Numerous 
patents have been granted for such burners, and 
for further information on tho subject, consulta- 
tion of such works as Brame’s Fuel may bo 
recommended. Tho employment of creosote os 
a fuel for Biosol engines, with or without pilot 
ignition, is extending, and the ‘ Diesel Engine 
Usors Association ’ has recently issued a 
specification for the quality of oil considered 
to be best suited for that particular purpose. 
Creosote oil is (when freed from naphthalene) 
uSed in the preparation of disinfectants and 
shoop-dips. It is also omployed for generating 
artificial light in specially designed lamps such 
as the ‘ Luoigen.’ 

Lamp-black is manufactured by partial 
oombustion of creosote m a limited air Bupply. 
Recont experiments scorn to indicate the possible 
value of creosote as a soil steriliser. 

The best known methods of creosoting 
timber are perhaps those of Bothol, Boulton, 
Ruping, Curtis Isaacs, Lawry, Rutgers. In 
some of these processes tho creosote is applied 
under pressure, occasionally after first placing the 
timber under a vacuum, and at other times the 
oil is omployed at a temperature sufficiently 
high to boil tho sap out of the wood m 
vacud. 

Many specifications for creosote considered 
to be best suited for this work have been 
published ; probably the best known is that of 
Dr. Tidy. Tho advantages resulting from the 
creosoting of timber are summarised by Tidy 
as follows : — 

Physical . — Choking of pores, and thus render- 
ing the material non-absorbent of water. 
Biochemical . — Inhibition of germ life. 
Chemical . — Coagulation of albumen by the 
tar acids. 

Probably most of tho creosote sold for 
creosoting at the .present time is subject to the 
American ' Maintenance of Way ’ specification. 
The most important feature is the insistence on 
a large proportion of liigh-boiling oils. It is 
estimated that in 1913, 35,000,000 gallons of 
creosote were exported to tho United States 
from the United Kingdom. At various times 
emphasis has been given to one or more of the 
following properties of creosote for treatment 
of timber : 

1. Maximum naphthalene content. 

2. Minimum naphthalene content. 

3. Tar acids. 

4. Proportion of high-boiling constituents. 

-It is considered that the life of railway 
sleepers is increased five-fold by creosoting. 
Experiments by J. M. Weiss (U.S.A.) (see J. 
Soc. Chem. Ind. 1911, 1348), show that coal tar 
oreosote is more efficient as a preservative than 
is that from water-gas tar, in the proportion 
of about 6 to l. Creosote is used for the treat- 
ment of wooden paving blooks, for which purpose 
it is valuable as a preservative and also as a 
means of rendering the blocks impervious to 
VOU IL-rtf 


water, the absorption of. which would give 
rise to expansion of the wood. 

The following are among the tests commonly 
applied to creosote : — 

1. Distillation. 

2. Liquidity of residuo left after distillation. 

3. Water. 

4. Solid lhatter (naphthalene, &c.) deposited 

at 60° F. 

5. Loss 6n evaporation under specified 

conditions. 

6. 1 Absorbent spot ’ — a drop of tho oil being 

placed on blotting-paper, and examina- 
tion made for particles of ‘ free carbon 1 
indicative of adulteration by crude tars. 

7. Tar acids. 

8. Specific gravity. 

9. Colour. 

10. Fluorescence. 

11. Refractive index — serving to indicate 
rosence or absence of paraffinoid 
ydrocarbons, or tars containing them. 

12. Flash point. * 

13. Matter insoluble in benzol. 

14. Sulphonation. 

(Cf. Sage, J. Soc. Chem. Ind. 1911, 588.) 

Creosote from coke-oven tar is very similar 
to that from gasworks tar. 

Oils from low-temperature processes of 
carbonisation. A great deal of work has been 
carriod out m investigating the products of 
thoso systems. Romo of the processes are 
worked under partial vacuum. The volatile 
products of carbonisation are not subjected to 
the secondary thermal decompositions that are 
incidental to high-temperature work in hori- 
zontal retorts, with the result that tho proportion 
of aromatic hydrocarbons appearing in tho oils 
is very much smaller, the specific gravity of 
those fractions corresponding to creosote being 
lower than 1*000. The content of tar acids is 
very much higher, though there is but little 
actual phenol. From the highest fractions 
solid paraffinoid hydrocarbons are frequently 
deposited. Work by Pictet and Bouvier, on the 
carbonisation of coal at low temporatures and 
in partial vacuum, points to the conclusion 
that t.he # primary condensiblo products are 
similar to the constituents of certain petroleums, 
consisting to a considerable extent of terpenes 
and naphthenes. No solid aromatic hydro- 
carbons are prosent. On subjecting these low- 
temperature tars to boat by passage through a 
tube or over red-hot coke, bonzene, naphthalene, 
anthracene, &c., are formed, the resulting oils 
being very similar to ordinary coal tar creosote. 
According to Wheeler, ‘ vacuum ’ tar is largely 
a mixture of othylenic, naphthenic and paraffin 
hydrocarbons, and homologues of naphthalene, 
together with phenoloid compounds, chiefly 
creeds and xylenols. Aromatic solid hydro- 
carbons are generally absent. D. Trevor Jones 
concludes that the ordinary products of coal 
tar result from the action ol heat on a tar 
•which is formed in the first instance, and which 
is similar to that obtained undor low-temperature 
conditions. The naphthenes, paraffins and un- 
saturated hydrocarbons are decomposed to 
produce olefines, which are at their maximum 
at 550° C. The olefines vanish at 750° with tho 
simultaneous appearance of naphthalene and 
of large quantities of hydrogen. He further 
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concludes that acetylene plays an insignificant 

E art in the formation of ooal tar products. 

ow temporature carbonisation on the large 
scale yields a very oily tar amounting to 25 or 
more gallons per ton of coal. This tar is rich 
in those oils corresponding in distilling range to 
the creosote of normal tar. In tho carbonisation 
of cannel coal by such processes* as much as 
50 gallons of tar is obtained. 

Creosote from vertical retort tar is charac- 
terised by its low content of naphthalene, its 
high content of tar acids (chiefly higher homo- 
logues of phenol), and the large proportion of 
paraflinoid bodies present, the latter being 
sufficient to bring tho specific gravity below 
1 * 000 . 

West introduces steam during the proeesR 
of vertical carbonisation, using continuous 
vertical retorts Tho yield of tar is increased 
very considerably and reaches 20 gallons per 
ton. The tar is of low specific gravity and 
gives a largo ‘ creosote ’ fraction. The tars 
evolved during the carbonisation of coal m 
vertical retorts are not subject to such high 
temperatures as in the case of horizontal retorts. 
Consequently these tars rosomble, to a certain 
extent, the low- temperature products already 
described. Similar remarks apply to the tars 
from blast furnaces and from power -gas producers, 
where coal is employed as fuel. 

Blast furnace creosote. This is sometimes 
known as ‘ phenoloid.’ It resembles vertical 
retort creosote in many ways. The specific 
gravity of the hydrocarbons is low, the pro- 
portion of tar acids is high, reaching 20-35 p.c., 
though there is little phenol. The phenoloids 
from blast-furnace tar, extracted by Watson 
Smith, contained only 1 33 p.c of real phenol, 
boiling at 182°, whereas the tar acids from 
Lancashire tars yielded 05 p.c. of crvRtalhsablo 
carbolic acid. 

The fractions passing over between 210° and 
230° contain phlorol and oreosol, and those 
following at a higher temporature, viz 300°, 
furnish compounds allied to the eupittonio acid 
obtained from wood tar. 

This creosote has a very Bfcrong and cha- 
racteristic odour. Blast furnace creosote, and 
sometimes even tho crude tar from which it is 
distilled, is often mixed with coal tar creosote, 
and several of the tests generally applied to the 
latter are employed for tho purpose of detecting 
this undesirable adulterant. 

Blast-furnace creosote oil is now produced 
in largo quantities in Scotland. It is employed 
to a certain extent for creosoting timber, in 
producing the ‘ Luoigon ’ light, and as a liquid 
fuel. Tt furnishes from 20 to 35 p.c. of phenoloid 
substanceR soluble in caustic soda, as against 
4 to 7 p.c. in London coal-tar creosote, and about 
10 p.c. for Midland and country make. Allen 
and Angus have secured by patent their uro as 
an antiseptic under the name of 4 neosote,’ a word 
signifying ‘new preserver’ (Eng. Pat. 11089, 
August 29, 1887). Experiments have shown 
that the substance compares favourably with 
carbolic acid, whilst its caustic properties, when 
applied to the skin, are much less marked. 
When freshly prepared, the fluid is almost 
colourless, and bears a great resemblance to 
wood-tar creosote. 

Creosote from producer ter. In cases where 


bituminous coal is gasified a tar is formed, the 
creosote from which is similar in several respects 
to the blast-furnace oil. Tar acids and para- 
ffinoids are present in largo quantity. 

Creosote from water-gas tar is characterised 
by the absence of tar acids. It is usually rich 
in paraffins, of low specific gravity, and may 
contain anthracene and naphthalene. 

Scotch creosote is characterised by its large 
content of paraflinoid hydrocarbons and conse- 
quent low specific gravity. 

Employment of creosote oils for lighting , — 
Creosoto oil has long l>een omployod a* a source 
ofJight in tho construction of harbours and out- 
door work, where smoko was of little oonso- 
quenoo or inconvenience ; but when it is wished 
to burn this oil to the greatest advantage and 
with tho least possible amount of smoko and 
soot, it becomes necessary to employ lamps so 
constructed that a jet of air or steam, moro or 
less superheated, may be introduced in such a 
manner as to ensure more perfect combustion. 
Hartmann and Lucke (I). R. P. 9195, Aug. 9, 
1879) constructed a lamp specially intended for 
the consumption of creosote oilH, in which the oil 
is automatically supplied to a dish-shaped 
receptacle, over which is placed a funnel-shaped 
cylinder. In the centre of the dish or receptacle 
receiving the oil from its attached reservoir, is 
placed a conical tube, reaching a little above 
the surface of the oil, and through which a jet of 
suj>erheated or dry steam may be driven. In 
using the lamp, the dish or receptacle referred 
to is allowed to fill with oil ; it is then ignited at 
its surface, the funnel-shaped cylinder placed 
over it, and steam cautiously admitted through 
the conical tube. It will readily be Been that 
tho arrangement closely resembles the 4 Hera- 
path blowpipe,’ with the difference that the 
steam is forced through a body of com- 
bustible fluid, issuing just above its surface, in 
place of air forced through a body or envelope 
of combustible gas, and issuing at a point or 
position that may be called its surface. 

The oil thus burns without wick or chimney, 
and affords a light of 1 80 standard candles, with 
an hourly consumption of a little over 2 lbs. of 
creosote. 

An apparatus for a similar purpose has been 
patented oy Lyle and Hannay, under the name 
of tho 4 Lucigen.’ It consists of an oil tank or 
reservoir, fitted with a special burner at the top 
of a tube, which may be oxtended to any length ; 
into this reservoir compressed air is introduced 
by an indiarubber pipe, so attached as to make 
the 4 Lucigen ’ portable. On the compressed 
air being admitted into the oil tank or reoeptacle, 
it forces tho oil up through an internal tube, and, 
escaping at tho same time with the oil in the 
burner, produces a spray which is set on fire. A 
light of about 2000 candle-power is given by the 
1 Lucigen.’ The flame is large, the light well 
diffused, and the oyes are not dazzled by it. 
There is little or no smoke from the flame, and 
the lamp burns equally well under heavy rain 
or spray ; it requires no lantern, and has no 
parts which can be damaged by rough usage. 
In tho 4 Doty ’ and 4 Wells ’ lights, pressure is 
brought to bear on tho surface of the oil or creo- 
sote by means of an air pump, whereby the oil is 
forced through a ooil surrounding the lower por- 
l tion of the flame, and becomes distilled into gas. 
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Creosote oil has also been employed for the 
purpose of illuminating and heating, by direct 
conversion into permanent gas. A ton of 
oreosote is capable of yielding 13,300 cubic feet 
of gas, with an illuminating power of 14 candles ; 
a yield of 29,300 cubic feet may be obtained, but 
of 8^ candle-power only ; the chief drawback to 
this method of utilisation is tho high tempera- 
ture necessary to decompose the oils, which 
results in the production of low candlo-powor 
gases. 

Employment of cremate as fuel . — Creosote oil 
is extensively used oh a fuel, both for marine 
and stationary purposes and especially . for 
furnaces for heating iron rods for the manufac- 
ture of bolts and rivets. From theoretical con- 
siderations, it would appear to be eminently 
adapted to the purpose, 1 lb. of coal-tar creosote, 
when effectively burnt, being capable of evaporat- 
ing 11 ’24 lbs. of water, a result which is con- 
siderably in excess of that, obtained from coal 
or coke. 

Various methods have been devised for 
burning the oil to the greatest advantage. 
These may do briefly summarised under the 
following heads : — 

1. Injection into the furnace by means of 
compressed air with ‘ atomising ’ apparatus. 

2. Injection into the furnace by means of 
steam with 4 atomising ’ apparatus. 

3. Feeding into the furnace by simple 
gravitation, alone or m combination with 
coke. 

G. F. Dexter (Journ. Gas Lighting, June 29, 
1886, 1242-1241), m a table showing the relative 
calorific values of certain coal-tar distillates, 
refers to creosote, or heavy oils, as under : 

Averago formula C 14 H lft ; bp. 240 1 ' 1 to 270° 
and upwards. 

Proportionate weight of constituents : 

Carbon . . . 093913 

Hydrogen . . . 0-06087 

Calorific value : 

Carbon units . . . 497 

Hydrogon units . . .210 

Employment of creosote oil as an antiseptic 
and for the purposes of a cattle wash and sheep 
dip ( v . Disinfectants). 

Creosote oil is also now largely used to absorb 
benzene from coko-oven gas. The gas, after tho 
extraction of the ammonia, is passed up towers 
or scrubbers down which a shower of creosote 
oil falls. The creosote oil takes up from 3 to 
4 p.o. of benzene, and this is regained by distilla- 
tion with steam, the creosote being used over 
and over again until, by the accumulation of 
dirt and tar, it becomes too viscid, when it is 
generally run into the tar well. This fact should 
not be lost sight of when estimating the propor- 
tion of oreosote in coke-oven tars. 

The heavier portions of creosote oil are also 
used to absorb naphthalene from coal gas ; the 
gas is passed through washers containing theyoil. 
As the oil tends to abstract some of the illumi- 
nants from the gas, it is best to add to tho oil 
before use a small proportion of benzene suffi- 
cient to saturate the on so that no more is ab- 
sorbed from the gas. 

The heavier oils are also used as a rough 
lubricant for brick-making machinery, and lor 


injeoting into the brick kilns during the burning 
of the bricks to impart a superficial blue colour 
to them. The creosote acts as a reducing agent 
on the iron compounds in the clay, and the red 
colour is changed to blue. 

A preparation of hoavy creosote or anthra- 
cene oil with lime is used as a cart or axle 
grease. • 

Bibliography. — Lunge’s Coal Tar and Am- 
monia ; Allen’s Commercial Organic Analysis ; 
Warne’s Coal Tar Distillation. W. H. C. 

CRE0S0TAL. Syn. for Creosol carbonate. 

CRESATIN. Acetic ester of m-cresol. 

CRESEGOL. Trade name for the meroury- 
potaasium salt of cresol sulphonic acid. 

CRESOL C # H 4 (CH ; ,)OH. The three isomeric 
cresols oxistin coal tar (Williamson and Fairlie, 
Annalon, 92, 319; Ihle, J. pr. Chem. |2] 14, 
442 ; Tiemann and Scliotten, Her. 11, 767, 783) 
in about the following proportions : orthocresol, 
35 p.c. ; metacresol, 40 p.c. ; and paracresol, 25 
p.c. (Schulze, ibid. 20, 410). * 

The cresols can bo separated from the oily, 
non-crystallisahle mother liquors obtained in 
tho purification of crude phenol by fractiona- 
tion and crystallisation, by dissolving them in 
soda lyo, freeing the solutionJfrom naphthalene 
or other hydrocarbons by a current of steam, 
and then fractionally precipitating with sul- 
phuric acid. The first fractions, owing to tho 
greater acidity of phenol, contain chiefly cresols, 
and are further purified by distillation (Miiller, 
Zeitsch. (’hem. 1865, 270). 

Various processes have been patented for 
obtaining meta- and para-eresol from crude 
crosol Rasehig (Eng. Pat. 18334 ; I>. R. P. 
112545; J. Soe. Chem. Ind. 1900, 37), by re- 
peated fractionation of tho crude cresol, obtains 
a mixture containing 60 p.c. of meta- and 40 p.c. 
of para cresol. This mixture is then sulphonated 
by means of concentrated sulphuric acid, in 
which m-cresolsulphonie acid is easily soluble, 
but the p- compound only with great difficulty. 
The mixture is allowed to stand for a week, and 
the crystals of tho p-sulphonio acid are removed, 
or a soluble sodium salt, such as the sulphate, 
may be added in quantity sufficient to form the 
sodium salt of the p-cresolsulphonic acid. The 
latter is separated from the mother liquor, 
which consists of m-crcsolsulplionic acid and a 
little sodium sulphate. The twa cresols are 
obtained from their respective sulphonic acids 
by hydrolysis with superheated steam. In 
another process (Rasehig, Eng. Pat. 25269 ; 
J. Soc. Chem. Ind. 1900, 1099) the mixture of 
tho two sulphonic acids is subjected to the action 
of superheated steam at 120°-130°, the m- 
cresolsulphonic acid alono being hydrolysed 
under those conditions. The m-cresol distils 
off, and on raising the temperature to 140°-160°, 
the p-sulphonic acid is hydrolysed and p- cresol 
is obtained. See also Rasehig, D. R. PP. 144903, 
146752. 

According to tho Chem. Fabr. Ladenburg 
(D. R. P. 148703 ; Chem. Soc. Abstr. 1904, i. 312), 
separation of m- and p- cresols, by partial sul- 
phonation, is incomplete. The process recom- 
mended is to heat crude cresol with sodium 
hydrogen sulphate at 100°-110°, dissolve the 
product in water, when p-cresol separates out as 
an oily layer, the m-cresol alone being sul- 
phonated. Superheated steam, at 180°j is 
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assed in to obtain m-cresol, after the p-cresol 

as been separated. 

Anothor process of the same firm (Eng. Pat. 
1881 ; Fr. Pat. 339880 ; I). R. P. 152662 ; J. 
Soc. Chem. lnd. 1904, 759) consists in saturating 
the crude cresol with milk of lime, when the 
calcium Ralt of m-cresol, which is much less 
soluble than that of the p- cresol, separates out. 
This is filtored off, decomposed with acid, and 
relatively pure m-crosol is obtained. The 
crystals of tno calcium salt, before decomposition 
with acid, may bo washed with benzene to free 
them from the last traces of mother liquor. 
Roihm (D. R. P. 63307,; Frdl. ii. 9) separates 
m-cresol from p- cresol by means of their barium 

’ Rutgers (Fr. Pat. 317612 ; 1). R. P. 137684 
and 141421 ; J. Soc. Chem. Ind 1902, 1410) 
treats the commercial mixturo with anhydrous 
oxalic acid or an anhydrous acid oxalate. By 
this means, the oxalic ester of p-cresol alone 
is formed and separates out. This ester is 
separated and decomposed by water into 
p-cresol and oxalic acid ; the m-crosol is obtained 
from the mother liquors. 

Tornsse (1). R P. 281064) Bulphonatos the 
mixture with acid of 60° Be, at diminished 
pressure, neutralises with Rodmm earbonate 
and drives off the p-erosol in a current of steam. 
The residual Rodium salts arc decomposed by 
sulphuric acid and the m-sulphomc acid then 
heated with superheated steam ; see also 
Hoffmann Laroche and Co., Fr Pat. 454534. 

Synthetical preparation of ortho- and para- 
cresol — Pure ortho- and para-crcRol can lie 
obtained by fusing the potassium salts of the 
corresponding toluencsulphome acnl« with alkali 
(Engolhardt and Latselunow, Zeitseh. ('hern. 
1869, 620), or by diazotising the corresponding 
toluidines. For this purpose the toluidmo 
(15 parts) is dissolved in sulphuric acid of sp gr. 
1-8 (15 parts) diluted with 500 parts of water, 
treated with an aqueous solution of potassium 
nitrite (12 parts), and the product gradually 
heatod with steam. The resulting cresol is then 
distilled with steam, the distillate treated with 
soda lye, then with sulphuric acid, and the 
liberated cresol extracted with other and finally 
distilled in a current of carbon dioxide (Tienmnn 
and Schrotter ; Ihle ( loc . cil.)). 

Orlhocresol can also be obtained from car- 
" vacrol by treatment with phosphorus pentoxide 
(Kekul6, Ber. 7, 1006). It is crystalline, sp.gr. 
1-0512 at 15-5°, melts at 30° (T.‘and 8. ; lhle ; 
B6hal and Ohoay, Compt. rend. 118, 1211); 
boils at 188-5° (B. and C.), 188° (T. and S.) 
at 191° (eorr.) (Perkin, Chem. Son. Trans. 1896, 
1182 ; Fox and Barkor 191-8°), is soluble to the 
extont of 2*5 vols. in 100 vols. of water, and 
on fusion with caustic potash is converted into 
salicylic acid. When nitrated, it yields dinitro- 
orthocresol (m.p. Kfi°-87°) (Nolting and Salis, 
Ber. 14, 987). Refractive index at 40° (/u D ) 
1-53719. c 

Metacresol is prepared by heating thymol 
(100 parts) with half its weight of phosphorus 
pentoxide for 10-12 hours until propylene ceases 
to be evolvod, adding the product to 115-120 
parts of fused alkali, and further heating the 
fused mixture for 5-10 fhinutes to decompose the 
cresyl phosphate formed. The fused mass is 
then dissolved in water, treated with ether to 


remove any undecomposed cresyl phosphate and 
other impurities, acidified with hydrochloric acid, 
and the separated metacresol extracted with 
ether, and finally distilled in a current of carbon 
’ dioxide (E. and L. ; T. and S.). 

Metacresol is also prepared from naphthalene 
1.3.3'-, 1.3.6-, or 1.3.8- triRulphonic acids, from 
analogous hydroxy- or amino-naphthalene mono- 
or di-sulphonic acids or from tnhydroxynaphtha- 
lcne ; e.g. 1.3.3'- naphthalene trisulphonic acid 
logothcr with half its weight of caustic soda and 
three-quarters of water, is heated for 5 hours at 
280°. The product is poured into water,.acidified, 
boilod to expel sulphurous acid, and filtered -. 
?a- cresol separates out on cooling (Kalle & Co. 
Eng. Pat. 16559 ; J) R P. 81484 ; J. Soc. Chem. 
Ind. 1895, 1800; Hoffmann La Roche and Co. 
1). R. P. 247272). it is ordinarily a liquid of 
sp.gr, 1-0387 at 15*5°, but can be obtained in 
crystals, melting at 2-4° (Fox and Barker)*; it 
boils at 202° (eorr.) (P.) ; and is soluble to the 
'extent of 0 53 vol. in 100 vols. of water. Its 
I aqueous solution is coloured blue by ferric 
chloride. When fused with caustic potash, it 
is converted into metal i y cl roxv benzoic acid, and 
on nitration it yields a tnmtro- derivative 
(mp. 105°-106°) (Nolting and Salis, Ber. 14, 
987 ; 15, 1868). Refractivo index at 40° (ju D ) 
1-53322. 

Paracrcsol crystallises in prisms, melts at 36° 
(Barth, Annalcn, 154, 358 |B. and ('.]), 36 g -37° 
(T. and S.), and boils at 198° (I.), at 198°-199° 
(T. and S , Ji and C.), at 202° (eorr.) (P.) ; and 
is soluble to the extent of 1'8 vols. in 100 vols. of 
water. Its aqueous solution gives a blue colour 
with feme chloride. When fused with caustic 
potash, it iR converted into parahydroxybenzoie 
acid, and on nitration it yields a dmitro- deriva- 
tive (m p. 85°) (Richter, Annalen, 230, 313 ; 
Nolting and Salis, l.c). 

The crude cresol, as obtained from coal tar, 
is only slightly soluble in water, but its solu- 
bility in an aqueous solution of potassium 
cresol, renders its employment as an antiseptic 
possible. This solution is named solvtol (Lacroix - 
Hunkiab6y endian, J. PhaTm. Chim. 28, 34). The 
crude cresol is also frequently mixed with soaps, 
'and is used in that form for disinfecting purposes 
(J)ammann, D. R. P. 52129 ; Frdl. ii. 538 ; 
Holmers, 1). R. P. 76133 and 80260 ; Frdl. iv. 
1119 and 1120; Raschig, 1). R. P. 87276; 
Frdl. iv. 1121; Engler and Dieckhoff, Arch. 
Pharm. 230, 561 ; 232, 351). 

Oxidation with peroxides at a high tempera- 
ture converts the cresols into the corresponding 
hydroxybenzoic acids (Friedlander and Low- 
Beer, D. R. P. 170230 ; J. Soc. Chem. Ind. 1907, 
434). 

A mixture of nitro- derivatives, obtained by 
sulphonating coal-tar croBol and nitrating the 
sodium salt of the resulting cresolsulphonic 
acid with nitric acid of sp.gr. 12, has been 
employod, under the names ‘ Victoria yellow,’ 

‘ saffron surrogate,’ as a dye for wool and 
silk ; and, although poisonous (compare Weyl, 
Ber. 20, 2835; 21, 612), has been used as 
a colouring matter for butter, cheese, &c. By 
heating crude cresol with sulphur and alkali 
sulphide, or with alkalipolvsulphides, or with a 
mixture of sulphur and alkalis, at a high tempera- 
ture, brown sulphur compounds are obtained 
which are used for dyeing cotton (Farb, vorrn. 
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F. Bayer & Co., D. R. P. 102897 ; Chem. Zentr. 
1899, n. 352). 

CRESOLIN. A disinfectant composed of 
crude phenol and rosin soap. 

CRESOLINE YELLOW v. Azo- colouring 

MATTERS. 

CRESORC1NOL v. Phenol and its homo- 

LOGUES. 

CRESOSTERIL. Acid-o-oxalie ester of m- 
cresol. 

OH 00,11 

CRESOTIC ACID (!H a <^). A homo- 

logue of salicylic acid and obtained from 
o-eresol by similar methods to those employed 
in preparing salicylic acid from phenol ; m.p. 
163 -104°. 

CRESYLIC ACID. The non-orystalbsable, 
higher boiling portion of the phenols obtained 
in tho purification of phenol (q.v,) is, after 
rodistillation, known commercially as cresylic 
acid or liquid carbolic acid. It is a colourless, 
oily, refractive liquid, does not solidify at —80°, 
has a sp gr. 1 044, and consists of 40 p.c. meta- 
creSfcl, 35 p.c. orthocresol, and 25 p.c. paracreaol 
(Schulze, Bor. 1887, 410). It is much less 
solublo than carbolic acid in water, ammonia, 
glycerol, or caustic soda, but more readily so in 
petroleum spirit. It boils at a higher tempera- 
ture (about 185°-203°), gives a mixture of m- 
tnbromo and o - and p-dibromo derivatives with I 
bromine. It is even more readily acted upon by ] 
concentrated sulphuric and nitric acids than 
carbolic acid (Lunge, Coal Tar and Ammonia, 
ed. 1900, J82 ; v. also Allen, J. Sot*. Clieni. lnd. 
1890, 141). Its antiseptic properties are more 
marked than those of carbolic acid or of either 
of the three eresols. Cf. Cresol. 

For a method of estimating phenol m com- 
mercial cresylic acid, see Fox and Barker (J. Soe. 
Chem. Ind, 1917, 842 ; 1918, 205 T. 

CRESYL BLUE v, Oxaztnb colouring mat- 
ters. 

CRETAFORM. Oxymothyl crosol tannin. 

CRISTOBALITE. A native form of silica 
(SiO a ) crystallising m the cubic system (pseudo- 
cubic). it was first recognised by G. vom Rath 
in 1886 as regular octahedra up to 2 mm. 
across, associated with tndymite, m cavities in 
andesite from the Cerro do San Cristobal, near 
Pachuca in Mexico. It has since been found m 
volcanic rocks in the Rhenish district. Central 
France, and California, and in certain meteorites. 
Tho milk-white, translucent crystals are twinned 
and exhibit optical anomalies ; these disappear 
suddenly at a temperature of 175°, the crystals 
being then truly cubic ; on cooling, the bire- 
fringence reappears. Sp.gr. 2 34, hardness 
6-7, refractive index 1 '49, birefringence 0’0005. 

Quartz when heated passes into 0-tridymito 
at 870°, and this in turn passes into /3 -cristobalite 
(or metacristobalite, the cubic, optically isotropic 
modification) at 1470°. On cooling, tho latter 
asses* into the birefringent a-cristobalite at 
80°-270°. The refractive index of this artificial 
cristobalite is about 1*484, being slightly higher 
than that of tridymite (1*477); m.p. 1710°. 
Cubic crystals of silica have also been obtained 
artificially by heating an aqueous solution of 
oolloidal silica with hydrofluoboric acid at 200° 
under a pressure of 26 atmospheres. Cristobalite 
has also Been detected in silica bricks. L. J, S. 


CRITH. The weight of a litre of hydrogen 
at 0° and 760 mm. pressure — viz. 0*0896 gram. 

CROCEXN, BRILLIANT, ORANGE, SCAR- 
LETS, V. AZO- COLOURING MATTERS. 

CR0CEINE ACID, 2-Naphthol-8-sulphonic 
•acid. Used in making croccine scarlet and other 
dyes. 

CROCIDOLITE. ( Krokydolith , Ger.) A 
mineral of the soda-amphibole group, consisting 
of sodium and iron (ferric and ferrous) silicate, 
NaFo"'(Si0 3 ) 2 *Fe"Si0 3 . It is known only in a 
finely fibrous form, its name, in fact, being from 
KpoKvs, KpoKvSos f wool. In the trade it is 
known as blue asbestos, and it is worked for tho 
same purposes as tho other varieties of asbestos 
( qv .). Jt is, however, more readily fusible (to 
a black magnetic glass) than are tromolite- 
asbestos and serpentine-asbestos. Tho mineral 
has been long known from the Asbestos Moun- 
tains near the Orango River m Griqualand Wost, 
South Africa, where it occurs abundantly as 
veins, 1 or 2 inches in thickness, in jasper-* 
schists. Tho closely aggregated parallel fiores 
are arranged perpendicularly or nearly so to tho 
walls of the veins ; and the material is extracted 
as slabs. It is now extensively mined for 
commercial purposes (H. F. Olds, Trans. Inst. 
Mining and Metall. 1899, yii. 122; G. E. B. 
Frood, The Cape Asbestos Industry, Ann. 
Rep. Govt. Mining Engineer, Dept, of Mines, 
S. Africa, 1915, and S. African Mining Journal, 
1916). 

Being an alkali silicate with ferrous iron, 
crocidolito is especially liable to decomposition 
when exposed to weathering ; sodium is re- 
moved, and tho iron oxidised and hydrated to 
form limonite, whilo the silica is set free. There 
then results a ferruginous quartz possessing tho 
finely fibrous structure of tho original mineral; 
or, in other words, a pseudomorph of quartz 
and limonite after erocidolite. This material is 
coloured a rich golden yellow, and displays a 
silky lustre, and being at the same time very 
hard, it is well adapted for ornamental purposes. 
When cut and polished with a convex surface, it 
displays a oat’s-eye effect, and it is extensively 
used for making knobs, umbrella handles, beads, 
&c. .Such material is known as tiger-eye, 
though, unfortunatoly, in the trade the name 
crocidolito ib very frequently misapplied to it. 
Tho name ‘pseudo-crocidolite would bo more 
appropriate. In some stones there has been 
silicification without oxidation, and the indigo- * 
blue colour of the original crocidolito has been 
preserved : material of this kind is known aa 
hawk* s-eye. Tho stones have sometimes been 
coloured artificially by the same processes as 
adopted in tho staining of agate ( q.v.). 

L. J. S. 

CR0C0ITE or Crocoisite. Lead chromate, 
PbCr0 4 , crystallising in the monoclinic system. 
The name was originally given in the French 
form crocoise by F. S. Beudant in 1832, from 
, np6nos,* saffron ; this was later changed to 
crocoisite, and afterwards to the more correct 
form crocoito. This mineral is the only chromate 
of any importance found in nature, and in it the 
element chromium was discovered. It is found 
usually as crystals which are bright hyacinth- 
red in colour with a brilliant lustre ; the streak 
is orange-yellow. On exposure to light the 
crystals soon deteriorate in trails Jucency and 
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crocoite. 


brilliancy. Sp.gr. (HI, H. 2^-3. Crocoite is a one of the few minerals containing thallium in 
mineral of secondary origin in veins of lead ore considerable quantity. L. J. S. 

and is often associated with gold. It is found CROPS, The composition of crops may be 
at Beresovsk in the Urals (where it was die- regarded from two points of view : (1) the 
oovered in 1700), Congonhas do Campo near materials they contain, which render them 
Ouro Preto in Brazil, Luzon in the Philippines, valuable either as food or as sources of some 
Umtali m Rhodesia, and as very fine crystals substance of commercial value ; (2) the materials 
at Dundas in Tasmania. The mineral has been they remove from the soil, which must eventually 
used as a pigment, being identical m composition be replaced if the fertility of the land is to be 
with the artificial product chrome-yellow. maintained. 

L. J. S. In Table I , the composition of some of the 

CRONSTEDTITE v. '1 ’humnuite. principal crops grown in the United Kingdom 

CROOKESITE. A selenide of copper, tlial- is set out, cereals being excluded because they 
liuin (T1 1(1- 18 p.c ), and silver forming compact are dealt with separately. The composition of 
masses with lead -grey colour and metallic lustre, each of these materials shows considerable varia- 
Sp.gr. G"9, U. 2J-3. It occurs embedded m turns, and the analyses given are either typical 
calcite in the Skrikoruiu m l no, "Smii land, Sweden, or the means of a small number of determina- 
Although a rare mineral it, is of interest in being turns. 


Tabus I — Proximate Composition of Citors. 


' 

Water 

Crude tat 

Protein 

crude 

Carbo- 

hydrates 

Ci ude 
fibre 

Ash 

Leguminous : 






• 

Field beans .... 

13-49 

108 

25 31 

48-33 

8-0G 

3*13 

,, „ haulm . 

18-40 

1 10 

8-10 

31 00 

3G-00 

5-40 

Field peas .... 

13 92 

1 *89 

23 13 

52 G8 

5 -08 

2-G8 

„ „ haulm 

13 GO 

1-00 

9 00 

33-70 

35 50 

G-G0 

( 'lover hay .... 

10 50 

2-90 

13 50 

37 10 

24 00 

6-00 

Lucerne hay .... 

IG 50 

2 GO 

14 20 

29-20 

29-50 

8-00 

Vetches, green 

Root crops : 

82-50 

0 50 

3 20 

7 20 

510 

1-50 

Potatoes .... 

74-98 

0 15 

2 08 

2101 

0 G9 

1-09 

Mangolds .... 

87 50 

0 14 

1 34 

8-90 

0 98 

114 

Sugar beet . . . . | 

75 00 

0 10 

1 -30 

21 40 

1 50 

0 70 

Swede turnips 

87-80 

0 21 

1 54 

8-22 

1-32 , 

0-91 

White turnips 

90-78 

0-22 

1 18 

5-89 

113 

0-80 

Foster ton hybrid turnips 1 

91 30 

— 

0 79 

G-47 

0-94 

0-50 

Aberdeen yellow 2 . 

9109 j 

— 

1 *14 

G 08 

3 03 

0-GG 

Carrots ..... 

80-79 

U 30 

J 23 

9 17 

1-49 

1-02 

Meadow hay . . . . i 

14 30 

2-50 

9 70 

41 40 

2G 30 

(>•20 

Seeds, hay 

14-30 

2-70 

10 20 

3G 10 

30 20 

G 50 

Mustard, green . 

85 10 

0 40 

2-90 

7 30 

2-90 

1 

1-40 


(/JO Leguminous crops. The leguminous seeds , Root crops. In these materials, the other 
are distinguished by then high protein content extract contains little, if aiiy, true fat, the 
The proteins of the bean and pea and similar nitrogen- containing substances are also very far 
seeds have been studied by Ritthausen (Eiweiss- from being all protein ; usually one-half or 
korper der Gotreidearten, Bonn, 1872) and ; more of tne nitrogen present is combined in 
Osborne (.T. Amer. Chom. Soc. 1898, 20, 410; various non-protein forms. 

Amer. J. Physiol. (1908, 23, 180, &.e„). The most 1 Potatoes. — The characteristic carbohydrate is 

abundant or these* is the so-called legumra (q v.), ' starch, of which there may be over 20 p.c. ; but 
which, according to Osborne, is a globulin con- j sugars (both Bucrose and reducing sugars) may be 
taming lysine. Lentils contain a eonglutm present up to 1 p c., and dextrine or amylarfS aro 
which has been hydrolysed, also some edestm. | also present m about the same amount. Amongst 
The leguminous seeds grown in this country I the nitrogen compounds there are both insolu- 
contain but a small proportion of oil, which has , ble and soluble proteins, part of the latter 
rot received any special examination ; the i being coagulable by heat or acids, and a largo 
soya bean, however, yields oil up to 20 p c., and range of ammo- bodies, among which tyrosin 
is extensively imported from Manchuria and has been identified. The non-protein nitrogen 
pressed for oil (r. Soya bean). > may amount to more than half the total nitro- 

The only carbohydrate m beans, peak, &c\, igen. The darkemng of the juice of ^ fresh 
that has received any attention, is the starch, potato is due to the black substance formed by 
wliich is abundant and the granules of which , the oxidation of the tyrosine under the action of 

C ess characteristic shapes. The ash of an enzyme, also present m the cells. The 
minous plants is distinguished by a large darkening of boiled potatoes iB due to some 
proportion of lime, as may be seen from analyses other cause (Ashby, J. Agric. Sci. 1906, i. 348). 
5-10 in Table II. About two-thirds of the ash of potatoes consist 

i Altken, Trans. H. & Ag. Soc. 1884, 16. j of phosphoric acid and potash. 

» Wilson, ibid. 1886, 18. I Mangolds. — The characteristics carbohydrate 
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present in the mangold is sucrose, which con. 
stitutes about 8 p.c. of the weight of the root, 
the total dry matter amounting to about 13 p.c. 
About 0*25 p.c. of reducing sugar is also present. 
The variation in the sugar content of mangolds 
has been examined by Wood (J. Agric. Sci. 1905, 
1, 176), who gives the following table : — 



3 

H O 

u 

4> 

ci 


Variety 

*7 

TJ A, 

% o 

§* 

” a 

ft 

cS 

be 

fl 

Si 6 

£ ft 


£« 


3 

£ 

White-fleshed globe 

29 9 

10*7 

6-3 

0105 

,, ,, intermediate 

27 4 

120 

7-1 

0-108 

Yellow-fleshed tankard . 

24 0 

131 

8*0 

0 18(5 

n it globe. 

Long red . " . 

25 0 

134 

8-2 

0 191 

29 9 

131 

7-9 

0157 


Of the nitrogen in mangolds, only 30-50 p.c. 
is m the protein form, 20-40 p.c is combined as 
anndeor amino- acid and is liberated on hydro- 
lysis as ammonia, while 10 p.c. may be m tho 
Qitric form. 

On storage, the mangold loses sugar by 
respiration, and some of the sucrose becomes 
changed into reducing sugar, a process winch is 
much accelerated as soon as the temperature*’ 
rises m the spring (srr Miller, ,1. lloy Agne. Soc 
1900, 01 ; 1902, 03). 

Sugar beet . — In the sugar beet, which has 
been derived from the same species of Beta as 


the mangold, the characteristic carbohydrate is 
likewise sucrose, which may be present to the 
extent of 20 p.c. It is always accompanied by 
a certain proportion of reducing Bugars (glucose 
and maltose), which, in well-grown roots, should 
not exceed 1 p.c. of the sucrose. 

The variations in the amount and nature of 
the sugars in sugar beet have been subjected to 
very detailed investigation, for accounts of 
which tho numerous technical works dealing 
with the beet-sugar industry, should be con- 
sulted. V. Sugar. 

The nitrogonous constituents resemble those 
of tho mangold (see Lippmann, Bor. 1890, 29, 
2(545). 

Suedes and turnips.— In these closely allied 
roote, the carbohydrates consist of sugars 
(chiefly reducing sugars, though few data exist) 
and poetic bodies yielding a mucilage on boiling 
with water. In Wilson’s analyses, already 
quoted, the sugars averaged 4’72 p.c. The 
nitrogen compounds arc also largely non-protein, 
only from 30 to 50 p.c. consists of protein. It is * 
generally considered that swedes and turnips 
grown in the north and especially in tho east of 
Scotland, possess a higher feeding valuo than the 
roots grown in the south ; analytical data to 
confirm this opinion arc, however, lacking, 
though it is certain that much larger crops are 
usually grown in the cooler climate of the 
north, where tho crop can be sown earlier with 
success. 

Ash of crops. In Table II. are collected 
various analyses of tbo ash of the crops above 
mentioned. 


Ta RLE 11 — COMPOSITION OF THE ASH OF FARM CROPS. 


| 

Ash in 

N in 












ciiy 

matter 

drv 

matter 

*> a 0 3 

Cat) 

MgO 

k 2 o 

Na s O 

1V> 6 

80 3 

Cl 

CO, 

8i0 2 

1. Potatoes . 

3-99 

0-88 

0-35 

1-53 

3-48 

58-27 

0 06 

12-86 

5-87 

7-27 

11-37 

0-58 

2. Mangolds . 

0-70 

1-31 

0-44 

3-58 

213 

35-90 

19-34 

9-34 

3-25 

3-87 

21-43 

0-97 

3. Swedes 

5-58 

2-31 

0T.1 

1212 

3 02 

3917 

5-24 

9-83 

13 49 

2-48 

12-43 

0-72 

4. Grass 

7-21 

1 -(55 

0-49 

12-48 

3-83 

29-76 

4 09 

7-04 

6-17 

8-78 

10-31 

18-32 

5. Clover 

8-15 

2-92 

103 

37-37 

5-10 

13 10 

0-58 

3-75 

1-82 

2-26 

34-90 

0-54 

(5. Beans, corn 

3-27 

4 32 

0-48 

5’ -(50 

6-61 

40 58 

212 

30-09 

0-35 

2-43 

5-28 

0-41 

7. „ • straw 

8. Peas, com 

•5-80 

0-94 

1-54 

28-39 

312 

8-07 

14-57 

2-31 

3-30 

2 49 

33 08 

3 08 

! 2-53 

3-87 

0-07 

5*74 

8-97 

44-31 

0-39 

29-30 

10-42 

0-45 

— 

0-37 

9. „ Htraw 

| 5-87 

— 

103 

40-34 

8-30 

11-78 

9-90 

8-26 

0-70 

3-84 

— 

10 06 

10. Lucerne . 

, 8-71 

— 

2-08 

24-74 

(>-27 

41-91 

1-22 

7-71 

5-03 

8-05 


3-16 

11. Flax, seed 

3-82 

— 

1 54 

10-96 

11-47 

27-85 

4 15 

41-27 

2 01 

0-63 

— 

1-47 

12. „ stem 

3-70 

— 

0-62 

2516 

4-99 

25-56, 

1016 

f 8-94 

4 02 

6-64 

— 

9*40 

13. Hops, cones 

11-25 

— 

1-80 

16-77 

5-66 

28-35 

1-99 

13-73 

5 01 

4-35 

— 

22-32 

14. • „ leaves 

18-00 

— 

0 04 

4017 

5-32 

13-65 

3-79 

7-82 

3-49 

4-02 

— 

22-21 

15. „ stems 

16. Tobacco . 

4-70 

— 

1 07 

29-59 

8-34 

26-18 

5-06 

11-23 

3-41 

8-87 

— 

8-29 

16-27 

— 

2-93 

42-34 

11-22 

17-48 

4 26 

3-22 

4-28 

4-87 

— 

1011 


Analyses 8-16 aro means taken from Wolff’s 
Aschen-analysen, and have been recalculated to 
exclude the carbon dioxide present in tho ash, 
as obtained after burning. Analyses 1-7 are 
selected from the Rothamsted records. 

Materials removed from the land by average 
crops. Table 111., compiled by Warington 
from Rothamsted data, shows the amount of the 
three important constituents — nitrogen, phos- 
phoric acid, and potash, which would be con- 
tained in an average crop of tho magnitude 
indicated, and therefore nave been removed 


from the soil by the crop, except in the case of 
the nitrogen contained in leguminous crops. 

A comparison of theso figures with the 
amour^ of fertilising material usually provided 
for the crops in question, or the effects of 
particular manures in field experiments, serves 
to show that the data contained in Table III. 
afford no guidance in deciding the appropriate 
manure for each crop. 

The earliest theory of plant manuring, that 
of Liebig, supposed that the requirements of 
the plant can nest be satisfied by applying to 
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Table III. — Amount 01? Fertilising Constituents per Acre removed bv an Average Crop. 


— 

Weight of 
crop, dry 

Nitrogen 

Potash 

Phosphoric 

acid 

Wheat, 30 bushels, straw 28 cwts. 

lbs. 

lbs' 

lbs. 

lbs. 

4183 

50 

28-8 

211 

Barley, 40 ,, „ 22 „ 

3827 

49 

35*7 

20-7 

Oats, 45 „ „ 25 „ 

Maize, 30 „ „ 19 „ 

3978 

52 

401 

19-4 

3377 

43 

36-3 

18-0 

Meadow hay, 1| tons ..... 

2822 

49 

50-9 

12 3 

Red clover hay, 2 tons ..... 

3703 

98 1 

83-4 

24-9 

Beans, 30 bushels, straw 20 cwts. 

3401 

107 1 

07*1 

29-1 

Turnips, 17 tons, leaf 5 tons .... 

4057 

110 

148-8 1 

33 1 

Swedes, 14 „ „ 2 , 

4055 

98 

79-7 

21-7 

Mangolds, 22 „ „ 8 ,, 

7508 

149 

300-7 

52-9 

Potatoes, 0 „ tubors .... 

3300 

40 

70-5 

21*5 


the land exactly the constituents taken away pendent upon an abundant-supply of phosphoric 
by a good crop of that particular kind ; but the acid. Crops elaborating a considerable amount 
results of tho llothamsted experiments, con- of carbohydrate, c.<j. mangolds and potatoes, 
firmed by general farming experience, very soon require potash. In general it may be said that 
^ showed that this view was incorrect, because it nitrogen promotes leafy development, phosphoric 
failed to tako into account the enormous amount acid maturity, and potash carbohydrate forma- 
of plant food contained 111 tho soil, more or less turn and continued giowth. A. D. H. 

of which would reach tho plant according to the CROTON OIL is obtained from the seeds of 
method of cultivation and the plant’s habit of Croton Tujlium (Linn.), a tree belonging to the 
growth. Moreover, m practical farming the Euphorbiacew, indigenous to the Malabar 
supply of manuro is largely determined by the coast, and cultivated in {Southern Asia and 
place the crop occupies in the rotation and China. The seeds contain 53-50 p c. of oil. 
tho treatment which has been given to tho The oil has an amber-yellow, orange, or 

previous crops. To take an example, wheat brown colour, according to its ago ; it has a 
and barley withdraw almost the same fertilising nauseous odour, a burning taste, and acts as a 
materials from the soil, yet all farming ex- very powerful purgative, it blisters tho skin 
perienco goes to show that the yield of wheat and mucous mom Inane. 

is chiefly determined by tho supply of nitiogen The chemical composition of croton oil 

If this element is present in sufficient quantity differs so widely from that of all other oils, that 
the wheat plant with its long period of growth its recognition, by means of the ' quantitative 
is usually able to satisfy its requuements for reactions ’ (see Oils and Fats), is easy. It 
phosphoric acul and potash from the soil. With contains a considerable amount of volatile 
barley, nitrogen is still a most important element acids ; hence its Keiehert-Meissl value is about 
in nutrition, but phosphoric acid also exerts a 13 ; its iodine value is J 02—100. Saponification 
striking beneficial action and is a necessary value, 210-215 ; and specific gravity, 0‘040 to 
element 111 the fertiliser. Neither for wheat nor 0 1)00. Croton oil is strongly dextro-rotatory 
barley need potash be supplied except on very (-f 14-5° to 10*4°). 

light soils. A still more noteworthy example is Tho variations in the recorded values are 
provided by the swede turnip crop. The table mainly attributable to different methods of 
shows that an average crop will take away from extraction Croton oil contains the glycerides 
the soil about 100 lbs. of nitrogen, 20 lbs. of of tiglic acid, and of butyi u r , caproir, lauric, 
phosphoric acid and 80 lbs. of potash, yot the mynstie and palmitic acids, and probably also 
usual fertilisers applied to swedes consist almost oleic acid. Tno vesicating principle* is a resinous 
wholly of phosphatic compounds, with a com- substance, 0, 3 11,„0 4 (Lunstan and Boole, Proc. 
paratively small amount of nitrogen and no Roy. Soc. 1895, 58, 238). 

potash. The majority of the swedes grown m CROWBERRY ( Empdrum nigrum). The 

this country receive from 50 to 100 lbs. of leaves of tho crowberry contain a wax composed 
phosphoric acid (i.e. about 5 cwt. of super- of ceryl cerotate, benzoic acid, urson, tannin, 
phosphate or basic slag), and the small quantity dextrose and probably rutm. Tho anhydrous 
of nitrogen that would be provided by a light urson C 10 H ie O is identical with that obtained 
drossmg of farmyard manure or half a hundred- from tho leaves of Uva Ursi. Empdrum nigrum 
weight of sulphate of ammonia. The fertiliser contains no alkaloids, andromedextrins or glu- 
requirements of a crop arc in fact conditioned cosidos decomposed by omulsion (Van ItaJlie, 
by its specific habit and by the soil ( q.v .) rather Pharm. Weekblad, 1918, 65, 709). 
than by its composition. Certain broad eharac- CROWN GLASS v. Glass. 
tere may be distmgmshed. Cereal crops possess CRUCIBLES. A perfect crucible should 

considerable powers of obtaining the nhosphone -withstand the highest temperatures without 
acid and potash reserves in the soil provided fusion, should bear sudden changes of tempera- 
they are well supplied with active forms of ture without fracture, and should bo unacted 
nitrogen. Leguminous crops rarely require a upon by the materials which are to be heated in 
nitrogenous fertiliser, but respond to mineral it. A semi-automatic apparatus for moulding 
fertilisers and particularly to potash, the soil crucibles has been patented by Rims (Eng. Pat. 
also should be neutral and well supplied with 445, 1888). 

lime. Cruciferous crops are particularly do- 1 Wholly or In part derived from the atmosphere. 
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Clay crucibles are prepared from selected 
clay ; of the Stourbridge clay worked, only about 
5 p.c. is available for this purpose. Its plasticity 
is much increased by exposure for some months 
in a moist condition to the air. During this 
process of ‘ weathering ’ it becomes disintegrated, 
and tho removal of foreign matter is thereby 
facilitated. The presence of iron pyrites is es- 
pecially injurious ; furnace gases convert it into 
the oxide which acts as a flux and forms cavities 
in the crucible. Lime is also hurtful, except 
when in very small quantities and uniformly 
distributed. Potash and soda are invariably 
present in clay, and when in small quantity 
increase the coherence of the crucible without 
appreciably impairing its power of withstanding 
the action of heat. 

In order to reduce the tendency to crack, and 
to' increase its refractory character, the clay is 
usually mixed with sand, ground flints, burnt 
clay (old broken crucibles), graphite or coke 
These, which are either less fusible than the clay 
or altogether infusible, form a skeleton which 
upholds and prevents deformation of the 
crucibles at temperatures at which the clay 
would tend to fuse. Tho most refractory 
crucibles contain the largest prnpoition of 
silica 

The clay, which should be of the greatest 

I iossible fineness, is well beaten to remove air 
nibbles and mixed with the proper quantity of 
the refractory material According to Boithier 
(Trail6 des Essais, 1, (»(>), when Hihca is used, it 
should not he too fine, as the tendency to com- 
bine with thi' clay and thus increase the fusibility 
would thereby bo increased. Crucibles of fine 
grain are also more liable to fracture 

Small crucibles are usually baked in a kiln, 
but the large easting pots of Stourbridge clay 
are not baked until immediately before use. 
When tho temperature of the baking is high, 
the crucible is more liable to fracture on re- 
heating. 

All clay crucibles are more or less acted upon 
by litharge, hut metals and most ores may he 
heated m them without danger. Berth ter re- 
commends a lining of such material as silica, 


alumina, or magnesia previously moistened. 
A lining of chalk renders a crucible less per- 
meable to litharge. 

Queneau recommends lining clay crucibles, 
boforo drying, with some substance which will 
resist tho chemical reactions for which they are 
designed and then compressing strongly, drying, 
and firing (Fr. Pat. 354319 ; J. Soc. Chem. Ind. 
1905, 1071). 

Crucibles may be rendered non-porous by 
treating with ferrous sulphate solution and firing 
(Mitchell, U.S. Pat. 894845; J. Soc. Chem. Ind. 
1908, 88(5) or by tho addition to the clay of , 
chromic oxide, chromites or chrome iron ore, 
which also renders them much more refractory 
(Bach, Eng. Pat. 24041, 1903 ; Klein, U.S. Pat. 
787770 ; Seigle, Fr. Pat. 383593 ; and Placet, 
Eng Pat. 28728, 1890). 

Tho fracture of crucibles by expansion of 
solidifying metal can he prevented by lining 
with triable material (Colby, U.S. Pat. 830208 ; 
J. Soe. Chem. Ind 1900, 934). ^ 

Coldsehmidt recommends that crucibles for 
the ‘ Thermit ’ process should be lined with a 
mixture of magnesia or caiborundum and soluble 
glass (Fr. Pat. 354597 ; J. Soc. Chem. Ind. 1905, 
1114). 

Veiy large crucibles may be built up from 
cylinders or annular rings of refractory material, 
provided arrangements are made for tapping the 
contents without moving the oiuciblo (Reynolds, 
Eng. Pat 1004, 1901 ; Rousseau, Eng. Pat. 
7451, 1902). 

Stourbridge clay crucibles are made from a 
mixture of raw ground clay with about one-half 
its weight of powdered, sifted, old glasB potB, 
from which all adherent glass has boon re- 
moved, tho mixture being made in a disc mill, 
and kneadod to the ptopei consistency. Percy 
gives the composition of the Stourbridge clay 
used for tho best crucibles as silica, 79 ‘25 ; 
alumina, 13 57, iron oxide, 138; lime, 0’08 ; 
magnesia, 0 42 ; water, 5 11. 

Tho following analyses show the composition 
of oeitaiu varieties of' crucibles. Nos. 1-7 are 
by Berliner, No 8 by Dick, Nos. 9-12 by Brand, 
and Nos 13-15 by Mono - - 


• 

Silica 

Alu- 

mina 

Iron 

oxide 

Mag- 

nesia 

Lime 

Potash 

Kul- 

plnu 

Carbon 

Water 

1. French, made by Beaufay 
at Pans . 

04*0 

34-4 

10 


_ 


_ 

_ 



2. French, made by Deyeux 
at Savigmes 

72-3 

19 5 

3-9 

• 


— 

— 

— 

1*8 

3. Hessian 

70-9 

24-8 

3-8 

traco 


— 

— 



4. English steel 

7P0 

23-0 

4 0 

trace 


- — 

' — 

— 


5. St. Etienne stool . 

65-2 

25-0 

7-2 

— 

— 

— 

— * 


6. Glass pots, Nemours 

07 -4 

32-0 

0-8 

trace 

— 

— 

— 

— 

— 

7. „ ,, Bohemia 

08-0 

29 0 

2-2 

0-50 

— 

— 

— 

— 

— 

8. Cornish, made by Juloff 

72-39 

25-32 

1-07 

trace 

038 

114 

— 

— 

— 

9. Steel crucible ; clay 

53-92 

40-57 

— 

— 

, — 

— 

0-230 

18-00 

— 

10. „ „ coke clay 

42-78 

34-71 

— 

— 

1 — 

— 

0-490 

— 

11. „ „ graphite . 

24ii3 

27 89 

— 

• — 

J — 

— 

0-270 

40 43 

— 

12. Magnesia 

4 80 

2-49 

* — 

92-02 

— 

— 

0-099 

— 


13. English blacklead . 

51-4 

22-0 

3-5 

— 


— 

— 

20-0 

1-8 

14. Ditto .... 

45-1 

16-05 

0-95 

— 


— 

’ j 

34-5 

2 ”5 

15. Ditto 

50-0 

20 0 

1-5 


jo* 


~ i 

25 ’5 

3-0 


Hessian crucibles are composed of equal j usually triangular, of coarse texture, porous, 
weights of Almerode clay and Band. They are j rapidly destroyed by litharge, and liable to 
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fracture on sudden change of temperature, but 
will withstand a very lugh degree of heat. 

French crucibles are made from a mixture of 
1 part raw Ardennes clay and 2 parts of the 
same which has been burnt. They are refractory 
and of fine texture. 

Cornish crucibles are largely used for copper 
assaying. Thoy are round, of coarse gram, and 
of a mottled greyish-white colour. They are 
kiln-burnt, and withstand sudden changes of 
temperature, but cannot be heated to whiteness. 
Cornish crucibles are now made by the Morgan 
Crucible Company at Battersea. 

London crucibles are of reddish-brown colour 
and close texture. They will not stand sudden 
change of temperature, but withstand the action 
of litharge fairly well. 

Silica crucibles may be made of powdered 
sdica, mixed with a highly nlisorbcnt substance, 
e.q. kieselguhr, saturated with water (Sankey, 
Eng. Pat. 3353, 1900 ; J. Soe. Chom. lnd. 1907, 
90). Sand, mixed with a small proportion of 
Coment and water, moulded, dned, and heated 
to the fusmg-pomt of the sand, forms a very 
refractory material (Reppey, U.S Pat 905295; 
J. Soc. Che m. Ind. 1909, 24) A mixture of 
Hand with a little lime may be used (Berglund, 
Fr. Pat. 300830 ; J. Soe Chom. Jnd 1900, 1081). 

White fluxing pots are made by the Mor- 
gan Company from a highly refractory lire- 
clay from Rouen. Crucibles containing carbon 
are now largely used. For very high tem- 
peratures, crucibles cut from a block of gas 
carbon or similar material may bo employed. 
Clay crucibles mav also be filled with a moist 
mixture of charcoal with starch, treacle, gurn- 
water, or oil, or, for large crucibles, gas tar. 
The mass is forced with considerable pleasure 
into the crucible and is then cut out, leaving a 
coating of about J inch in thickness, or the coat- 
ing is put into the crucible and smoothed with 
a glass rod. The crucible is then filled with 
powdered charcoal and heated to redness. 

Graphite crucibles. For the fusion of metals, 
plumbago or coke crucibles are of great value, but 
they are not largely used for assaying At the 
Battersea works, the following process of manu- 
facture is employed : hand-picked ( 'ey Ion plum- 
bago is ground, sifted, digested with dilute 
sulphuric acid to remove the greater part of the 
iron, and mixed and kneaded to a stiff paste, 
with about an equal weight of fine fireclay. The 
mixture is passed through a pug-mill, and is cut 
into blocks. When required for use, the flocks 
are again passed through the mill, and made by 
* hand on a wheel or moulded by machinery. They 
are then dried and baked in saggars. These cru- 
cibles may be protected from oxidation by lining 
them with clay (Woolford, Eng. Pat. 24479, 1898; 
J. Soc. Chem. Ind. 1900, 52 ; McDonald, U.S. 
Pat. 828954; J. Soc. Chom. Ind. 1900, 911). 

They are of fine grain, and will withstand 
the highest temperatures and repeated sudden 
changes. The graphite is slowly oxidisi*! by 
metallic oxides or by the furnace gases. To 
minimise this, the crucible may be coated by 
dipping in a paste of clay and solution of borax. 
Any iron which is present in the graphite is 
liable to become introduced into the melt, and 
the carbon itself combines with iron or steel 
(v. Brand, Chem. Zentr. 15, 407 ; and Dingl. 
poly. J. 256, 227). 


Tar, rosin, &c,, may be used to bind the clay 
and graphito in manufacturing these oruoibles 
(Putz, I). R. P. 181979 ; J. Soo. Chem. Ind. 
1907, 1030). Digby recommends (Eng. Pat. 
3061, 1893) the following composition: — 

Plumbago, 17-mesh granules . 17 parts 


Plumbago, 80- „ „ . 2 

Russian clay . . .5 

China-stone . . . .5 

(las carbon . . . .2 


The last three ingredients are ground and 
mixed with water and then the plumbago is 
added and the crucibles formed, dried at 05° 
and baked. 

Salamander crucibles, made by tlio Morgan 
Company, contain a much smaller proportion of 
earbou. They withstand sudden changes of 
temperature perfectly. 

Lime crucibles are cut from blocks of well- 
burnt (preferably slightly hydraulic) lime. 

Magnesia was introduced by Caron as a 
refractory basic material for making crucibles 
or for lining reverberatory furnaces for melt- 
ing and dephosphorising steel Magnesia con- 
tracts considerably when heated ; it is there- 
fore necessary, before making it into bricks or 
crucibles, to expose it to a higher temperature 
than that to which it will be heated. The 
strongly calcined magnesia is made into a paste 
with 15-30 p.c. of raw (slightly calcined) mag- 
nesia, and 10-15 p.c. of water, and is moulded, 
dried, and baked at a red heat. The highly 
heated magnesia would not cohere without 
admixture with the rajy material. Magnesia 
crucibles arc not mjuied by exposure to the 
atmosphere. Gaudm makes crucibles from a 
mixture of 1 part magnesia and 1 part bauxite. 
They may also be formed from a mixture of 
calcined magnesite with from 2 p.c. to 12 p.c. of 
a boron compound (according to the amount of 
calcium present), moistened, moulded, dried and 
fired at a high temperature (Rawson and Little- 
field, Eng Pat. 10004, 1900 ; J. Soe. C’hem. Ind. 
1901, 992, and ihui. 1902, 52) The product is 
said to resist molten litharge. Porous crucibles 
for metal refining, aie made from a similar 
mixture with the addition of sawdust (Dobell, 
Eng. Pat. 10715, 1897). 

Alumina crucibles withstand sudden changes 
of temperature, and are not affected by the 
materials fused, even sodium being without 
action. According to Deville’s process (Ann. 
(’him. Phys. [31 40, 195), alumina precipitated at 
low temperature from ammonia alum solution is 
mixed with an equal weight of powdered marble, 
and is exposed to the highest temperature of a 
wind furnace. The mixturo so produced, which 
may be considered as consisting of calcium 
aluinmate, is mixed with its own weight of 
moist, precipitated alumina, and is made into a 
crucible, dried and baked (see also Caspar, 
U.S. Pat. 886111 ; J. Soc. Chem. Ind. 1908, 
508). When the crucible is required to with- 
stand higher temperatures, the amount of the 
i calcium aluininate may be reduced, but the pro- 
portion of lime should not fall below 10 to 

20 p.c. 

Bauxite has been used to replace alumina. 
It is extremely refraotory (v. Bauxite , art. 
Aluminium). 

Carborundum crucibles are infusible and 
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resistant to chemical action and have great 
solidity. They may be made from a mixture of 
commercial carborundum with sufficient clay to 
render it plastic (Velter, Fr. Pat. 376179 ; J. 
Soo. Chem. Ind. 1907, 1010 ; Engels, Eng. Pat. 
14667, 1901). ' ' 

A mixture of powdered silica rock or ganistor 
with carborundum or amorphous silicon carbide, 
may be used. It is mixed with watbr-glass 
solution or glue, &c., compressed to shape and 
heated to the temperature of the cleetnc iumaco 
(Imray and Carborundum Co. Eng. Pat. 10493, 
1902 ; 3308, 1903) (.see also Carborundum). 

{See further, Kerl, Handb. Thonvaaron Ind. 
1879, 628-534 ; and Percy, Metallurgy (Fuel, 
&c.), 1875, 110-141). 


by Chodnev yielded 13 23 p.o. Al, and 32 71 Na, 
with 083 of Mn s O s and MgO ( Verh. Petereb. Min. 
Ges. 1846-6, 209). Dumev found in the cryolite 
of Miask in the Urals, 13*41 p.c. Al, 32*31 Na, 
0*65 Fe 2 0 3 and Mn 2 0 3 , and 0*36 CaO (Pogg. Ann. 
83, 687). Deville found m the Greenland cryo- 
lite 0*018 p.c, of vanadic acid and a small pro- 
portion of phosphoric acid. An analysis of 
cryolite from near Pike’s Peak, Colorado, by 
Cross and Ifillebrand yielded Al 12*9, Na 32*4, 
F 53*65, Fe 2 0 3 0*4, Ca 0*28, H 2 0 0*3 (Amer. J. 
Sci. 1883, xxvi. 271). 

Cryohto was formerly a rare mineral, but 
about 1855 it was introduced into Europe com- 
mercially, and at once found numerous applica- 
tions in the arts. About 10,000 tons are 


CRUMPSALL YELLOW v. Azo- colouring 

MATTERS. 

CRURIN. Trade name for quinoline bis- 
muth thiocyanate, used as an antigonorrhoic. 
CRYOGENIN. m - Benzaminsenncarbazido 


H 2 N-CO- 


NHNH-CO-NH,. Used as 


an antipyretic. 

CRYOLITE. — ( Kryolilh , Gor.) A native flu6r- 
ide of aluminium and sodium, found almost 
exclusively in Greenland, whence it has been 
soibetimes called ‘ Greenland spar ’ The name 
cryolite, or ‘ice-spar’ (EtMitein) refers to the 
general resemblance of the mineral to ice (Kpvos) 
and to its ready fusibility in a candle-flame. 
The mineral was discovered by the Danes in 
1794, and desenbed in* the following year by 
Schumacher. Nearly all the cryolite of com- 
merce is obtained from a single locality at 
lvigtut (or Evigtok), on Arsuk-fjord m south- 
west Greenland. This locality was visited by 
Gioseek6, and latyr -by J. W. Tayler (Quart. 
Jour. Geol. Soc. 12, 140). The cryolite occurs 
as a large deposit m gneiss, and contains 
(especially near its junction with the enclosing 
rock) a number of metallic minerals, such as 
galena, pyrites, and ehalybitc (v. P. John- 
strup, N. Jahrb. f. Min. 1886, 1, Ref. 28; 
R. Baldauf, Zeitseh. prakt Geol. 1910, xvm. 
432 ; O. B. B^ggild, Mineral ogia Groelandica, 
Kj0benhavn, 1905; O. B. B^ggild, Mcddelelser 
om Grpnland, 1912, 1 107, ami Zeitseh. Kryst. 
Min., 1913, h. 591. 0. P. Bernard, The Cryolite 
Mine at lvigtut, Greenland, Mimng Magazine, 
1916, xiv. 202). 

Cryolite is usually found m cleavable trans- 
lucent masses, of snow-white colour, with a 
peculiar moist-looking vitreous lustre which 
rondors tho mineral easy of recognition. H. 2*5 ; 
sp.gr. 2*9-3. Crystals aro rare, and their rela- 
tions have been the subject of much discussion ; 
they are cube-like in habit, and belong to the 
monoclinic system. There are three perfect 
cleavages approximately at right angles to one 
another. Although cryolite is usually white, 
it is sometimes coloured brown or reddish, and 
is said to pass .downwards, in the Greenland 
deposit, into a black mass. The black variety 
loses its colour when heated. Before the blow- 
pipe cryolite fuses to a white enamel. 

The composition of cryolite may be repre- 
sented by the formula 3NaF*AlF 3 or Na 3 AlF fl . 
This corresponds to 12*8 p.c. Al, 32*8 Na, and 
54*4 F. An analysis of the Greenland cryolite 


exported annually from Greenland. By heating 
finely powdered cryolite with sodium or with 
magnesium, J. Percy and A. Dick obtained 
metallic aluminium (Phil. Mag. 10, 1855, 364). 
Deville found that fused cryolite is decomposed 
by the passage of an electric current, with^ 
elimination of freo aluminium. At the present 
time, aluminium is prepared by the electrolysis 
of bauxite, but the addition of some cryolite is 
necessary to start the process and to keep it in 
continuous operation ( v Aluminum), 

A wide range of applications was suggested 
when Julius Thomsen showed in 1850 that 
cryolite is readily decomposed by heating with 
calcium carbonate, and that sodium aluminate 
may be thus obtained : 

Al,F B *6NaF+6CaC0 3 

=3Na 2 0*A1 2 0 3 -f6NaF,-j-6C0 3 
If heated with quicklime, a similar decomposi- 
tion is effected, of course without evolution of 
C0 2 . The sodium aluminate has been used in 
the manufacture of alum, and in the preparation 
of caustic, soda for soap making. By lixiviation, 
the aluminate is easily dissolved out ; and by 
the passage of 00 2 through the solution, Na 2 C0 3 
us oDtained, while alumina separates in a gela- 
tinous form. The decomposition of cryolite 
may also be effected by boiling the finely pul- 
verised mineral with milk of lime. By adding 
an excess of powdered cryolite to the resulting 
solution, the aluminate is decomposed, the alu- 
mina being precipitated, while Bodium fluoride 
remains m solution : 

3Na 2 0*Al 2 0 a +Al 2 F c *6NaF=2Al 2 0 3 +12NaF 
Cryolite can be readily decomposed by the 
action of sulphuric acid, with formation of 
sodiuifl sulphate, which can be easily converted 
into carbonate ; but the process, after trial at 
Copenhagen, has been abandoned in conse- 
quence of the inconvenience arising from the 
evolution of hydrofluoric acid : 
Al,F 8 *6NaF+6H 2 S0 4 

= Al 2 (S0 4 ) 3 +3Na 2 S0 4 -f 12HF 
Tho manufacture of Boda from cryolite is 
carried on at Oersund in Denmark, and at 
NatHfcia, near Pittsburg m Pennyslvama. The 
mineral is also employed in the preparation of 
enamels on iron and /or the manufacture of an 
opaline glass, somewhat resembling porcelain. 
This glass may ho formed by fusing together 
100 parts of silica, 35 or 36 of cryolite, and 13 
or 14 of oxide of zinc. C. Weinreb hap in- 
vestigated the cause of the milkiness of cryolite 
glass, and believes that it is due to the presence 
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of aluminium fluoride, which on the cooling 
of the fused mass, separates in a highly com- 
minuted condition, and being distributed 
through the glass renders it more or less opaque 
(Dingl. poly. J. 250, 301). L. J. S. 

CRYOLITHIONITE. Fluoride of lithium, 
sodium, and aluminium, Li 3 Na s Al t F 12 , remark- 
able in containing a higher percentage of 
lithium (5 ‘35 p.c.) than any other mineral. It 
occurs as large, colourless, rhombic-dodecahedra 
embedded in the cryolite deposit at Ivigtut in 
Greenland. Sp.gr. 2 77; H. 2 £-3; »Na 1’3395; 
m.p. 710°. The mineral dissolves m 1350 parts 
of water at 18°, and from this solution crystallises 
as cubes. L. J. S. 

CRYOSCOPY. So long ago as 1788 Blagden 
proved that the extent to which the freezing 
point of an aqueous solution lies below that of 
water — the depression of the freezing point, as it 
is called — is proportional to the concentration of 
the dissolvecf substance. Nearly a century later, 
-the researches of de Coppot and Raoult showed 
that when equimolecular proportions of different 
substances are dissolved in equal quantities of a 
given solvent, the solutions so obtained have, in 
general, the same freezing point. It is on these 
facts that tho use of the cryoseopic method of 
determining the molecular weights of dissolved 
substancos is based. 

In comparing tho effects of different, sub- 
stances on the freezing point of a given solvent, 
it is obviously convenient, m view of do Goppet’s 
and Raoult’s results, to refer these effects to 
1 gram molecule of solute and to some definite 
quantity of the solvent : in practice, 100 grams 
of the latter are taken as the standard amount 
Tho depression of the freezing point for such a 
concentrated solution as one containing 1 gram, 
molecule of solute in 100 grams of solvent 
cannot be determined directly : it is calculated 
from the depression observed for a dilute solu- 
tion, on the basis of the proportionality between 
depression and concentration. An example 
may be taken to illustrate tins point. A solu- 
tion containing O' 009 gram of ethyl alcohol m 
100 grams of water freezes 0‘243° below the 
freezing point of water ; from these data it 
follows, if proportionality between depression 
and concentration is assumed, that the de- 
pression for a solution containing 1 gram 
moloeule of alcohol in 100 grams of water would 
be () ^ 4 ^ g 4 - a — 18'4°. Again, a solution of 
4 ‘270 grams of sucrose in 100 grams of water, 
freezes 0237° bolow tho freezing point of water; 
from these data it follows, as aoovc, that the 
depression for a solution containing 1 gram 
moleculo of sucrose in 100 grams of water would 

be ° 2 4 276 42 ~ If the depressions pro- 

duced by 1 gram moleculo of oilier non-electro- 
lytes in 100 grams of water are similarly calcu- 
lated from experimental data, Values are ob- 
tained which are very close to tho figures already 
quoted. The depression, therefore, for a solu- 
tion containing 1 gram molecule of non -electro- 
lyte in 100 grams of water is a constant, 
independent of tho particular solute ; the 
average value of the constant for water, de- 
duced in the empirical way just described, is 
18-5°. 

For each solvent, a characteristic constant 


(k) can be similarly deduced from experimental 
data. The evaluation 'of this constant — the 
‘ molecular depression of the freezing point ’ — 
is effected, as illustrated above, by the formula 
k=^~ At, where At is the depression of freezing 
point observed for a solution containing g grams 
of soluto in 100 grains of solvent, and M is the 
molecular weight of the solute. 

It has been shown by van’t Hoff that, on 
thermodynamical grounds, the molecular de- 
pression of the freezing point for any solvent is 
quantitatively related to the temperature of 
freezing and to the latent heat of fusion. The 
relationship in question is k— w } ie re 

T is the freezing point of the solvent on the 
absolute scale, and o> is the latent heat of fusion 
per gram of the solvent. Tho following table 
shows how far tho values of the molecular de- 
pression, calculated for various solvents by 
van’t Hoff’s formula, are in agreement with 
those deduced empirically . — 



l 

k 

Solvent 

Empirical 

Calculated 

Water 

18 5 U 

18-0° 

Formic acid 

. 28 lJ 

27 '5° 

Acetic acid 

. 39° 

38-5° 

Benzene . 

. 50” 

52° 

Naphthalene 

. 08 5° 

09° 

p-Tol uidme 

. 53° 

51° 

l’honol . 

. 75" 

74° 

Tho formula 

- S - is based on tho 


assumption that, when a solution freezes, it. is 
the pure solid solvent which crystallises out. It 
is not surprising, therefore, that in cases where 
the crystals separating from the solution contain 
some of the dissolved substance, e.q solutions of 
thiophene in benzene, thd empirical value for 
tho molecular depression, deduced m the usual 
way, differs considerably from the normal value. 
In such cases the depression observed is smaller 
than it would bo if the pure solid Bolvont 
separated out. 

When the value of k for any solvent has been 
ascertained, either empirically by experiments 
with normal substances of kviown molecular 
weight, or indirectly by van’t Hoff’s formula, 
it may be utilised in determining the molecular 
weights of new substances. For this purpose, 

the formula k—^Al is employed, but now k is 
taken as known, and M is the quantity to be 
evaluated : in view of this, the equation may be 
written M — 

It is evident that a determination of the 
molecular weight of a dissolved substance by 
the oryoscopic method depends, not on the 
absolute freezing temperature of the solution, 
but on the difference between the freezing point 
of the solvent and that of the solution. This 
difference can be determined with greater 
accuracy than can the freezing temperatures 
themselves. A thermometer with a very open 
scale, covering only 5°-0°, is employed, and it is 
convenient, as suggested by Beckmann, to have 
a reservoir attached to the upper end of the 
thermometer tube, so that the quantity of 
mercury in the bulb and stem may be varied 
according to requirements. This device permits 
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the use of one and the same thermometer at 
different temperatures, and therefore with 
various solvents. In Beckmann’s thermometer, 
whioh is the one usually employed in cryoscopic 
investigations, the scale degree is about 4 cm. 
in length and is divided in hundredths : with 
the aid of a lens, preferably adapted for sliding 
up and down the stem, it is possible to estimate 
O'OOl 0 . The form of the reservoir attached 
to the upper end of the ordinary Beckmann 
thermometer is shown in the accompanying 
sketch. When it is desired to adjust the 
thermometer for experiments with any given 
solvent, the bulb is immersed in water of the 
Bame temperature as the freezing point of 
the solvent. If the top of the mercury thread 
should reach a steady position on 
the upper half of the scale, no 
further adjustment is needed. 
Should the mercury, after suffi- 
cient time has been allowed, ex- 
tend beyond the scale and into 
the reservoir, it. is necessary to 
detach a portion. This is effected 
by putting the bulb in water 
2°-3 4 higher than the required 
temperature, and then gently 
tapping the upper end of the 
thermometer until the mercury 
hanging at the top of the reservoir 
is separated from the thread. On 
cooling down again to the freezing 
temperature of the solvent, the 
top of the thread should now como 
to rest somewhere on the upper 
half of tho scale If the quantity 
of morcury in tho bulb and stem 
is too Hraall, so that when the 
thermometer is immersed in water 
of the same temperature as tho 
freezing point, of tho solvent, the thread does I 
not reach the scale or appears only on the lowest 
part of it, tho bulb is warmod until the mercury 
appears at the top of tho reservoir. By a 
throwing movement, sorao of tho mercury at 
the bottom of the reservoir is jerked up to 
the top, where it joins the end of tho thread. 
The bulb is then immersed in water 2°-3° 
abovo the temperature required, and the final 
adjustment is carried out in the way already 
described. 

The cryoscopio apparatus commonly em- 
ployed for the determination of the molecular 
weight of dissolved substances is that known as 
Beokmann’s. The accuracy of this method, as 
ordinarily applied, is not great, the error being 
of the order ±5 p.o. For most laboratory 
purposes, howover, this is sufficient, and it is 
only when oxtrome accuracy is required, as in 
the investigation of very dilute aqueous solu- 
tions, that Bpecial forms of apparatus have to 
be employed. 

The essential parts of Beckmann’s apparatus 
are seen in the subjoined diagram. A stouff glass 
jar, holding about lj litres, is provided with a 
metal top, at the siae of which is a hole for a 
stirrer, and in the middle of which is anothor hole 
capable of holding a large stout test-tube, 
3-4 om. in diameter. The lid and the tube are 
held in position by springs, as will be evident 
from the diagram. By means of a cork, there 
is fitted in the tube another, narrower one, to 



Fia. 1. 



Fia. 2. 


hold the liquid under investigation. This tube 
should preferably have a flat bottom, while 
the part of it which projects beyond the outer 
jacket is provided with an auxiliary side tube, 
and is itself widened out 
at the upper extremity. 

The cork with which this 
inner tube — the freezing 
tube, as it may be called 
— is fitted carries the 
thermometer, and allows 
also free passage to a 
stirrer. The latter is- best 
made of stout platinum 
wire, but silver or nickel 
may be used, provided 
that the possibility of 
chemical action is ex- 
cluded. The tliermomo- 
ter must be fitted in an 
accurately central posi- 
tion, so that the stirrer 
may be moved up and 
down without grating. 

When a determination 
of molecular weight is to 
ho made, the freezing 
tube is charged with a 
weighed quantity of the 
solvent, usually 10-20 
grams, and the jar is 
filled with water or a 
mixture of ice and salt 
kept at a temperature 
4°-5° below the freezing point of the solvent 
under examination. The freezing tube, with 
thermometer and stirrer, is immorsed directly 
m the jar, until tho temperature has fallen 
almost to the freezing point. It is then set in 
tho jacket tubo and tho contents are stirred 
regularly, while the mercury in the thermometer 
falls slowly. The fall continues until the solvent 
is more or less supercooled. In the majority of 
oases, freezmg sets in spontaneously before the 
supercooling exceeds 0-5°, and the liberation of 
heat results in a rise of the mercury in the 
thermometer up to a steady maximum position. 
This is the freezing point of the solvent — the 
temperature at which liquid and &lid solvent 
are in equilibrium with each other. It is ad- 
visable, when the thread is rising towards its 
steady position, to tap the thermometer before 
taking a rending, and so avoid the possibility of 
the mercury sticking in the capillary. Should 
the supercooling oxceed 0 5°, crystallisation 
ought to be initiated, either by stirring very 
vigorously for a few moments or by introducing 
a tiny crystal of the solid solvent. Whenever 
freezing has begun, the solvent must then be 
stirred with uniform regularity until the con- 
stant temperature has been reached. 

The freezing point of the solvent having been 
determined two or three times in the manner 
just described, a weighed quantity of the solute, 
enough to give a depression of not less than 0*2°, 
is introduced, and the freezing point of the 
solution is then ascertained in the same way as 
that of the solvent. Subsequent additions of 
solute are made and the resulting depressions 
determined as before. One addition, it is true, 
yiolds sufficient data for tho calculation of the 
molecular weight of the solute, but it is desirable 
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to ascertain also whether the concentration of 
the solute has any definite and notable influence 
on the value obtained for its molecular weight. 
It is advisable, further, to redetermine the 
freezing point of the solvent at the end of guch 
a series of experiments, and so obtain a guaran- 
tee that the zero of the thermometer has not 
changed appreciably during the course of the 
work. 

Various suggestions have been made from 
time to time with the object of rendering the 
simple Beckmann apparatus a more accurate 
instrument. Thus it has been proposed to Htir 
the contents of the freezing tube mechanically 
instead of by hand. The access of atmospheric 
moisture to a hygroscopic solvent may be pre- 
vented by passing a current of dry air into the 
freezing tube during an experiment, or by using 
as stirrer an iron ring winch is enveloped in 
~ platinum foil and is operated electromagne- 
tically. In this latter case, obviously, com- 
munication between the contents of the freezing 
otube and the outside air can be completely cut 
off. The same end is attained by employing an 
ordinary stirror with a mercury valve. (For a 
detailod description of these modifications and 
additions, see Beckmann, Zeitsch. physikal, 
Chem. 1891, 7, 323 ; 189b, 21, 239 ; 1897, 22, 
016 ; 1903, 44, 109 ; also Ostwald and Luther’s 
Physiko-chemische Mossungen.) 

For the determination of the freezing point 
of liquids which are obtainable only in small 
quantities — physiological fluids, for example — 
Beckmann’s apparatus, m its ordinary form, is 
too large. Modifications of tins apparatus, 
suitablo for the investigation of blood, urine, 
&c., have been suggested by various authors 
(Guye and Bogdan, J. Chun. Phys. 1903, 1, 
379; Burian and Druoker, Zcntr. Physiol. 1910, 
23, 772). In those instruments, only 1-2 oub.cm. 
of liquid is required, and it is claimed that the 
accuracy is of the same order as that attainable 
with the ordinary Beckmann apparatus. In 
this connection, mention ought to be made also 
of Eykman’s apparatus (Zeitsch. physikal. 
Chem. 1888, 2, 904 ; 1889, 4, 497). This con- 
sists of a small flask, holding about 10 cub. cm , 
into the neok of which is ground a thermometer, 
graduated in tenths or hundredths of a degree. 
There is no separate jacketing vessel, but the 
procedure is similar to that followed in the case 
of the Beckmann apparatus. 

As regards the preparation of the cooling 
bath required in the cryoscopic investigation of 
aqueous solutions, the usual mixture of ice and 
common salt solution may be replaced in some 
oases by a mixturo of ice and a solid salt, which 
gives a steady eutectic temperature. Salts 
suitable for this purpose, with the eutectic 
temperatures obtained when they are mixed 
with ice, are alum, — 0 - 47°; sodium sulphate, 
— 0*7°; potassium dichromate, — 1'0°; potas- 
sium sulphate, —1*5°; copper sulphate, —2-0° ; 
potassium nitrate, —3*0° ; zinc sulphate. 
— 5'0°; barium chloride, —7*0°. Anothdr kind 
of cooling bath was used by Raoult, who sur- 
rounded the jacketed freezing tube with ether, 
and passed through the latter a current of dry 
air (Compt. rend. 1896, 123, 476 ; Zeitsch. 
physikal. Ohem. 1898, 27, 817). By careful 
regulation of the rate at whioh’the air is forced 
through the ether, the bath can be adjusted to 


any poiiH between room temperature {tnd 
-15°. 

When it is desired* to find the molecular 
weight of a new substance, the question of the 
most suitable solvent arises. The choice is 
frequently limited by the solubility of the sub* 
stance ; it may be appreciably soluble in only 
one or two of the more common solvents. 
Apart from this, however, there are other con- 
siderations which must bo taken into account. 
Extensive investigation has proved that with 
certain combinations of solvent and solute, the 
I cryoscopic method gives abnormal valuos for 
the molecular weight of the dissolved substance. 
Pre-eminently is this the case when the solvent 
is water and the soluto is an acid, a base, or a 
salt, in short, an electrolyte ; under those 
circumstances, the value found for the mole- 
cular weight of the solute is abnormally low. 
On the other hand, the mfluenco of substances 
containing the hydroxyl group (alcohols, acids, 
phenols, oximes) on the freezing point of hydro- 
carbons (benzene) and allied mdifroront solvents, 
is such as to load to abnormally high values for 
the molecular weight. The cryoscopic investiga- 
tion of solutions of acetic acid in benzene 
indicates that the formula of the acid is more 
correctly represented by (CH 3 - C()OH) 2 than by 
OH 3 -COOM. Again, while the molecular weight 
of alcohol m benzene is nearly normal in dilute 
solution, the value increases rapidly as the con- 
centration of the alcohol rises. The combina- 
tions of solvont and solute which lead to 
abnormally high values of the molecular weight 
have been studied in detail by various workers 
(Auwors, Zeitsch. physikal Chem. 1893, 12, 689 ; 
1894, 15, 33; 1895, 18, 595; 1896, 21, 337 ; 
1897, 23, 449; 1899, 30, 300; 1903, 42, 513, 
629; Biltz, ibui. 1899, 29, 249; Robertson, 
Chem. Soo. Trans. 1903, 83, 1425; 1904, 85, 
1617; 1905, 87, 1574; 1906, 89, 667). It 
should be noted that in cases also where the 
dissolved substanco crystallises out along with 
the solvent, tho depression of the freezing point 
is abnormally small, and the value of the mole- 
cular weight calculated therefrom is corre- 
spondingly high. 

For tho cryoscopic determination of the 
molecular weights of dissolved substances a 
method of moderate accuracy is sufficient, and 
an experiment may be carriod out with a com- 
paratively small quantity of liquid. The case is 
different with the problem of finding the exact 
depression of the freezing point for very dilute 
aquoous solutions — a problem to whicn much 
attention has been devoted because of its 
bearing on the theory of solution. It was early 
evident that the cryoscopic investigation of very 
dilute solutions involves special difficulties, for 
the discrepancies between the results obtained 
by different workers were very considerable. 
Thus the molecular depression for water, based 
on experiments with sucrose in which the 
actually obsorved depressions amounted only to 
t about 0 05°, was found by Arrhenius to be 20*2°, 
by Raoult, 20*7°; by Jones, 21 "8° ; and by 
Loomis, 18-1°, instead of tho theoretieal value, 
18*6°. Subsequent investigations (Nemst and 
Abogg, Zeitsch. physikal. Chem. 1894, 16, 681 ; 
Abegg, ibid. 1896, *20, 207 ; Wildermann, Phil. 
Mag. 1895, 40, 119; Proc. Roy. Soo. 1896, 261 ; 
Raoult, Zeitsch. physikal. Chem. 1898, 27, 617) 
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have made it dear what conditions must bo 
fulfilled if the freezing point depression for a 
dilute aqueous solution is to be determined with 
certainty to 0 - 001°. It will be sufficient here to 
indioate these conditions briefly. 

As regards tho thermometer, it is essential 
that a telescope be used for reading the position 
of the mercury, and that the bulb of the instru- 
ment be kept at about 0° during the whole of a 
series of experiments. Tho influence of altera- 
tions in the atmospheric pressure cannot- bo 
neglected, for it appears that a difference of 
1 mm. mercury has about the same effect on a 
Beckmann thermometer as a temperature 
change of 0 - (K)02°. On similar grounds, tho 
thermometer must be immersed always to the 
same depth in solvent and solutions, it should 
be mentioned here that platinum resistance 
thermometers have been used in accurate 
cryoscopic work instead of the Beckmann in- 
struments (see Chrustchoff, Compt. rend. 11100, 
131, 883 ; 1901, 133, 955 ; Bedford, Proe. Hoy. 
Soc. A, 1910, 83, 454). The difference between 
the freezing points of solvent and solution has 
also been determined thermoelectrically (Haus- 
rath, Ann. Physik. 1902, [iv.] 9, 522 ; Jahn 
Zeitsch. physikal. Chom. 1907, 69, 31 ; Flugel, 
ihd. 1912, 79, 577 ; Adams, J. Amer. Chem. 
Soc. 1915, 37, 481). 

Tho tomperaturo of the cooling bath is a 
matter which has to be carefully considered, if 
the freezing point depression for a dilute solution 
is to bo correctly determined. Suppose that in 
aa experiment with the ordinary Beckmann 
apparatus the aqueous solution in the inner 
tube cools without freezing, it is obvious that 
tho lowost temperature to which the solution 
can fall must be higher than that of the cooling 
bath, because of the heat- conducted from tho 
air to the solution through tho thermometer, 
stirrer, and tube, and because of the heat 
generated by the stirring. This lowest tempera- 
ture, which the contents of tho froozing tubo 
tend to assume when no freezing takes place, is 
known as the convergence temperature. The 
difference between tho convergence temperature 
and the tomperaturo of the cooling bath varies, 
of course, with each apparatus ; it decreases as 
the facility for heat exchange between the 
solution and tho external air is lessened, and as 
the rate of stirring is diminished. Suppose now 
that tho solution under examination has become 
supercoolod, and that it has reached tho con- 
vergence temperature. Tho introduction of a 
orystal of the solid solvent at this stage initiates 
the froezing process ; heat is liberated and the 
temperature of the solution rises. Inasmuch, 
however, as the solution is no longer at the con- 
vergence temperature, there is an influence at 
work tending to lower the temperature of the 
solution, so that the latter never reaches its 
true freezing point : the maximum position 
reaohed by the mercury is only what may bo 
called the apparent freezing point of the solution. 
Similarly, when the freezing point of the solutiop 
lies below the convergence temperature, an 
apparent freezing point is observed which is 
somewhat higher than the true freezing point. 
In both oases, the apparent freezing point lies 
between the true freezing point and the con- 
vergence temperature. In view of these con- 
siderations, it is necessary, in cryoBoopic work 


of the most accurate kind, either to adjust the 
cooling bath so that the convergence tempera- 
ture and the freezing point are practically the 
same, or to apply a correction to the apparent 
freezing point (see Raoult, l.c. ; Nemst and 
Abegg, l.c.). 

The froezing point of a solution is the 
tomperaturo at which the solution and the solid 
solvent are in equilibrium, and in order that this 
equilibrium, and thoroforo tho freezing point, 
may bo woll defined, it is essential that a con- 
siderable quantity of solid should be in contact 
with the solution. In the case of aqueous solu- 
tions, this has generally been effected by super- 
cooling to the extent of 0‘5° or TO 0 , and then 
introducing a crystal of ice. If this method is 
adopted, then a correction must be rnado for the 
charge of concentration resulting from the 
separation of ice. Some workers, however, 
determine tho freezing point by adding the 
cooled solution to a fairly large quantity of 
finely divided ice, and then observing the steady 
temperature shown by a thermometer immersei 
in the mixture (see Walker and Robertson, Proc. 
Roy. Soc. Edin. 1903, 24. 303 ; Richards, J. 
Amer. Chem. Soe 1903, 25, 291 ; Jahn, Zeitsch. 
physikal. Chem. 1904 , 50, 129 ; Roth, ibid. 1912, 
79, 601 ; Adams, J. Amer. Chem. Soc. 1915, 
37, 481 ; compare also Prytz, Ann. Physik. 
1902, [iv.] 7, 882). In this method of procedure, 
equilibrium between the two phases is Very 
rapidly established and tho concentration of the 
liquid is ascertained by an analysis made subse- 
quently to the determination of the freezing 
point. 

It- has already been pointed out that the 
freezing point depression is proportional to the 
number of dissolved units. Tho cryoscopio 
method may therefore be employed, not only 
in the determination of the molecular weights of 
dissolved substances, but also in the study of the 
question whother in a particular case a change in 
the number of dissolved units takes place. It 
is found, for mstanco, that the freezing pointB of 
potassium iodide solutions aro not appreciably 
affected by the addition of iodine, which shows 
that the iodine must combine with tho units 
already present m the solution (sec be Blanc and 
Noyes, Zeitsch. physikal. (-hem. 1890, 6, 385; 
Paternb and Peratonor, (Jazz. chim. ital. 1890, 
21, 110). The cryoscopic method may similarly 
bo employed in following the course of a reaction 
between dissolved substances which involves a 
change in the number of units, as for instance, 
the inversion of sucrose isee Kahlenberg, Davis, 
and Fowler, J. Amer. Chem. Soc. 1899, 21, 1). 

J. C. P. 

CRYPTOPINE v. Opium. 

CRYSOBERYL or CHRISOBERYL v. Gluci- 

NUM. 

CRYSTAL PONCEAU v. Azo- colouring 

MATTERS. 

CRYSTAL VARNISH or PAPER VARNISH 

v. Varnish. 

CRYSTAL VIOLET v. Triphenylmethaotb 

COLOURING MATTERS. 

CRYSTALLIN v. Proteins; 

CRYSTALLISATION. Crystals are often pro- 
duced during the concentration of liquors in 
evaporating pans. Hand or mechanical scrapers 
are used for removing these crystals con- 
tinuously. Such crystals are generally too 
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impure for sale and are redissolved in sufficient 
hot water to produce a solution, which, after 
clarification by subsidence or filtration, will 
yield, in tho crystallising pan, bright and market- 
able crystals. Tho temperature and concen- 
tration of the solution, to yield the best result, 
have to bo determined for every substance. Tho 
mothor liquor is run off and the crystals trans- 
ferred to drainers or centrifugal machines to be 
dried before packing. in some instances, 
several repetitions of this treatment are made, 
and the crystals are washed with water or liquor 
after eaoh treatment. The crystallising pans 
are made of materials which give tho best 
economic result ; either they resist the mother 
liquors or, if attacked, do not spoil the product 
by discolouration or too much impurity. Cast- 
iron tanks about 2 feet deep with bottoms 
sloping to tho outlot and rounded corners, are 
common. Wooden tanks unlinod or lined with 
sheet lead, zinc, tin, or other motal, aro used 
largely. Some manufacturers suspend rough- 
ened strips of metal m the pans, to which the 
crystals adhore. For rapid production, crystal- 
lisation by repose is now giving place in many 
industries to crystallisation in motion. The 
crystallising vessels are provided with circu- 
lating blades or with comprossod air jets, so 
that the crystals as they form are prevented from 
adhering to the sides 'of the vessel, but remain 
suspended in the liquor, which, on complete 
cooling, flows directly to the centrifugal machines 
for the separation of the mother liquor. These 
crystals are purer and more convenient to 
handle than those obtained by repose methods. 
In the case of deliquescent substances and also 
in those instances where the mother liquor is 
sufficiently pure to make it unnecessary to 
purify by crystallisation, the liquor is concen- 
trated in film evaporators so that only sufficient 
water remains in it to form tho crystal. The 
liquor produced is run into drums, and forms on 
cooling, a solid block of crystals In somo 
works, the liquor is run into a pocketed worm 
conveyor so that the crystals which form, leave 
tho apparatus in a loose state. 

The capacity of crystallising plant can be 
determined from a knowledge of the physical 
data involved. Whon crystallising by repose 
mothods the rate of evaporation of the solution 
is given very closely by the utility formula : 



where W is the weight of water in kifograms 
evaporated per hour per square metre of surface 
of the liquid, p e is the vapour pressure of the 
solution in mm. of mercury at the temperature 
under consideration, and pj is the pressure of 
the aqueous vapour in the atmosphere of the 
factory. If a draught with a velocity exceeding 
(say) 1 metre per second is produced in tho 
crystallising room, the figure given by tho above 
formula will be low, and should bo* multiplied 
by a factor which is approximately the square 
root of the velocity in metres per second. 

If tho mother liquor is run into tho crystal- 
lising vessels hot, then the time of cooling and 
evaporation can be determined by a graphical 
integration of the rates of cooling from the 
surface of the vessel and cooling from evapora- 


tion from the surface of the liquid at a series of 
temperatures. 

Many solutions will not produce bright 
crystals at temperatures above 20° C. ; in such 
cases, propeller fans are most useful in keeping 
down tne temperature and increasing the output. 

Substances which form hard cemented masses 
on the cool surfaces of the crystallising vessels 
may be most satisfactorily treated in vacuum 
evaporators, where tho crystals form on the 
surfaco and then drop to the bottom of the 
vessel, unless a stirrer tie provided to keep them 
m suspension. This method is most useful 
when crystallising from volatile solvents. 

Crystals of uniform size aro also most effici- 
ently produced in this way, since tho rate of 
evaporation and the temperature can ho perfectly 
regulated. A mother liquor of suitable strength 
is produced in the pan and allowed to cool to 
saturation temperature. The solution is then 
‘ sown ’ with a suitable quantity of finely 
powdered substanco, and tho heating coils and 
vacuum pump set to work at such a rate os to 
maintain tho tomporaturo and produce the 
required amount of evaporation, the liquid being 
9tirred continuously As soon as the crystals 
are known to have reached the required size, 
the mass is discharged through strainers and 
the mother liquor returned to form a portion 
of the next charge. J .W. II 

CUBA BLACK v. Azo- colouring matters. 

CUBEBS. Cubeba ? fructvx, B.P. Tho dried 
full-grown unripe fruits of Pipn Cubeba (Linn, 
fil.). 

CUBEBS CAMPHOR r. Camphors. 

CUBEBS, OIL OF, v Oils, Essential. 

CUCUMBER. The fruit- (really a berry) of 
Cucumu sativum (Linn.). Kbmg gives as the 
average composition : 

Nitrogenous Other rarbo 

Water matter Fat Sugar hydrates Fibre Ash 

9630 1-09 011 1*12 1-09 078 0‘45 

According to Wittmann (1901), cucumbers con-' 
tain about 0"2 p.c. of pentosans. 

Heinze (Zeitsch. Nahr. CenuRsm. 1903, 6, 
529) observed that large cucumbers contain a 
higher proportion of sugar than small ones, but 
less nitrogenous matter. He gives as the mean 
composition : 

Other 

Pro- Glu- Cfino carbohy- 
Water tein Fat cose sugar drates Fibre Ash 
Small 90-6 0-81 0*09 0-00 0*10 144 0-58 0‘34 
Large 95*8 0'67 0'09 0f>6 0'09 1*60 1'66 0*42 

The ash of eucumbors contains : 


F,0 NaoO CaO MgO Fe,O s P,0 B SO, SIO. 
61-7 4-2 7-0 4-5 08 13*1 5*7 4*3 


' H. I. 

CUDBEAR v. Archil. 

CULLEN EARTH or COLOGNE EARTH v. 

Figments. 

CULLET r. Glass. 

CULM v. Anthracite , art. Fuel. 

CUMENES. Cumds. The name cumene t 
originally appliod to wopropyl benzene 
C # H 8 , CH(CH 3 ) a 

to indicate its connection with cumic acid , from 
which it was obtained by distillation with lime, 
is frequently employed as a generio term to 
denote any of the isomeric benzene^ hydro- 
carbons of the formula C 9 H 12 . Theory predicts 




the existence of eight of these, all of which have 
been found in coal-tar oil. 

Propylbanzenes. 

1. Normal propylbenzene (n- cumene) 

C 8 H 6 *CH 3 *CH 3 *CH 3 

Present in coal tar oil in fraction boiling at 
153°-157° (Schultz and Perl, Ber. 1909, 3602). 
By the aotion of sodium on a mixture of bromo- 
benzene and propyl bromide in ethereal solution 
(Fifctig, Schanor and Kdnig, Amialen, 149, 324). 
By the action of aluminium chloride on tri- 
methylene bromide, propylbenzene and di- 
phenylpropano (sym.) are formed, tho latter of 
which, on further treatment, yields propylben- 
zene and cumene (Bodroux, Compt. rend. 132, 
156). Prom benzene, aluminium chlorido and 
propyl bromide, when kept at 0° (Heiso, Bor. 
1891, 768; Genvreaso, Bull. Soc. ehim. 9, [3] 
219). From benzyl chloride, C„H 6 *CH 2 C1 and 
zinc-ethyl (Patornd and Spiza, Ber. 10, 294). 
Liquid boiling at 159° (corr ), sp.gr. 0*867 at 
15715° (Perkin, Chem. Soc. Trans. 1900, 274). 
Yields benzoic acid on oxidation with chromic 
acid. 

Cumene, together with toluene, may bo 
obtained from oymene by domethylation by the 
action of aluminium chloride in presence of 
benzene : 

C 3 Hj *C 6 H 4 *CH 3 -f-C fl H a 

= C ftll 6 ‘CH S -f C 3 H 7 *C 0 H 6 
(Baadlker' and Halse, Bull. Soc. ehim. 1916, 

19, 444). 

2. Isopropylbenzene ( Cumene ) 

C fl H 6 *CH(CH 3 ) t 

Present in American petroleum (Maberry and 
Dunn, Amor. Okem. J. 18, 215). By distilling 
cumio acid C 8 H^|CH(CH 3 ) 2 ]C0 2 II(1, 4) with 
linie or baryta (Gerhardt and Caliours, Ann. 
Chim. Phys. [3] 1, 87). From bonzal chlorido 
C„H 8 *CHC1 2 and zinc-methyl (Liobormann, Ber. 
13, 46). Phenyl magnesium bromide reacts 
with acctono to give methylethenylbenzene, 
which, on hydrogenation, yields cumene (Tif- 
feneau, Compt. rend 134, 845). From benzdne 
and either isopropyl bromide or normal propyl 
bfomido in presence of aluminium bromide 
(Gustavson, Ber. 14, 1251) Liquid boiling at 
152*5°-153° (oorr.); sp.gr. 0*8727, 7*974° (Perkin, 
Chem. Soc. Trans. 1900, 275). Yields benzoic 
acid on oxidation with chromic acid. 

Methylethylbenzenes (Ethyltoluenes). The 
three methylethylbenzenes are obtained by tho 
aotion of sodium on a mixturo of ethyl bro- 
mide or iodide with the corresponding brorno- 
tolubnes (ortho-, meta-, or para-). 

1. o-Methylethylbenzene 

C # H 4 (CH 8 )(C 2 H 6 )(1, 2) 

Liquid boiling at 158°-159°; sp.gr. 0*8731 at 
16. Dilute nitric acid oxidises it to o-toluic 
acid CjH^CHaJCOgHf 1, 2). 

. 2. m-Methylethylbcnzene 

C 6 H 4 (CH 3 )(C a H 6 )(l, 3) 

Liquid boiling at 168°-159°; sp.gr. 0*869 at 

20. Chromic acid oxidises it to wophthalic acid 
C«H*(0O,H) t (l, 3). 

3. p'Methyletkylbenzene 

C,H 4 (CH > )(C I H I )(1,4) 

Liquid boiling at 161° -102°; sp.gr. at 0*8652 at 
IL-SP. 


21°. abds on oxidation p-toluio and jbereph- 
thalic acids. 

Trimethylbenzenei, 

1. Consecutive trimethylbenzene (Hemeliitene ; 
Hemimellithene ) C # H a (CH s ) s (l, 2, 3). By heat- 
ing the calcium salt of a-woduric acid 

C 8 H 2 (CH 3 ) 3 C0 2 H 

with lime. Liquid boiling at 175° (Jacobsen, 
Bor. 15, 1857 ; 19, 2517). 

2. Unsymmctncal trimethylhenzene {pseudo- 
cumene) C 6 H 3 (CH 3 ) 3 (1, 2, 4), occurs together 
with mesitylene in coal-tar (Beilstein and Kogler, 
Annalon, 137, 317), and is present in many 
petroleums (Poni, Chem. Zentr. 1906, i. 459). 
By tho action of sodium on a mixture of either 
bromo- paraxyleno or bromometaxylene with 
methyl iodide. In order to isolate it from coal 
tar, Armstrong recommends (Chem. News, 38, 
5; Ber. 11, 1697) that the mixturo of pseudo- 
cumeno and mesitylene ( v infra) boiling between, 
160° and 170°, obtained from coal tar by 
fractional distillation, should be converted by 
treatment with an equal volume of coneen 
tratod sulphuric acid into sulphonic acids. The 
mixture of sulphonic acids, which separates as 
an oily layer on carefully adding water to the 
sulphuric acid solution, is heated with concen- 
trated hydrochloric acid in a sealed tube for 1 
hour at 100°. In this way, the mesitylene sul- 
phonio acid is decomposed, regenerating mesity- 
lene, whilst tho psoudocumenesulphomc acid is 
not attacked. After separating the mesitylene 
tho pseudocumenesulphonic acid is precipitated 
from the hydrochloric acid solution by sulphurio 
acid, purified by recrystallisation from dilute 
sulphuric acid and finally decomposed by heating 
with hydrochloric acid at 140° -150°, when it 
breaks up into pseudocumonc and sulphuric acid. 
Jacobsen (Ber. 9, 256) treats the mixture of 
sulphonic acids with barium or calcium car- 
bonate, which removes tho excess of sulphurio 
acid and converts the sulphonic acids into 
barium or calcium salts ; transforms these by 
double decomposition with sodium carbonate 
into sodium salts ; heats the latter with phos- 
phorus pentachloride, with which they yield 
the sulphonic chlondos fSOjjCI; converts 
the chlorides into the sulphonamides 

C 9 H u *S0 2 *NH 2 

by the action of ammonia ; and separates the 
two isomeric sulphonamides by recrystallisation 
from alcohol, m which mesitylene sulpkonamide 
is readily, pscudocumene sulphonamide only 
sparingly, soluble. The sulphonamides are then 
hydrolysed by heating with concentrated 
hydrochloric acid at 175°. 

Another method proposed by Jacobsen 
(Annalen, 184, 199) is to separate the two sul- 
phonic acids by fractional crystallisation ; 
pseudocumenesulphonic acid is soluble with 
difficulty in sulphuric acid and crystallises out. 
On heating to its melting-point ( 1 1C°) and passing 
in steam at a temperature of 250°, pure pseudo- 
cumene is obtained (see also Schultz ana Herz- 
feld, Ber. 1909, 3602). Pseudocumene boils at 
168*2°, and has sp.gr. 0*877 at 18° (Sohultz and 
Herzfeld, l.c.). On oxidation with nitric add, 
it yields two isomerio adds of the fonmala 
C 8 H 3 (CH 3 ) 2 C0 2 H— xylio acid and p-xylio add 

2i 
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—and a small quantity of the isomer^&ethyl- 
Mophthalic and methylterephthalic acids 
C,H 3 (CH 3 )(C0 2 H), 

(Bentley and Perkin, Chem. Soc. Trans. 1897, 
1 . 66 )- 

3. Symmetrical trimdhylbenzen e (Mesitylene) 
C a H 3 (CH 3 ) 3 (l, 3, 5). In coal-tar oil, in fraction 
boiling at 157 0 -162° (Fittig and Wackenroder, 
Annalon, 151, 292 ; Schultz and Perl, Bor. 1909, 
3602), and in American petroleum (Maberry and 
Dunn, Amer. Chem. J. 18, 215). By distilling 
acetone with sulphuric -acid 

3CO(CH 3 ) a =C 6 H 3 (CH 3 ) 3 -f 3H 2 0 
(Kiister and Stoll berg, Annalen, 278, 207 ; 
Meyer and Molz, Ber. 1896, 2831), or by dissolving 
allyleno CU 3 C:CH in sulphuric acid and dis- 
tilling with water 3CH 3 'C | CH=C 0 H 3 (CH 3 ) s 
(F ittig and Schrohe, Ber. 8, 17). (On the isola- 
tion of mesityleno from coal tar and the method 
of separating it from pseudocumene, v. preceding 
paragraph.) Liquid boiling at 164 ‘5° ; sp.gr. 
0*8768 at 4°/4° (Perkin, Chem. Soc. Trans. 1896, 
1193). Dilute nitric acid oxidises it to mesityl- 
enic acid C*H 3 (CH 3 ) 2 C0 4 H and uvitic acid . 
0 3 H 3 (CH 3 )(C0 2 H) 2 ; with potassium perman- 
ganate it yields uvitic acid and tnmosie acid 
C*H i (CO,H) M (l l 3, 5). 

CUMIDINES C,H 13 N. Of tho sixteen iso- 
meric cumidines which have hitherto been ob- 
tained, pseudo- or i^-cumidinc and mesidine are 
perhaps the most important. These bases are 
derivatives of pseudocumene and mesitylene 
respectively, the first of which is theoretically | 
capable of yielding three isomeric ^-cumidines, 
and the latter one cumidinc only. 

Pseudocumidine, -cumidine 
(CH 3 ) 3 C a H 2 NH 2 [CH 3 : CH 3 : CH 3 : NH 2 = 1 : 2:4:5] 
can be obtained by nitrating pseudocumene with 
fuming nitric acid in the cold, and reducing the 
nitro- compound (m.p. 71°) with tin and hydro- 
chloric acid (Schaper, Zeitsch. chem. [2J 23, 1) 
The base is prepared technically by digesting 
xylidine hydrochloride with methyl alcohol in 
an autoclave at 280°-300°, converting the crude 
product into the nitrate, separating the sparingly 
soluble nitrates by means of a centrifugal 
machine, washing the product with water and 
finally treating with an alkali. The mixture of 
bases consisting of cumidines and xylidmes is 
then fractionated, and the portion distilling 
between 225°-245° is allowed to crystallise, 
and finally freed from non-crystallisabl* bases 
by pressure (Aktiengesellschaft fur Anilin- 
fabrikation, D. R. P. 22265). The cumidine so 
obtained contains mesidine and other impurities 
(Hofmann, Ber. 17, 1912 ; Engel, ibid. 18, 
2229), but consists chiefly of Schaper’s pseudo- 
cumidine (cf. Hofmann, ibid. 15, 2896) which 
can be prepared in the pure state by digesting 
o-4-xylidine [NH 2 : CH 3 : CH a =l : 3: 4] or para- 
xylidine with methyl alcohol under similar 
conditions (Nolting and Forel, ibid. 18, 21380). # 

K Properties. — Pseudocumidine crystallises in 
large, lustrous prisms, melts at 63° (Hofmann), 
at 68° (Auwers, Ber. 18, 2661), and boils at 234°. 
felt is insoluble in water, but readily soluble in 
|aloohol. The nitrate is characterised by being 
> very sparingly soluble in water. Its acetyl 
derivative crystallises in compact white needles, 
welts at ler (Edler, ibid. 18, 629 ; Ndlting and 


Baumann), at 164° (Auwers) and boils above 
360°. Pseudocumidine is used as a source of 
azo- dyes (D. R. PP. 3229, 1878 ; 22265, 1882). 

o*-f cumidine [CH 3 :CH,:CH g :NH l » 1 : 2 : 4 : 6] 
has been prepared by Bidler (he.). It melts 
at 36°. 

^-cumidine [CH 3 :CH 3 :CH 3 :NH 3 »=1 :2 :4:3] is 
obtained by digesting o - 3 - xylidine hydro - 
chloride [NH 2 :0H 3 :CH 3 == 1:2:3 J with methyl al- 
cohol m an autoclave at 300° (Nolting and 
Forel; cf. Mayer, Ber. 20, 972). It boils at 
240° (Nolting and Forel), 236° and does not 
solidify at — 15° (Mayer). Its acetyl derivative 
melts at 186°. 

Mesidine [OH 3 :CH3:CH 3 :NH 2 =l:3:5:2] is ob- 
tained by treating mesitylene with nitric acid 
(sp.gr. 1 *38) and reducing the nitro- derivative 
with tm and hydrochloric acid (Fittig and Storer, 
Annalen, 147, 3). It can also be prepared by 
digesting a-mctaxylidine [NH 2 :CH s :CH 3 = 1:2:4 j 
(Hofmann, Ber. 5, 715 ; 8, 61) or j3-metaxylidine 
[NH 2 :CH 8 :CH 3 = 1:2:0 J hydrochloride (Nolting 
and Forel) with methyl alcohol at 300°. 

Properties. — Mcsitunc is a colourless liquid, 
which boils at 229°, and has a sp.gr. 0‘9663. 
The acetyl derivative melts at 216° and crystal- 
lises in prisms. 

Isocumidine |CH 3 :CH 3 :CH s :NH 8 = 1 : 2 : 3 : 6], 
prepared by digesting the hydrochloride of 
7 -mctaxylidino 

[NH 3 :0H 3 :CH 3 =1 :3:5] 

with methyl alcohol, at 300° (Nolting and 
Forel ; Limpach, Ber. 1888, 644), melts at 67°- 
68°, boils at 245°, and yields an acetyl deriva- 
tive melting at 163°- 164°. 

Para aminopropylbenzene, formed by heating 
aniline, propyl alcohol, and zinc chloride at 28(r 
for 8 hours (Louis, Ber. 16, 105 ; Francksen, ibid. 
17, 1221), boils at 224°-226°. The acetyl 
denvative melts at 87°. 

Orthoaminow;propylbenzene, - o - cumidine, 

formed by heating aminocunnc acid with baryta 
(Filetti, Gazz. chim. ital. 13, 379; cf. Constam 
and Goldschmidt, Ber. 1888, 1158), boils at 
213 , 5°-214 , 5° at 732 mm. The acetyl derivative 
melts at 72°. 

Para aminowopropylbenzene, cumidine, formed 

by heating isopropyl alcohof, aniline, and zinc 
chloride at 260°-280° (Louis, Ber. 16, 111 ; cf. 
Nicholson, Annalen, 65, 58), boils at 216°-218°. 
The acetyl derivative melts at 102°-102‘5°. By 1 
oxidation with sodium chlorate and potassium 
ferrocyanide in hydrochloric acid solution, 
cumidine yields a dyestuff of the aniline black 
series (Kirptischnikow, Chem. Zentr. 1906, i. 
829). By treatment with cyanogen chloride in 
pyridine solution, condensation is effected and 
a dyestuff is produced (Konig, D. R. P. 155782 ; 
Chem. Zentr. 1904, ii. 1557). 1 

Ethylorthotoluldine, prepared by treating 
orthotoluidme m ethyl alcohol with zinc ohlpride 
at 270° (Benz, Ber. 15, 1650), boils at 229°-230°. 
The acetyl derivative melts at lOSMOS’fi 0 , and 
boils at 313°-315°. 

CUMIDINE RED v. Azo- colouring mat. 

TEES. 

CUMIN, OIL OF, v. Oils, EssmmAL. 

CUPFERRON v. Hydboxylahute, 

CUPRATION. Copper albuminate, 
CUPREINE v . Cinchona Alkaloids, 
CUPRENE (C f H,)*. A yellow mbrtmt* 
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obtained by passing acetylene over reduced 
oopper heated above 180°, and treating the brown 
•olid so formed repeatedly with acetylene until 
no further change occurs. 

CUPRIADEPTOL. Copper wt-phenol eul- 
phonate. 

CUPRISIN. Trade name for a preparation 
Of cupric cyanide and potassium cyanide, used 
for the treatment of trachoma. 

CUPRITE. Nativo cuprous oxide, Ou t O, 
trystallising in the cubic system. Brilliant, 
transparent crystals of a ruby-red colour (hence 
the name ruby-coppor-orc) are not uncommon ; 
sp.gr. 6'0. In the variety called cfuikotrickite, 
the crystals are capillary m form, being enor- 
mously elongated in the direction of one of the 
cubic edges, and aro loosely matted together in 
plush-like masses Another variety, known as 
tile-ore (Gor. Ziegelerz), is earthy or compact 
and of a brick-rod or brownish colour ; it con- 
sists of an intimate mixture of cuprite and 
limonite, and lias resulted from the alteration of 
oopper-pyrites Cuprito is sometimes of im- 
portance as an ore m the upper oxidised portions 
of copper veins. L. J. S. „ 

CUPROCITROL. Trade name for copper 
citrate. , 

CUPROL. A compound of nucleinic acid 
and copper. 

CUPRONICKEL v. Nickel. 

CUPROSILICON, Cuprous silicide (v. COPPER) 

CURARA. Curare , Urari, Wtwan, Wooralt, 
Woorara. Curara is the arrow poison of those 
tribes of South American Indians which inhabit 
the districts lying between the Amazon and the 
Orinoco. It was first brought to Europe by Sir 
Walter Raloigh, in 1595, and from that time to 
this its origin and preparation have been much 
discussed by travellers and botanists. A sum- 
mary of the earlier observations of La Oon- 
damine, A. v. Humboldt and Bonpland, Water- 
ton, Schomburgk, Castelnau, Weddell, Thinon, 
Jobert, Cr6vaux, and others is given by Planchon 
(Pharm. J. [3J 11, 459, 491, 529, 589, 593, and 
754). It is shown that curara is an aqueous 
extract of a mixture of many plants, one of 
which is always a species of Strychvos, and gives 
to it the chief toxic power, whilst the remainder 
contribute those other qualities which render 
the extract suitable for the tipping of arrow 
heads. The method of preparation adopted by 
one tribe of Indians is described by Schomburgk 
(ibid. [3] 10, 546). The product differs some- 
what with the locality in which it is prepared. 
Planchon distinguishes four varieties : the 
ouraPa of the Orinoco, of the Upper Amazon, 
of French Guiana, and of British Guiana. The 
ohief active ingredient in the preparation of the 
first is a Strychvos plant, closely allied to 
Sohomburgk’s 8. toxifpra (J. Pharm. Chim. [6] 
ff, 20), of the second, 8. Caslelncei (Weddell), of 
the third, 8. Crevauxiana (Baill.), and of the 
fourth, 8. toxifera (Schomb.). 

As seen in Europe, curara is a brown to black, « 
nearly solid, or even brittle, extract. It has a 
bitter taste, and in its poisonous action it is 
related/ though opposed, to strychnine. In 
medicine, it has been occasionally employed in 
the treatment of tetanus and hydrophobia, but 
it it not included in any pharmacopoeia. Great 
hare is necessary in its administration, and the 
•otafckm should first be tested on animals, 


For the earlier chemical investigations of 
curara, see Fliickiger (Arch. Pharm. 1890, 226, 
78). Our present knowledge is mainly due to 
Boehm (Chem. Zentr. 1895, ii. 1084 ; 1897, ii. 
1078; Arch. Pharm. 1898, 235, 600), who 
showed that the alkaloids of curara can be 
divided into two classes : (1) compounds similar 
to curine, partly crystalline and partly amor- 
phous, soluble m water with difficulty and pre- 
cipitated from solution by ammoaia, in which 
the characteristic toxic effect of curara is shown 
very slightly or not at all ; (2) amorphous yellow- 
ish-red substances easily soluble in water as 
curarino, nob precipitated by ammonia, and 
showing the most marked toxic action. Of 
most specimens of curara, about 70-90 p.c. is 
soluble in tepid water; sometimes, however, 
scarcely more than half is soluble. Para curara, 
which is imported in bamboo tubes and is the 
variety now usually met with in commerce, 
contains about 11-14 p.c. water, 12 p.c. ash, 
12-15 p.c. curine C 18 H 19 0 3 N, which is isolated" 
by extracting the raw material with water, 
precipitating by aqueouB ammonia and ex- 
tracting with alcohol. It melts at 212°, and is 
obtained in crystals from benzene or alcohol 
with one molecule of the solvent or froifi methyl 
alcohol without alcohol of crystallisation. Tuba- 
cararinc ( mracuranne ) C 19 H 21 0 4 N was obtained 
as a reddish-yellow substance which forms about 
9-11 p.c. of raw curara. It is not identical 
with the previously known curarine, isolated 
from calabash curara. The latter kind, which 
was sent over from the Orinoco vid Venezuela 
in small gourds, used to be the common variety, 
but is now seldom mot with ; it is much superior 
to tube curare, and seems to be derived from 
Htrychnos toxifera. Earlier investigations, as 
a rule, refer to thiB. The active principle, 
curarine C 19 H 2fl ON 2 (?), consists of hard glisten- 
ing gamot-red laminae, decomposing and giving 
off a smell of trimethylamine when heated to 
150°. A minute quantity of a second alkaloid 
was found to be present. 

A third variety of curara, from the Upper 
Amazon, occurs in the market in small jars of 
unburnt clay. This differs widely in respect to 
active principles from the other varieties. The 
following substances have been extracted from 
it : protoevrive C 20 H 23 O 3 N, colourless needles, 
which turn brown at 160° and melt, with de- 
composition, at 300° ; prolocuridine c 19 h 21 0,n, 
colourless prismatic crystals, m.p. 274°-276°; 
and ptotocuranne C 19 H 2 <jO„N (?), an amorphous 
red powder, more poisonous than the other 
curarines. 

The inert, or slightly active, curines appear 
to be tertiary bases, the curarines are quaternary 
ammonium bases, and in this connection it Is 
noteworthy that, according to Crum Brown 
and Fraser (Proc. Roy. Soo. Edinburgh, 1869, 
500), nearly all ammonium bases paralyse motor 
nerve ^ndings and have a curare-like effect. In 
the case of curine and tubo-curarine, at least, 
there seems to be a close chemical relationship ; 
both appear to be derivatives of methoxylated 
quinoline. Curine methiodide produces the 
typical curare effect and resembles tubo- 
curarine. The oolour reactions of curarine 
indicate a relationship to strychnine. Puipe 
curarine is extremely active; 
injected will paralyse a frog; given by t£r 
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mouth it is inactive. It paralyses the motor 
nerve endings, but, even in large doses, leaves 
other tissues unaffected. Hence it is much 
employed in physiological research (cf. e.g. 
Edmunds and Roth, Amer. J. Physiol. 1908, 23, 
28, 46). Q. B. 

CURCAS OIL, purging nut oil, physic nut 
oil (Oleum infernal), is obtained from the seeds 
of Jatropha curcas (Linn.), ( purging nut ’), by 
hot expression. The seods consist of 66 p.c. of 
kernels and 34 p.c. of husks. From the fonnor 
there is obtained by extraction with ether 
62 p.c. of oil of a pale colour, becoming yellow, 
with a reddish tint, on exposure to the air. 
Characteristic of the oil is its unpleasant odour, 
which assists in distinguishing curcas oil from 
other oils. Most prominent are the strong 
purgative properties of the oil, which are much 
more pronounced than those of castor od. It 
may do distinguished from castor oil by its 
sparing solubility in alcohol, and ready solubility 
*fn petroleum spirit. The oil belongs to the semi- 
drying oils ; its liquid fatty acids consist of 
about equal proportions of oleic and linolic 
acids, as ascertained by the relative quantities 
of their oxidation products (viz. dmydroxy- 
stearic and tetrahydroxysteanc acids). T his 
oil is stated by Bouis to contain isocetic acid, 
but the existence of this acid is doubtful. 

The recordod values show considerable 
variations, but genuine expressed oil has sp gr. 
0 ‘9204-0 ‘9205 at 15‘5° ; saponification value, 
192-193; iodine value, 98-100; and acetyl 
value, 7 ‘6-10. 

In addition to its use as a modieine, curcas 
oil iB also used in the manufacture of soap, and 
to a limited extent for burning. 

Nearly related to the above-described oil 
are the oils obtained from the seeds of Jatropha 
oligandra (Mull.) and./. muUifida (Linn.). 

J. L. 

CURCUMEINE v. Azo- colouring matters. 

CURCUMIN v. Turmeric. 

CURCUMINES v. Azo- colouring matters. 

CURCUPHENINE v. Azo -COLOURING MAI TEES 

CUR1NE V. Curara. 

CUSGOHYGRINE v. Cocaine and Tins Coca 

ALKALOIDS. 

CUSPARIA BARK. Angostura baik; Ca- 
rony bark. ( Ecorce d'Angusturc, Ft. ; Angos- 
tura- Rinde, Ger.) The bark of the Cusparia 
febrifuga (Hiemb.) or Galipea cusparia (St. 
Hilaire), a tree inhabiting the mountain dis- 
tricts drained by the Orinoco (cf. Bentl. a. Trim. 
43). Confusion has sometimes occurred between 
cusparia and nux vomica bark. The two barks 
may, however, be readily distinguished by treat- 
ment with a drop of nitric acid, which either 
deepens the colour of the cusparia or gives it a 
bluish shade, while nux vomica, similarly 
treated, exhibits a blood-red colour. Several 
other barks hafve, from time to time, been sub- 
stituted for true angostura. (For these, £nd the 
mode of detecting them, v. Pereira (Mat. Med. 
3rd,ed. 2, 1916); Maisch (Amer. J. Pharm. 
1874, 60); Cazeneuve (R6p. de Pharm. 1874, 
261) ; Oberlin and Schlagaenhauffen (Pharm. 
Zeit. 1878, 863).) For the bark of Esenbeckia 
febrifuga, which enters commerce under the 
name of angostura bark, see Hartwich and 
Gamper (Aroh. Pharm. 238, 668). Cusparia 


bark contains about four alkaloids, a little 
ethereal oil, a bitter principle, and a gluooside. 
Of total alkaloids there is 1*8 p.c. free and 0*6 p.c. 
in a combined state. By far the most abundant 
alkaloids are cusparine and galipine, discovered 
by Komer and Bohringer (Gazz. ohirn. ital. 
1883, 13, 363). They are removed from the 
ethereal percolate of the bark by shaking with 
20 p.c. acetic acid, wliich leaves small quantities 
of other bases behind. The separation of cuspa- 
rino from galipino is effected by fractional 
crystallisation of the free bases, from Iigroin, 
hut principally by conversion into the oxalates ; 
cuNparino oxalate is very little soluble in water, 
while galipine oxalate remains in solution 
(Tioger and Krosoberg, Arch. Pharm. 1912, 260, 
494). 

Galipine C 20 H 21 () 3 N forms colourless needles, 
m.p. 116°; when pure the salts are colourless. 
Oxidation with permanganate yields voratric 
and raethoxy quinoline car boxy he acids, whenco 
Troger and Kroseberg have suggested the 
following constitution : 



Cusparmo has, according to Troger and 
Beck (Arch. Pharm. 1913, 251, 246), the com- 
position C l9 H 17 0 3 N, and not 
previously supposed. It is probably trimor- 
phous, and may melt at 90°~91°, or at 110°-122°. 
Its salts, and particularly the oxalate, are 
sparingly soluble, and hence it is the easiest of 
tho angostura alkaloids to isolate. Sulphurio 
acid gives a dull-red, rapidly changing to cherry- 
red, Frohde’s reagent a deep- blue, colouration. 
On melting its salts with organic acids, it 
changes to pyrocusparine C 18 H 16 0 3 N, m.p. 
255°, which base gives well-crystallised salts. 
Like galipine, cuspanno seems to bo a quinoline 
derivative (Troger and Beck). It is a tertiary 
base, and contains one methoxyl group. As 
protocatechuic acid is obtained by potash 
fusion, it is conceivable that it contains a 
methylenedioxy group instead of the two 
methoxy groups of galipine, which would be in 
accordance with tho empirical formula. Cus- 
pareme C lg H 1B 0 2 N, according to Troger and 
Runne (Arch. Pharm. 1911, 249, 174), is ex- 
tracted by light petroleum from the amorphous 
bases left after crystallisation of cusparine and 
galipine. It melts at 66°, distils almost without 
decomposition, contains two methoxy groups, 
and yields quinoline on zinc-dust distillation. 
Troger and Runne also describe galipoidine 
C 1# H 16 0 4 N, m.p. 233°, and Troger and Beck 
(Z.c.) yet another alkaloid C lfl H 13 0 2 M (?), m.p. 
186°. Gusparidine and galipidine of Beckurts 
and Nehrmg are, according to Troger and 
Kroseberg, merely mixtures of cusparine and 
.galipino. Other papers on angostura alkaloids 
are by Troger and Muller (Arch. Pharm. 1910, 
248, 1 ; 1914, 252, 469), by Beokurte and 

Nehring (Arch. Pharm. 1891, 229, 591), ‘and by 
Beckurts and Frerichs (Arch, Pharm. 1906, 
243, 470). 

The essential oil (from Cusparia trifoliate, 
Engl.) is described in Sohimmel and Co/s Semi- 
Annual Report, April, 1913. The yield was 
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1-03 p.c, of the bark ; D 1 ® 0-0285 ; a*°-7*32° ; 

1*50744 ; odour, pale brown ; aoid number, 
1*8 ; eater number, 5*5; acetyl number, 35*7 ; 
the oil is not completely soluble oven in 9 volumes 
of 90 p.c. alcohol. 

Angosturin C 9 H 13 0 B , m.p. 58°, is a crystal- 
line bitter principle, readily soluble in water 
and in alcohol, but not in ether (Beckurts and 
Nehring). 

AngOBtura bark is a constituent of ‘ Ango- 
stura bitters,’ and is used in medieino os a tonic 
in derangements of the alimentary canal, but 
it is not included in the B.P. nor in the U.S.P. 

G. B. 

CUSSO, KOUSSO, v. Kosin, art. Resins. 

GUSYLOL. Trado namo for soluble copper 
citrate. 

CUTCH. Considerable quantities of cuteh 
are now prepared m Burma. It is obtained 
from the Ar.acia Catechu, the trees being felled 
while green, the bark taken off, and the timber 
chopped up and boilod in largo cauldrons. 
The resultant liquid is drained off, and solidities 
as it cools. In the better qualities of cutch 
only the heart-wood of the tree is utilised. Cutch 
is brought to the market m several forms, the 
three principal ones being : ( 1 ) tablets — small 
rectangular blocks weighing from 1 to 2 lbs. ; 
(2) blocks — more or less square blocks weighing 
from 28 to 56 lbs. ; (3) baskets — a soft cutch 
of a thick consistency. Tablet cutch is the best 
quality, and basket cutch the lowest. Block 
and basket cutch usually contain more impurities 
than tablot cutch. On arrival in Rangoon the 
cutch is packed in wooden cases (usually con- 
taining l cwt. net), and is then ready for export. 

Cutch trees are found throughout, the whole 
of Burma, but tho principal producing districts 
are Prome, Thayetmo, Myingyan, Minbu, Pegu, 
Yamothin, and Pyinmana. 

Cutch is used largely as a dye, and for 
tanning, and as a preservative, especially for 
reserving fishing nets and sails. See also 
ATBCHU. 

CYANACETIC ACID v. Malonio acid. 

CYANELLAGIC ACID. Cyanellagic acid 
C u H.O 10 is prepared by heating ellagic or 
flavellagic acid with 100 p.c. sulphuric acid at 
I85°-230° (Porkin, ('hem. Soe. Proc. 22, 114), 
or with arsenic and sulphuric acids at 130°. It 
crystallises from pyridine in small yellow pris- 
matic needles, and is soluble in strong alkaline 
solutions with a green-yellow tint, changing to 
deep blue on ddution. The hexa-aoetyl deriva- 
tive C 14 Oio(G 2 H 3 O a ), forms colourless needles, 
melts at 330°-332°, and tho hexabenzoyl com- 
pound, colourless needles, m.p. 343°-345°. Cyan- 
ellagic acid is most probably dihydroxyelfagic 
acid, and in this case possesses the following 
constitution : — 

O-CO/ 

OH/\ (jOH 

oh! ICO— ol JOH 

OH OH 

It dyes mordanted fabrics more readily than 
ellagio acid. A. G. P. 

CYANIDES. Compounds of the radioal 
cyanogen CN. The history of tho cyanid 


industry begins with the discovery of Prussian 
blue by Dieebach in 1704 (H. Kopp, Gesohlohte 
der Chemie, 4, 369). While attempting to' 
make Florentine lake by precipitating a mixture 
of cochineal infusion, alum, and ferrous sul- 
phate with an alkali, he obtained a blue colour. 
The alkali used was potash, over which Dippel 
had distilled his animal oil, and Dippel recog- 
nised in this tho source of the blue colouring 
matter. The new bluo very quickly came into 
use in place of ultramarine, and in 1710 it 
was sold at one- tenth the price of the latter. 
The method of manufacture was a secret until 
1724, when Woodward showed that the blue 
could bo prepared by calcining blood with 
potassium carbonate and then treating the 
aqueous extract 1 with ferrous sulphate and alum, 
the greenish precipitate so obtained yielding 
Prussian blue when treated with hydrochloric acid. 

This, in its essential features, was the 
method of manufacture which supplied the 
world’s requirements of cyanogen compound 
for nearly 1 50 years. 

Macquer, in 1752, showed that alum is not 
required, and that Prussian blue, when boiled 
with an alkali, yields forric hydroxide and a 
solublo salt from which tho blue can be re- 
generated. This salt, potassium ferrocyanide, 
was first obtained in tno crystalline form by 
Sage in 1772. 

The brilliant researches of Scheele, 1782-3 
(Chemical Essays, London, 1786), Berthollet, 
1790 (Ann. Chirn. Phys. 1790, 1, 30), and of 
Gay Lussac, 1815 (ibid. 1815, 95, 156), in tho 
course of which the relationships of the ferro- 
cyamdcs, hydrocyanic acid, cyanogen, and 
many of their derivatives were discovered, laid 
a firm scientific foundation for the industry. 

Prussian bluo was manufactured in Great 
Britain in 1770 by Bramwell & Co. of Newcastle ; 
it sold then at 2 guinoas per lb. ; the price had 
fallen m 1815 to 10*. Orf., in 1820 to 2*. 6d., and 
in 1850 to 1*. 9 d. Crystallised potassium ferro- 
cyanide was first known in commerce about 
1825, the price being 5s. per lb., although a 
solution had been sold previously (Granam, 
Reports of Juries, Exhib. of 1851, 1, 95). 

The conversion of potassium ferrocyanide 
into potassium cyanide by fusion with potassium 
carbonate, was first described by F. wid E. 
Rodgers in 1834 (Phil. Mag. 1834 [3] 4, 9i), but 
the simple cyanides were not used in any con- 
siderable quantity until tho process of electro- 
plating with gold and silver, from a cyanide 
solution, was discovered by J. R. and H. Elking- 
ton in 1840 (En^. Pat. 8447, of 1840). 

An interesting application of potassium 
ferricyanide was discovered by Sir J, Herschel 
in 1842 (Phil. Trans. 1842). Paper, treated 
with a solution containing ferric ammonium 
citrate and potassium ferricyanide, becomes blue 
when exposed to light, owing to the reduction of 
the ferric salt and consequent formation of 
Prussian blue. Paper sensitised in this way is 
used for the reproduction of engineering 
drawings. 

A very remarkable attempt was made by 
Possoz and Boissifcro in the year 1843, to manu- 
facture cyanides from atmospheric nitrogen ; 

1 Lixivium sanguinis or blood-lye, whence the 
German name of potassium ferrocyanide, ' WufJaujwi- 
«a h.' 
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this is described under the heeding Potassium 

CYANIDE. 

The year 1860 witnessed three important 
developments in the cyanide industry. Gautier* 
Bouchard (A. W. Hofmann, Reports by the 
Juries, Inter. Exhib. of 1862, 69-63) began to 
produce prussiate from the spent oxide of the 
Paris gas works. A. G&is (Eng. Pat. 1816. of 
1860) synthesised it from carbon disulphide 
and ammonia; and Marguentte and de Sour- 
deval (Eng. Pat. 1171, of 1860) attacked the 
roblem of the fixation of atmospheric nitrogen 
y means of barium oxide and carbon. 

The existence of cyanogen compounds in 
coal gas was known in 1843, and possijdy still 
earlier. E. Jocquemyns (Annalen, 1843, 46, 
236), whose attention was drawn to them by 
H. Rose, sayB that he found none in gas lime, but 
obtained 0’75 gram of Prussian blue per litre 
from ammonia liquor. The purification of coal 
gas by means of iron oxide was introduced in 
1847. Owing to the repeated use of the same 
Quantity of oxide, the cyanogen compounds 
accumulate in it in a relatively concentrated 
form, and it was therefore naturally the first 

? ;aa works product to be used in their manu- 
acture. Prussian blue, mado from spent oxide, 
was exhibited by Gauthier- Bouchard at the 
London Exhibition of 1862. 

Both the process of 06hs and that of Mar- 
gueritte and ao Sourdeval were soon abandoned 
by their inventors ; the recovery of cyanides 
from spent oxide, on the other hand, developed 
fairly rapidly, and, according to Du pro (Joum. 
fur Gasbeleuchtung, 1884, 885), there were, in 
1884, 10 works making prussiate by this 
means. 

The competition of the gas works ferrocy- 
anide, the increasing cost of nitrogenous organic 
matters (which wore being more and more used 
as fertilisers), and the diminished use of Prussian 
blue due to the competition of blue colouring 
matters derived from coal tar, led to the dis- 
appearance of the old process in Europe about 
this time. f 

In the United States of America, it appears 
to have held its own somewhat longer ; the 
returns of the U.S. Census for 1900 (Bulletin 
No. 210, 31, 1902) show 18 works engaged in 
the ’manufacture of cyanides with a joint 
annual production of 2752 tons of yellow 
russiate, almost entirely made from hoofs, 
orns, and scrap leather, only 1200 tons of spent 
oxide having been used. 

, Between 1875 and 1885, the sulphocyaliides, 
especially the tin and aluminium salts, appear to 
have been used in calico printing instead of the 
aoetates (Bertelsmann, Dio Technologic der 
Cyanverbindungen, 303), and Galls’ synthesis 
wai taken up and improved by Gunzburg and 
Tchemiac (Eng. Pat. 1148, of 1878; 1369, of 
1879; 1261, of 1881), but without financial 
success. 

In 1887, J. 8. MacArthur, R. W. and W. 
Forrest (Eng. Pat. 14174, Oct. 19, 1887 ; 10223, 
of 1888) patented their process for the extraction 
of gold and silver from their ores by means of a 
dilute «olution of a cyanide. The process was 
earned out by allowing a solution containing 
0*25 p.o, or lees of potassium oyanide to perco- 
late through the ore, which was usually ground 
to pass a sieve with 40 or 60 holes to the linear 


inch, The gold is dissolved ha the fora of 
potassium aurocyanide, and is recovered from 
the solution by passing it through a mass of nno 
shavings. The process was first put into 
practice a£ Karangahake, NewJZealand, in 1889, 
and near Johannesburg, Transvaal, in 1890. 
The success of these installations led to a very 
rapid adoption of the process in all the gold* 
producing oountnes of the world. 

Prior to the introduction of this process, the 
cyanide industry was quite a small one. The 
world’s consumption of potassium cyanide 
(produced exclusively from ferroeyanide by the 
Rodgers process) (F. Roessler, V. lntemationaler 
Kongress fur Angcwandte Chemie, Berlin, 1903, 
1, 638) did not exceed 50-70 tons per annum 
(G. Beilby, J. Soc. Chem. Jnd. 1898, 134) and 
that of yellow prussiate was probably under 
rather than over 5000 tons (worth together about 
325,000/.). 

Ten years later, just before the Transvaal 
War, the European production of potassium 
cyanide was estimated by Beilby (V. Inter. 
Kongress Angew. Chem. Berlin, 1903, 1, 630) as 
5500 tons, adding the American production of 
about 1000 tons (U.S. Census Bulletin, No. 210, 
31, 1902), we arrive at a total production of 
6600 tons. 

The increased quantities of potassium 
cyanide roquired by the gold-mines were at first 
supplied by fusing potassium ferroeyanide with 
otassium carbonate, and very soon afterwards 
y E. Erlenmeycr’s process (Bor. 1876, 1840), 
in which dry prussiate and metallic sodium are 
used : K 4 Fe(CN)„-f-2Na=2NaCN+4KCN+Fe. 
Synthetic processes producing cyanide direct 
without the intervention of prussiate, were also 
proposed m great numbers. The approximate 
numbers of patents connected with cyanide 
manufacture applied for were : 1889-1898, 

104 ; 1899-1908, 129; 1009-1917, 106. The 
principal processes which have been worked 
with some measure of success, are : — 

Began pro- 

Process. Whore worked. ductlon In 

Siepermann. Stassfurt, Germany. 1892 

Beilby. Glasgow, Scotland 1892 

British Cyanides Oldbury, England. 1896 

Co. 

Raschen. Runcorn, England. 1898 

Readman. Leven, Scotland. 1899 

Castner. Germany, Scotland, 1899-1900 

U.S.A. 

Bueb Dessau, Germany. 1902 

(‘ Sohlerape ’), 

These, and others, are described fully below. 

The recovery of cyanides from the products 
of distillation of coal was also improved by the 
introduction of special cyanide scrubbers during 
the decade 1890-1900; whereas the iron oxide 
purifiers had yielded but little more thanone-half 
of the cyanogen in a useful form, the newer 
processes give an almost quantitative recovery. 
r About the year 1900 the fruit trees of Cali- 
fornia and the Southern States of America urere 
threatened with extermination by a parasitic 
scale. The investigations of the Experiment 
Stations of the U.S. Department of Agriculture 
showed that this could be killed without ihjujy 
to the trees by fumigation with hydrocyanic 
acid. The method, which was introduced 





•bout 1908, Is now very widely need, both in the 
United States of America and in other countries. 
It has also been extended in other directions, 
such as killing insects in hot-houses, and freeing 
railway carriages and houses from vermin (in 
South Africa). Details will bo found under the 
heading Hydrocyanic acid. Statistics collected 
by George P. Gray show that the consumption 
of sodium cyanide for fumigating citrus trees 
during 1916 in the State of California alone 
exoeeaed 1300 tons (J. Ind. Eng. Chem. 10, 
301, 1918). 

Another application which may be mentioned 
is in case-hardening iron ; immersion in fused 
cyanide produces a very hard skin on mild 
steel, and both cyanides and ferrocyanides 
have long been used for this purpose in ordinary 
workshop practice. According to J. E. Bucher 
(J. Ind. Eng. Chem. 9, 236, 1917), the reversible 
reaction 2N aGN v=*2N a -f- 2C + N j takes place 
in presence of iron ; if pure iron is heated with 
sodium cyanide the latter is decomposed and 
the carbon combines with the iron ; if, on the 
other hand, carbonised iron is heated with 
sodium and nitrogen, the carbon is removed 
from it, and cyanide formed. 

Potassium cyanide, • as used in electro- 
plating, was a material having the appearance 
of unglazed porcelain, and containing from 30 
to 70 p.c. of KCN, together with large quanti- 
ties of carbonate and cyanate. The material 
supplied to the gold-mines in the early days of 
the gold-extracting process was a black mass 
oontainmg some 75 p.c. of KCN, and all the iron 
ajjd carbon liberated by the decomposition of 
the ferrdeyanido. This was replaced by the 
pure whito crystalline product of the Erlen- 
meyer process, which contained about 2 mole- 
cules of KCN to 1 molecule of NaCN, the cyano- 
gen content being about 40 p.c.., equivalent 
to 98-100 p.c. of KCN. The earlier produce of 
the Beilby process was in the form of cakes, 
which were colourod black by a Hmall per- 
centage of charcoal. Later, by filtration of the 
molten cyanide, the charcoal was removed, 
and the product was white or pale grey, and 
free from insoluble impurities. Shortly after 
the introduction of the Castner process, in 1900, 
solid cakes of pure white crystalline sodium 
cyanide, containing 97 p.c. to 98 p.c. of NaCN 
(equivalent to 129-130 p.c. of KCN), became an 
article of commerce, and this is at present the 
form in which the greater part of the cyanide 
employed in gold-extracting is used. Sodium 
oyanide, obtained by tho evaporation of aqueouB 
solutions, as in the Readman and ‘ Schlempo ’ 
prooesses, is compressed into briquettes, which 
contain about 90 p.c. of NaCN. 

Potassium ferrocyanide has also been re- 
placed to a very largo extent by the sodium salt 
which iB quite easily prepared by the more 
recent methods of extracting the hydrocyanic 
acid from coal gas by special cyanogen 
washers. 

The rapid rate of increase in the world’s* 
consumption of cyanide which followed the 
introduction of tho gold-extracting process has 
not been maintained. Sinoe 1909 tho' annual 
value of the world’s gold output has been almost 
stationary at a little more than 90,000,000/., 
and i mp rovements in the process of extraction 
hoveeverywhere tended to diminish the quantity 


erf eysaJde needed to produo© this. On the Band, 
where this tendency seems to have almost reaohed 
a limit, the average consumption of oyanide is 
0’4 lb. KCN per ton of ore treated (H. A. White, 
J. Chem. Met. and Min. Soo. 8. Africa, 1016, 
16, 24). Increased use in the treatment of 
silver ores (muoh delayed, however, bv political 
troubles in Mexico) and in agriculture nave kept 
the world’s consumption from 1910 to 1020 
approximately constant at, in round figures, 
20,000 tons per annum. In 1912 and 1913 
Germany exported 6700 tons per annum (The 
Mineral Industry, 1917, 25, 882). The deficit 
caused by the cessation of these exports on 
the outbreak of war in 1914 has been covered 
by increased production in Great Britain; a 
temporary shortage in tho United States was 
soon overtaken by the American makers. 

Manufacture of Potassium and Sodium 
Ferrocyanides.— (1) From nitrogenous organic 
matter. 

The method of manufacture from nitro- 
genous organic matter is now only of historical’ 
interest. 

The sources of nitrogen were horn, dried 
blood, hair, waste wool, and feathers (16—17 p.c. 
N), woollen rags (10-16 p.c. N), pigs’ bristles 
(9-10 p.c. N), and old leather (4 5-7 p.c. N). 
These materials were sometimes charred before 
use, about 80 p.c. of tho nitrdgen being driven 
off in the form of ammonia, hydrocyanic acid, 
and a complicated mixture of nitriles and 
orgamc bases. 

The process was carried out at first in pear- 
shapod, cast-iron muffles, which were replaced 
later by reverberatory fumacos, the beds of 
which wore formed of cast-iron pans, 5 feet long, 

3 foot wide, 4 inches deep, and about 2 inches 
thick. A charge of 2 cwt. of potash (usually 
made up of 2 parts of the ‘ blue salt ’ recovered 
in a later stage of the process, and 1 part of fresh 
potash) was put into the pan and fused with 
18-20 lbs. of iron turnings ; 2 cwt. of the dry 
nitrogenous materials were then stirred in 
gradually (2 ‘5 to 3 cwt. of chatted material 
could bo addod without making the mass too 
pasty). The temporature was then raised in 
order to complote the roaction, and the melt 
ladled out into iron moulds. After solidifica- 
tion, it was broken up and digested for 24 hours 
with water at 50°-60°, and finally extracted 
completely with boiling water. The solution 
obtained contained potassium ferrocyanide, 
sulphocyanide, carbonate and sulphide. It 
was Evaporated to sp.gr. 1 '28, and allowed to 
crystallise. Further evaporation yielded a 
second crop of impure crystals, the mother 
liquor of which was evaporated to dryness, 
leaving a mixturo of potassium carbonate and 
sulphide, known as ‘ blue salt ’ which was re- 
turned to the fusion pan. 

The black insoluble residue left from the 
extraction of the 1 metal,’ as the product of the 
fusion, was called, contained considerable 
quantities of potassium, mainly in the form of 
potassium ferrous sulphide and of double 
potassium, calcium, and aluminium silicatee. 

The quantity of * metal ’ produced was very 
little greater than the weight of potash used, Mid 

4 oharges were put through in 24 hours, but 
practice varied considerably : C. Karmrodt 
(Wagner’s Jahreeber. 1867, 3, 130) speak* of 
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0 charges of 500 lbs. each as the normal output 
of a pan in 24 hours. ' 

The yield of ferrooyanide was seldom more 
than 20 p.o. of the quantity theoretically ob- 
tainable from the nitrogen in the materials used 
when they were not previously oharred. Using ' 
charred materials, as much as 57 p.c. of the 
remaining nitrogen was converted into ferro- 
oyanido, corresponding with a yield of about 
12 p.c. on the nitrogen originally present. 

The quantity and composition of the black 
residues varied greatly with the kind of organic 
matter used. The main constituents were carbon 
(4-9 p.c.), ferrous sulphide, iron, and in- 
organic substancos derived from the ash of the 
animal matters and adhering dirt, the principal 
being silica, lime, alumina, and phosphoric acid. 
The quantity of potassium combined with these 
substances in an insoluble form was considerable. 
According to Karmrodt (Wagner’s Jahresber. 
1857, 3, 139), 100 parts of ‘metal’ made (1) 
from horn gave 18*7 p.c. of dry residue, con- 
taining 12*2 p.c. of K 2 0 ; (2) from rags, 28*3 p.c. 
of residues, with 10*7 p.c. K,0 ; (3) from leather, 
35*1 p.c. of residue, with 10’2 p.c. K 2 0. These 
quantities represent about 4 9, and 7 p.c. 
of the potassium contained in the original 
charge, and since only somo 10 p.c. of this is 
oonvortod into ferrooyanide at oach operation 
(R. Brunquoll, Wagner’s Jahresber. 2, 102, 
1856), the loss of potash in the residues appears 
to have boon from 45 to 90 p.c. of that usefully 
employed. Potash was also carried away with 
the flue gases. The iron pans survived several 
hundrod operations. 

The theory of tho process was first given by 
Liebig (Annalen, 1841, 38, 20). Scheele (Chemi- 
cal Essays, London, 1786 ; reprinted 1901) had 
already shown that lixivium sanguinis is essen- 
tially a solution of potassium cyanido and that 
the addition of a ferrous compound is necessary 
to convert it into prussiate. Liebig confirmed 
this by extracting the ‘metal’ with alcohol, 
which dissolves out potassium cyanide, leaving 
a residue from which no ferroeyanide can bo 
obtained.’ He attributed the formation of the 
oyanide partly to the action of ammonia (formed 
by destructive distillation of tho organic mattor) 
on carbon, 0+NH 3 =HCN-|-H 2 , and partly to 
tho action of potassium on the nitrogenous 
residue of carbon. It may be remarked that 
the temperature of the fusion could not have 
exceeded 1000°, since cast iron melts about 
1100°, and the pans withstood some hundreds of 
fusions. Tho temperature, too, was lowefed by 
the addition of the organic mattor, occasionally 
sufficiently to cause the charge to solidify, so 
that the reaction betwoen ammonia and carbon, 
which requires a temperature of about 1000°, 
oould not have occurred to any great extent. 
The direct action of ammonia on potassium 
oarbonafce would, however, take place, although, 
the ammonia being evolved on the surface 
of the mass, the conditions were not favour- 
able to it. As to the second of Liebig’s 
reactions, the writer has found that potassium 
is not formed in appreciable quantity from a 
mixture of charcoal and potassium carbonate 
below about 1200°, certainly not at 1000", so 
that the greater part of the cyanide must have 
been formed by the action of potassium carbonate 
itself on the unknown carbon-nitrogen com- 


? Dunds contained in the oharred organic matter. 

hat oyanide may be formed in th« way is 
indicated by the fact that oarbazol, when heated 
to redness with caustic potash, yields consider- 
able quantities of it (G. Kraemer, Eng. Pat. 
16529, of 1894). The r61e of sulphur in the 
process was explained by Liebig thus : potassium 
sulphato, whicn is always present in the potash, 
is reduced by carbon to sulphide, carbonate, 
and polysulphide. The lattor dissolves iron, 
forming a double sulphide of iron and potassium 
which, when the product is lixiviated, dissolves 
in tho potassium cyanide solution thus : 


6KCN -f FeS — K 4 F e(CN) 8 + K 2 S 
If insufficient iron is present in tho fusion, 
the polysulplnde is not entirely decomposed, 
and potassium sulphocyanido is also formed. 
R. Hoffmann (Annalen, 1800, 113, 81) in- 
vestigated tho behaviour of the sulphur com- 
pounds m the process in some detail, and 
found that the sulphur of potassium sulphide 
is rapidly and completely romovod by iron alone 
in the fusion process, and that the same is true 
of potassium sulphato in presence of carbon. 
When organic matters are added to tho sulphur- 
free melt, however, sulphocyanido is produced 
in proportion to the quantity addod. Hoff- 
mann, therefore, attributes its formation to the 
organic sulphur. 

The behaviour of potassium sulphocyanido 
in tho fusion is not clearly understood. Hoff- 
mann found that it is completely decomposed by 
fusion with excess of potassium carbonate, 
yielding oyanato and sulphide • 1 but if the 
mixture is again heated with carbon, the sul- 
phocyanido is regenerated. It appears, there- 
fore, that, under the conditions of the process, 
sulphocyanido is not decomposed. The reac- 
tion between iron and sulphocyanido is described 
below. 

A part of tho Rulphido of iron formed is 
presont m the form of a potassium ferrous 
sulphide, FeS‘a*K 2 S, which dissolves in hot 
water to a dark-green, colloidal solution which 
is coagulated by cooling or by adding excoss of 
potassium carbonate. Another part is pro- 
bably presont in the form of the crystalline 
potassium feme Bulphide K^S Fe 2 S 8 , obtained 
by K. Preis (J. pr. (Jhem. 1869, 107, 10), by 
fusing together finely divided iron, potassium 
carbonate, and sulphur. Ho found that the 
crystallino sulphide was formed at very high 
tomperatures, and tho amorphous one, yielding 
the groen solution, at lower temperatures. 

The reaction between potassium cyanide 
and ferric sulphido 

13KCN+Fe ]e S > *2K 4 Fe(CN) e +KSCN+2K i fi 

would give a ratio of cyanogon in the form of 
sulphocyanido to cyanogen in tho form of ferro- 
cyanide of 1:12, whilst Hoffmann, in 10 experi- 
ments, found ratios’ varying from 1 : 5 to 1 : 18. 

The improvements in the process which were 
, proposed aimed at saving tho ammonia evolved 
in the early stages by distilling the organic 
matters separately and passing the ammonia 


1 I ohn confirm the accuracy of this observation. 
Equal molecules of potassium carbonate and sulpho- 
cyanide were fused together In a closed al umin iu m 
crucible at 500°-580° for 1J hours, a little more than 
half of the materials had reacted In accordance with the 
equation K SCN + K a CO, -KCNO + KjS +CO,.— T. E. 
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through a rad-hot mixture of potash and ohar- 
ooal (Brunquell, Wagner’s Jahresber. 1856, 2, 
102), or a similar mixture with iron added 
(lairmfodt, ibid. 1857, 3, 139), or oyer red-hot 
charooal forming hydrocyanic acid which was 
to be absorbed, together with the unchanged 
ammonia, in a solution of ferrous sulphate 
(Brunquell). These proposals, unfruitful at the 
time, are interesting as foreshadowing processes 
which came into successful operation nearly half 
a oentury later. 

The belief, which prevailed until about tho 
end of the nineteenth century, that cyanogen 
compounds are more easily produced from potash 
than from soda, is not entirely in accordance with 
the older experimental evidence. The truth 
appears to bo that equally good results can be 
obtained with sodium carbonate under suitable 
conditions, but tho conditions are not bo easily 
realised. 

L. Possoz (Oompt. rend. 1858, 47, 209) ob- 
tained, under manufacturing conditions, 5 parts 
of sodium prussiate, instead of 25 parts of the 
potassium salt., from 100 parts of horn. R. 
Hoffmann (Annalon, 1800, 113, 81), using a very 
high temperature and sodium carbonate, got 
the equivalent of 1 1 parts of potassium ferro- 
oyanide from 100 parts of woollen rags, against 
10 to 14 parts with potash, and 8. Tanatar 
(Dingl. poly. J. 1880, 237, 234) obtained the 
results tabulated below, as the means of 3 to 5 
experiments : — 


Blood 

charcoal K„CO- 
10 25 

Na 2 00 3 

PrusRlate 
NaCl 0aCO a obtained 


— — 215 

10 — 

25 

— — 0*2 

10 — 

5 

25 — 2 17 

10 — 

5 

25 3 2-3 


Manufacture of Potassium and Sodium 
Ferrocyanides. — (2) From tho 'products of distilla- 
tion of coal. Tho coal used in the manufacture 
of illuminating gas may bo takon to contain 
from 1 to 1*9 p.c. of nitrogen (Drehschmidt, 
Joum. fur Gasbeleuchtung, 1904, 677 ; J. 
McLeod, J. 8oc. Ohem. Ind. 1907, 26, 137). 
When the coal is distilled, a part of this nitrogen 

E asses into the gas" in the form of ammonia, 
ydrocyanic acid, and free nitrogen, a small 
part is found in the tar, and the remainder in 
the coke. The distribution of the nitrogen 
between these products varies considerably, 
being influenced by the nature of the coal, the 
amount of moisture in it, tho temperature of 
distillation, and tho kind of retort used. Tho 
following table indicates tho magnitude of the 
quantities involved when tho coal is distilled 


No. 

.Kind of coal 

| P.c. of the total N of the coal in 

Coke 

NIJa 

HCN 

Tar 

Gas 

1 

Durham . 

48-7 

14-5 

1-6 


35*2 

2 

Westphalia 

50 

12-14 

1*8 

1-5 

30-0 

3 

— 

48 

15 

2 

— 

35 

4 

Scottish . 

58 ’3 

171 

1*5 

3-9 

19*5 


1. Foster, J. Gas Lighting, 1882, 1081. 

2. Knubiauch, J. Soo. Cnem. Ind. 1896, 15, 

m. 
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3. Chief Inspector of Alkali Works, 43rd 
Report, 1900, 58. 

4. J. McLeod, J. Soo. Chem. Ind. 1907, 26, 
137 ; and Alkali Works, 44th Report, 1907, 215. 

The effect of temperature on the distribution 
of the nitrogen has been investigated by O, 
Simmersbach (J. Soo. Chem. Ind. 1915, 34, 895), 
using a Silesian coal containing 1396 p.c. of N. 
The following table contains some of his results : 




P.c of the total nitrogen 


Temp. 

asNHg 

as HCN 

| In tar 

asNj in gas 

in coke 

600 

7-81 

0-25 

1 

| 212 

1813 

71-69 

800 

21-28 

0-87 

1 3-47 

10-73 

63-65 

1000 j 

23 15 I 

1 ’23 

1 4*1 1 , 

21-63 1 

49-98 

1200 

22-84 

142 ! 

1 

4-21 

■ 45-10 

26-43 


Even tho ammonia liquor from low tempera- 
ture carbonisation retorts working at 427°-455'k« 
contains traces of cyanogen compounds (Alkali 
Works, 45th Report, 1908, 52). 

Hydrocyanic acid is converted into ammonia 
by water vapour at the temperature of distilla- 
tion used in gas works and coke ovens 
H(!N+H 2 0=NH 3 +C0 

(Carpenter and Linder, J. Soo. Chem. Ind. 
1905, 24, 63). The gas from coke ovens dis- 
tilling coal with some 12 p c. of moisture there- 
fore contains about two-thirds of the quantity 
of hydrocyanic acid found in the gas made from 
almost dry coal in gas works. 

The gas leaving the retorts contains the 
whole of its cyanogen in tho form of hydro- 
cyanic acid (Alkali Works, 43rd Rep. 1906, 
33), the fate of this depends on the process of 
purification adopted. In common practice 
about one-third of it is condensed along with 
the ammonia in the virgin liquor and ammonia 
scrubbers m English works (Alkali Works, 
43rd Rep. 1906, 61), hut less in many German 
works, where loss water is used in the scrubbers 
(Bertolsmann, Technologic der Cyanvorbin- 
dungon, 171). The greater part of this is converted 
into sulphocyanide, and escapes finally in the 
effluent from the ammonia stills. From 50 to 70 
p.c. is caught m the iron oxide purifiers, the 
remainder passing away with the gas, where it 
is a source of damage to meters and gas-holders. 

A more complete recovery is obtainable when 
one of the cyanide washers described below is 
placed before the ammonia scrubbers. Up to 
1908 attempts to recover cyanogen compounds 
from coke-oven gasos had been unsuccessful 
(Alkali Works, 44th Rep. 1907, 40). 

The total quantity of cyanogen compounds 
formed during the destructive distillation of coal ’ 
is very considerable. In 1912 the world’s pro- 
duction of ammonium sulphate was 1,144,000 < 
tons. In Great Britain over 70 p.c. of the pro-’ 
duetio* came from gas works and coke ovens 
in which roughly one molecule cf hydrocyanic 
acid accompanies ten molecules of ammonia. 
Assuming the same conditions in other countries, 
it appears probable that hydrocyanic acid 
equivalent to 80,000 tons of KCN is formed 
annually ; only a small part of this is actually 
recovered. 

Formation of HCN from Ammonia cmd Carbon, 
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— ‘The earliest synthesis of hydrocyanic aoid 
tu effected by Clouet (Ann. de Chim. 1791, 
11, 30), by passing dry ammonia over wood 
charcoal heated to Bright redness in a porcelain 
tube. This reaction nas been studied quanti- 
tatively by E. Bergmann (Joum. fur Gasbel. 
1896, 39, 117), I). Lance (Compt. rend. 1897, 
124, 819), G. A. Voerkelius (Dissertation, 
Hannover, 1909), and Carpenter and Linder 
(Alkali Works, 45th Rep. 1908, 26 ; 46th Rep. 
1909, 21). The formation of hydrocyanic 
acid begins at about 700°, and the best yields, 
calculated on the ammonia used, are obtained 
at temperatures between 1000° and 1100°. 
The reaction NH 3 -f- C ^ HCN+H 2 is reversible, 
and should lead to an equilibrium between 
’ ammonia, hydrocyanic acid, and hydrogen ; 
the equilibrium, however, cannot be realised, 
because both ammonia and hydrocyanic acid 
are unstable at the temperatures required. 
The final result depends, therefore, on the rates 
'of decomposition of ammonia and hydrocyanic 
acid and on the rate of reaction between 
ammonia and charcoal. Even at 1000°, the 
rate of decomposition of hydrocyanic acid in 
presence of charcoal is small, but in presence 
of other substances it may be large. Voorkelius, 
for example, passed a mixture of hydrocyanic 
aoid and hydrogen through an unglazed porcelain 
tube at 1000°, and found that over 70 p.o. of 
it was decomposed, bu^ aftor a layer of carbon 
had been deposited on the tube the decomposi- 
tion fell to 19 p.c. The rato of decomposition 
of the ammonia is even more variable ; for 
example, at 720°, 28 p.c. of the ammonia 
survived 6 minutes’ contact with fresh finoly 
ground wood charcoal, whilst 82 p.c. were 
unchanged when tho charcoal was in the form 
of Jumps which had been already used. The 
rate of decomposition of the ammonia is dimi- 
nished by diluting it with an indifferent gas. 

In the 66 experiments recorded by Voerke- 
lius, tho ammonia (diluted with hydrogen) was 
in contact with the charcoal for from 16 to 360 
seconds ; within these limits, the ratio between 
the numbers of molecules of ammonia and of 
hydrocyanic acid in tho product is roughly 
independent of the time of reaction, but the 
quantity of ammonia decomposed into its 
elements increases with the time of contact. 
The following table is calculated from the figures 
£iven by Voerkelius. The figures show the 
influence of the quality of the charcoal on the 
result : — • 




Mols. NH S 


Tempera- 

P.c. NH 8 

Mols. HCN 


turo 

in gas used 

in product 


720° charcoal A 

50 

6*7-13*4 mean 9*80 

„ B 

50 

29-45 

37-7 

sugar charcoal 50 

71 

71 

1020° charcoal C 

13-15 0*64-0*92 „ 

0*76 

„ D 

13-15 0*90-1*80 „ 

1*40 

„ c 

43-47 

0-50-0*90 „ 

0-61 

1120° „ D 

13*4 

0-44-0*48 •„ 

0*4Q 


Nemst’s thermodynamic theorem (Applica-. 
tions of Thermodynamics to Chemistry, London) 
1967, and Theoretisohe Chemie, 5th and 6th ed. - 
has been applied to this reaotion by v. Warten- 
berg (Zeitsch. anorg. Chem. 1907, 52, 299). 
Sinoei the reaotion NH,+C=H0N+H* absorbs 
39,500 oids. per moleoule, the equilibrium must 


lead to the formation of more hydrocyanioeold 
at higher temperatures,- the calculation indicates 
that the ratio of the partial pressures (in atmo- 
spheres) of tho gases m equilibrium should have 
tne following values : — 

Temperature 

600° 632 

800° 0-27 

1100° 0*003 

1400° 0*0002 

In the experiments tabulated above, the final 
mixture of gases usually contained nearly 95 p.c. 
of hydrogen, the partial pressure of which was 
therefore almost 1 atmosphere. The molecular 
ratio of ammonia to hydrocyanic acid is, there- 
fore, almost the same as the ratio of the partial 
pressures. A comparison of the experimental 
values with those calculated shows that equili- 
brium is never even approximately attained. 
They agree in indicating 700° as the lowest 
temperature at which appreciable quantities of 
hydrocyanic acid can be formed. 

Carpenter and Lmder's independent investi- 
gation yielded results in close agreement with 
those obtained by Voerkelius. It seems fairly 
certain that the greater part of tho hydrocyanic 
acid found in the products of destructive dis- 
tillation of coal is formed by the reaction which 
has just been discussed. The presence of small 
quantities of HCN in the products formed at 
temperatures below 600° indicates, however, 
that it may be, in part, a primary product of 
the decomposition. 

Spent oxide. The hydrated oxide of iron 
first ulbd in gas purification was made by mixing 
ferrous sulphate and slaked lime, sawdust being 
added to increase the porosity ( Laming , Eng. 
Pat. 11944, of 1847); natural iron ores were intro- 
duced by Howitz in 1870. Sulphuretted hydro- 
gen is absorbed, yielding a mixture of ferrous 
and ferric sulphides which is regenerated by 
exposure to air and moisture, free sulphur and 
ferrous and ferric hydroxide being produced. 
Ferrocyanide is formed from the ferrous 
hydroxide and ammonium cyanide, and then 
converted into Prussian blue*by interaction with 
the ferric iron. Sulphocyanides are also formed 
in very variable amount, doubtless by the inter- 
action of hydrocyanic acid and ammoniutn 
polysulphide. Since ammonia, sulphuretted 
nydrogen, and free sulphur are always .present 
in the purifiers, it is obvious that polyswphides 
of ammonium can always be formed ; it appears 
to be generally allowed, however, that sulpho* 
evanide is only produced in large amount when 
the mixture becomes warm, as, for example, 
when the regeneration proceeds rapidly in * 
large mass of material. The spent oxide finally 
contains 30 to 49 p.c. of sulphur (or more), 
soluble ammonium salts and Prussian blue, in 
addition to tar and iron oxides. Good material 
contains 11 to 12 p.c. of Prussian blue, oaloulated 
on the air- dried substance, whilst ammonium 
sulphocyanide varies from traces to 10 p.o. 

As already mentioned, prussiates were firat 
produced from spent oxide by Gautier-Bouohard 
about 1860. Ammonium salts were first re- 
moved by washing with water ; the residue was 
then mixed intimately with sufficient lime 4® 
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the Prussian blue into oaloium ferro- 
^jwnidu and the mixture submitted to systematic 
lijtiviation with cold water. This operation 
must be done in the cold, because otherwise 
calcium polvsulphide is produced from the lime 
and free sulphur, and this converts the ferro- 
cyanide into sulphocyanide. The calcium ferro- 
oyanide was converted into the potassium 
salt by means of potassium carbonate, and 
the sulphur in the extracted residue burned 
to sulphur dioxide and converted into sulphuric 
aoid (A. W. Hofmann, Reports by the Juries, 
Inter. Exhib. of 18(12, 59-63). This process 
contains the essential features of all those which 
have since been worked successfully. 

T. L. G. Bell (Eng. Pat. 257, of 1808) pro- 
posed to extract the sulphur with carbon 
aisulphide, and, after removing soluble am- 
monium salts with water, to boil the residue 
with lime. In order to obtain a puro product, 
the solution was then acidified and precipitated 
by the addition of ferric chloride, the Prussian 
blue being then converted into potassium ferro- 
cyanide. The preliminary extraction of the 
sulphur has occasionally been carried out, but 
it is difficult to separate the sulphur from the 
tar which is extracted along with it. In spite of | 
the great difficulty of filtering and washing 
Prussian blue, this method of purification 
appears to have been fairly generally used up 
to the year 1883, when Kunheim and Zimmer- 
mann (Eng. Pat. 3342, of 1883) described two 
new methods. 

In the first, the ammonia is only partially 
removed from the spent oxide by the pre- 
liminary washing, enough being left behind to 
produce the double salt Ca(NH 4 ) 2 Fe((JN) 6 . 

‘ The extraction with lime then yields aft am- 
moniacal solution of calcium ferroeyamde, 
which, when neutralised with hydrochloric acid 
and heated to 80°, deposits the very sparingly 
soluble calcium ammonium ferrocyanide, which 
is comparatively easily filtered and washed. 

By the second method, tho solution of 
oalcium ferrocyanide, obtained by following 
Gautier- Bouchard’s original procedure, is treated 
with a solution of potassium chloride which 
precipitates the double salt CaK 2 Fc(CN) 6 in 
minute crystals, which are very roadily washed 
and are then converted into potassium ferro- 
cyanide by boiling with potassium carbonate. 
"By this means one-half of tho potassium car- 
bonate is replaced by tho cheaper chloride, and 
a very pure product is obtained (Franz Bossner, 
Die Verwertnung der Ausgobrauchten Gasremi- 
gungsmassen, 1902). From tho calcium am- 
monium salt, sodium ferrocyanide is readily 
obtained. 

During the decade 1885 to 1895, the spent 
oxide of tile gas works was the principal source 
of prussiates ; its importance, however, has 
beew diminished by the introduction of the more 
efficient wet methods of recovering the hydro- 
cyanic add. 

Cyanide Washers . — The first practicable pro- 
posal of this kind was made by 0. Knublauch 
(Eng. Pat. 15164, of 1887). Coal gas was to be 
scrubbed with a solution of the oxide, hydroxide, 
carbonate, or sulphide of ammonium, or of an 
alkali or alkaline-earth metal containing the 
hydroxide or carbonate of iron, zinc, or manga- 
; #s*t ha suspension. The process did not succeed 


at the time, probably for commercial reasons. 
The very similar process of Foulis (Eng* Pat. 
9474, of 1892; Foulis and Holmes, Eng. Pat. 
15168, of 1895) has since been introduoed at 
severs! gas works with satisfactory results. 
In this process, the reagent required is prepared 
by precipitating a ferrous salt with sodium 
carbonate. The washed precipitate (a partially 
oxidised mixture of ferrous carbonate and 
hydroxide) is suspended in a solution of sodium 
carbonato and the gas passed through it in a 
rotary scrubber. Foulis wished to obtain the 
whole of the ferrocyanide m the form of a 
solution of the sodium salt, and therefore placed 
the cyanogen washer after the ammonia scrub- 
bers because, in presence of ammonia, an insol- 
uble ammonium ferrous ferrocyanide is formed 
which is only decomposed by sodium hydroxide, 
but not by the carbonate. At the Hague gas 
works, however, this order was reversed in 
ordor to catch the hydrocyanic acid which is 
otherwise condensed along with the ammonia 
(Rutton, Journ. of Gas Lighting, 1902, 80, 
879; Jorrisen and Rutten, Journ. fur Gasbe- 
louehtung, 1 903, 716). The saturated liquor from, 
the cyanide washer contains Prussian blue and 
potassium and ammonium ferrous ferrocyanides 
in suspension and potassium ferroeyamde and 
ammonia in solution (potassium carbonate is 
used instead of the sodium salt). This mixture 
is filter-pressed and tho solution distilled to 
separate the ammonia *and then evaporated 
in vacud and crystallised. The press cake is 
boiled with caustic potash and the ammonia 
collected, tho residual iron oxide returning to 
tho cyanide washer, and the solution of ferro- 
cyanido going to the evaporating plant. 

In another set of proposals, the use of an 
alkali other than the ammonia of the gas is 
I dispensed with, the crude coal gas being simply 
washed with a solution of ferrous sulphate. 
Since ammonia and sulphuretted hydrogen are 
present in much larger quantities than hydro- 
cyanic acid, the ferrous sulphate is soon con- 
verted into a suspension of ferrous sulphide in a 
solution of ammonium sulphate, and the subse- 
quent changes may be regarded as due to the 
action of a solution of ammonium cyanide on 
ferrous sulphide. If a large excess of the latter 
is present, the main product is ferrous ferro- 
cyanide Fe a [Fe(CN) 8 ] ; as the ferrous sulphide 
is used up, ammonium ferrous ferrooyanide 
(NH 4 ) 2 Fe[Fe(CN) 8 ] is formed in increasing 
quantities, and finally, when but little FeS 
remains, ammonium ferrocyanide is found in 
solution (Feld, Journ. fur Gasbeleuchtung, 1904, 
132). 

The earlier patentees of processes based on 
these reactions attempted to obtain the ferro- 
oyanide in a soluble form by using a dilute 
solution of a ferrous salt, and so having a large 
excess of ammonia present (Rowland, Eng. Pat. 
22347, of 1891 ; Lewis and Cripps, Eng. Pat. 
20883, of* 1896 ; Schroder, Eng. Pat. 19849, of 
1898 ; Teichmann, Eng. Pat. 12485, of 1899), 
but since insoluhle compounds are always formed 
to some extent, it appears to be easier to obtain 
all the ferrocyanide (or the greater part of it) 
in the insoluble form by using a saturated 
solution of ferrous sulphate, and so having a 
large exoess of iron present as first prons&ed by 
Bueb (Eng. Pat. 9076, of 1898). Bush's jzvooms 
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ha* been adopted by a considerable number of 
gas works. It is said to absorb 98 p.c. of the 
nydrooyanic acid in the gas, yielding a mud 
containing 6-7 p.c. of ammonia and cyanogen 
compounds, equivalent to 18-20 p.c. of yellow 
prussiate of potash. A small part of the 
ferrocyanide is in solution. This is precipitated 
by boiling the mixture with ferrous sulphate ; 
the precipitate is then filtered off and treated 
with lime, the calcium ferrocyanide solution 
obtained being worked up in the way already 
described when dealing with spent oxide. 

As already mentioned, part of the hydro- 
cyanic acid in coal gas is always converted into 
sulphocyanide owing to liberation of free sulphur 
by the action of atmospheric oxygen on sul- 
phuretted hydrogen. By suitable means t.ho 
whole of the hydrocyanic acid may be fixed in 
the form of sulphocyanide, which is then con- 
verted into forrocyanide by one of the processes 
described in the next section. 

In 1877 W. Marriott (Eng. Pat. 3311, of 
1877) proposed to scrub gas with a solution of 
sodium polysulphides, and in 1888 Campbell 
and Boyd (Eng. Pat. 10186, of 1888) proposed the 
use of manganese dioxide suspended in water. 
This liberates sulphur from a part of the sul- 
phuretted hydrogen in the gas, ‘and this free' 
sulphur combines with ammonium sulphide to 
form polysulphide, which converts the cyanide 
into sulphocyanide. The final step, which 
led to a successful *and economical process, 
was made by H. Wood Smith (H. Woocf Smith, 
Gidden, Salamon, and Albright, Eng. Pat. 
13668, of 1901) by simply scrubbing the gas 
through a suspension of sulphur, whereby the 
hydrocyanic acid is removed quantitatively, 
and a solution containing as much as 200 grams 
of ammonium sulphocyanido per litre may be 
obtained. This process is in use at several gas 
works, and yields practically the whole of the 
sulphocyanides made at prosont. 

Manufacture of Sodium •, and Potassium 
Ferrocyanides. — (3) From Sulphocyanide- A. 
Gtelis (Eng. Pat. 1816, of 1860) was tlio first 
to manufacture potassium ferrocyanide by 
heating dry potassium sulphocyanide with 
iron, made by reducing the oxide, at a dull-red 
heat, in a closed vessel. He statos that too high 
a temperature leads to oonsidorablo loss. The 
fusion process yields a mixture of potassium 
cyanide and ferrous sulphide which gives 
potassium ferrocyanide, when treated with 
water in the samo way as the ‘ motal ’ gf the old 
process (A. W. Hofmann, Reports by the Juries, 
Inter. Exhib. of 1862, 69-63). Sir G. Beilby 
has informed tho writer that he made consider- 
able quantities of potassium ferrocyanide by 
this process in the years 1873-1876. Potassium 
sulphocyanide was hoated with iron turnings in 
air-tight iron retorts and, after cooling suffici- 
ently, the product was extracted with water in 
the retort itself, without coming in contact with 
air. In this way the only serious difficulty of 
the prooees, which is due to tho extreme prono- 
ness to oxidation of the fusion product, is avoided 
and satisfactory yields obtained. 

The process was takon up again in 1878 by 
Giinsbttrg and Tchemiac (Eng. Pat. 1148, of 
1878 ; ■ 1359, of 1879 ; 1261, of 1881). They 
tlried the sulphooyanide by fusing it at 300®, 
and then mixed it intimately with the oxide-free 


iron by grinding them together. The mixture 
was heated in iron boxes with closely fitting 
covers at 446°, the vapour of boiling sulphur 
being used to obtain a constant temperature. 
After working for two or three years, the prooees 
was given up, but it was revived for the third 
time in 1894 by the United Alkali Co., Ltd. 
(Hetherington and Muspratt, Eng. Pat. 6830, 
of 1894), and by the British Cyanides Co., Ltd. 
(Crowther, Rossiter, Hood and Albright, Eng. 
Pat. 8306, of 1894). The patent specifications 
of Hetherington and of Crowther acid but little 
to the information given above. In both cases, 
some 20 to 30 p.c. excess of iron is used, and the 
temperature ib almost the same as that recom- 
mended by Giinzburg and Tchemiac. Crowther 
says that mere fusion is insufficient to dry the 
sulphocyanide ; a current of an indifferent gas 
must be passed through it for some time. 
Conroy (J. Soc. Chem. Ind. 1896, 16, 12) was 
able, in a small scale experiment, to convert 
76’8 p.c. of the sulphocyanido used into ferro- 
cyanide (leaving 18’z p.c. unchanged) by meanB 
of Hothorington’s method. The process has 
been worked by the British Cyanides Co. at 
Oldbury since 1894 (Brussels Exhib. 1910, 
Catalogue of British Chem. Section, 156). 

The conversion of sulphocyanides into ferro- 
cyamdos is also possible in aqueous solution. 
Sternberg (I). R. P. 32892, of 1882), found that 
by heating a solution of potassium Bulpho- 
' cyanide with double the theoretical quantities 
of iron filings and ferrous hydroxide under 
pressure at 110°-120°, about 80 p.c. of tho 
material could bo converted into ferrocyanide 
in accordance with the equation 
OKON S + 0Fo + Fe(OH) 2 - CFciS + K 4 Fc(CN) 6 + 2K OH 
G. R. Bower (Eng. Pat. 361, of 1896) suc- 
ceeded in removing tho sulphur from ferrous 
sulphocyanide by means of copper in a similar 
way: Fe(CNS)j+2Cu=2CuS+Fe(CN)j. Conroy 
(Conroy, Hurter, and Brock, Eng. Pat. 3867, of 
1896; ,1. T. Conroy, J. Soc. Chem. Ind. 1898, 
17, 98) then found that a mixture of a soluble 
sulphocyanide and a ferric or ferrous salt would 
do as well as pure ferrous sulphocyanide, and also 
j that tho sulphur is more rapidly removed by 
finely divided iron than it is by copper. Using 
very finely divided iron, the reaction takes place 
quantitatively in 5 to 6 hours at a temperature 
of 135°-140° and a pressure of 50 to 60 lbs. per 
square inch, in accordance with the empirical 
oquation Fe(CNS) 1 +2Fe=Fe(CN),+2Fe8. (So-‘ 
chum or potassium sulphocyanide is acted on 
by iron under similar conditions very slowly 
and incompletely.) The black mud produced is 
either boiled with caustic alkali to decompose 
the ferrous ferrocyanide, or the ferrous sulphide 
is first dissolved in hydrochloric acid. The 
latter course is to be preferred, owing to the fact 
that ferrous sulphide combines with the alkalis, 
each 3 or 4 equivalents of it rendering 1 equiva- 
lent of either caustic soda or potash insoluble, 
a difficulty with which the manufacturers of 
ferrocyanide from nitrogenous organio matter 
had long been familiar. 

Properties of the FerrocFanidbs, 

The principal characteristics of those salts 
which possess some technical interest ate 
desoribed here ; further information Jp to be 
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found in Cyanogen Compounds, by H. E. 
Williams, 1915, or in the text-books of inorganic 
ohemistry. 

Ammonium ferrocyanide is readily prepared 
in aqueous solution from the free acid and 
ammonia, or from barium ferrocyanide and 
ammonium sulphate. The solid salt 
(NH 4 ) 4 Fe(CN) 6> 3H 2 0 

is obtained by evaporating the solution in vacu6, 
or by precipitation with alcohol. The salt 
orystallises with difficulty in very pale yellow 
plates, which are isomorphous with potassium 
ferrocyanide (Bunsen, Fogg. Ann. 1835, 30, 404). 
The aqueous solution decomposes when boiled, 
yielding ammonium cyanide and an insoluble 
residue, which possibly consists of more or less 
oxidised ammonium ferrous ferioeyamde 

From solutions containing much ammonium 
chloride a double salt of the formula 

(NH 4 ) 4 Fe(CN) 0 -2NH 4 Cl-|-3H 2 O 
crystallises very readily m well-formed orange- 
yellow rhombohedra, which were at one time 
mistaken for the ammonium salt (Bunsen, l.c.). 

Barium ferrocyanide Ba 2 Fe(CN) 8 .()H 2 0 is 
precipitated when strong solutions of barium 
chloride and sodium ferrocyanide are mixed ; 
it separates m the form of a light yellow, crys- 
talline powder. Its solubility (grams of anhy- 
drous salt per 100 grams water) is 0 34 at 15'5°, 
and 101 at 100° (Williams). The water of 
crystallisation is not quite completely driven 
off even at 160° (Drechsel, J. pr. Chem. 1880, 
[2] 21, 77). The dried salt, when heated in 
~ var.ud, or in an atmosphere of nitrogen, begins 
to decompose at about 500°, nitrogen, carbon, 
iron, and barium cyanide and cyanamide being 
formed. When oxygen is completely excluded 
the product contains about 2 molecules of 
cyanamide to 1 of cyanide (Ewan and Napier, 
J*. Soc. Chem. Ind. 1913, 32, 407). 

Barium potassium ferrocyanide 

BaK 2 [Fe(CN) # ],3II g 0 

is precipitated as a pale yellow, crystalline 
powder when solutions of barium chloride and 
potassium ferrocyanide are mixed in equivalent 
quantities. Its solubility in water (grams 
anhydrous Balt per 100 grams water) is 2'1 at 
15-5° ; 6-08 at 100°. 

Calcium ferrocyanide Ca 2 Fo(CN)<„12H ,0 is 
extremely soluble in water ; highly concentrated 
solutions are very viscous and crystallise with 
difficulty, yielding small yellow triclinic crystals 
of sp.gr. 1'68, which effloresce when exposed to 
the air and lose 11 J molecules of water at 40°. 
H. G. Colman (Joum. of Gas Lighting, 1910, 
683) finds that the whole of the water is removed 
by heating the salt in a current of air. The dry 
salt begins to decompose (in absence of oxygen) 
at 500° yielding calcium cyanamide thus 
Ca 2 Fe(CN) 6 = 2CaCN a +Fe + N 2 +4C 
(unpublished experiments made by the writer). 
Calcium ammonium ferrocyanide 
Ca(NH 4 ) 2 Fe(CN) 6 

is a white, minutely crystalline powder, which 
beoomes coloured ou exposure to light ; it is 
anhydrous ; 100 grams of water, at 15°-17°, 
dissolve 0‘258 gram of the salt (J. Campbell 
Chem. Soc. Trans. 1907, 91, 1826) 


Calcium potassium ferrocyanide K s CaFe(CN) 6 
is a white powder consisting of small quadratic 
prisms which becomes slightly cream-coloured 
on exposure to light. It contains no water of 
crystallisation ana, at 15°-17°, 100 grams of 
water dissolve 0'41 gram of it (J. Campbell 
Brown, ibid. 1907, 91, 1826). 

According to Williams (l.c.), the solubilities 
of those salts are rather larger, viz. 0 36 at 
15°, and 0*39 at 100° for the ammonium salt ; 
and 0-72 at 15°, and 0*80 at 100°, for the potas- 
sium salt. 

Cupric ferrocyanide Cu 2 Fe(CN) 6 *llH 2 0 is a 
rod- brown, amorphous substance, obtained by 
adding a solution of calcium ferrocyanide or 
hydroferrocyame acid to excess of cupric chloride 
solution. In general, when solutions of a 
eupno salt and of a soluble ferrocyanide are 
mixed, an insoluble substance is produced, in 
which only a part of the four valencies of the 
forrooyanogon ion is saturated by copper, the 
remainder being occupied by tho metal of the 
ferrocyanide employed. A very large number 
of these substances have been described. 
Colloidal membranes formed of one or other of 
those copper ferroeyamdes have been much 
used in the study of osmosis. The precipitate 
formed from potassium ferrocyanide and a 
cupric salt K 4 Cu 4 [Fe(CN) fl ] 3 was used as a pig- 
ment under the name Hatchett’s brown. 
The black, silver deposit in an ordinary photo- 
graphic ‘ bromide ’ print may be converted into 
a red one, consisting of a copper ferrocyanide, 
by immersing the print in a solution containing 
6T> grams of copper sulphate crystals, 88 grams 
of potassium citrate, and 6 '8 grams of potassium 
forricyanide per litre (Ferguson, Photographic 
Joum. 1900, 133). 

Cuprous ferrocyanide Cu 4 Fe(CN) B \rH 2 0 is a 
white precipitate, which differs from most of 
the ferroeyamdes in evolving the whole of its 
cyanogen as hydrocyanic acid when boiled with 
dilute sulphuric acul. J. Dewranco and H. E. 
Williams (Eng. Pat. 28074, 1908) utilise this 
property in order to obtain complete decomposi- 
tion of alkali ferroeyamdes by distilling them 
with acid in presence of a small amount of 
cuprous chloride. 

Hydroferrocyanic acid H 4 Fe(CN)« is prepared 
by adding concentrated hydrochloric acid to a 
saturated solution of potassium ferrocyanide 
(both should be free from dissolved oxygen) and 
then enough ether to saturate the solution. The 
acid crystallises out in colourless scales which 
aro washed with water saturated with other 
(A. W. Williamson, Annalon, 1846, 57, 225 ; 
A. Joanms, Ann. Chim. Phys. 1882, [5] 26, 484), 
and dried over sulphuric acid. It may be puri- 
fied by dissolving in alcohol and precipitating 
with ether ; it obstinately retains ether, which 
is removed by heating at 100° in a current of 
dry hydrogen (Browning, Chem. Soc. Trans. 
1900, 1234). A solution of the acid, saturated 
at 14°, contains 150 grams per litre. The 
solution is readily oxidised by atmospheric 
oxygen, especially at higher temperatures, 
forming a blue substance which is usually 
assumed to be Prussian blue. This reaction is 
utilised in calico printing for the production of 
blue patterns. 

Ferrous ammonium ferrocyanide 

Fe(NH 4 ) 2 fFe(CN) e ] 
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ia formed when a solution containing ammonium 
ferrocyanide and excess of an ammonium salt 
is exactly precipitated by a ferrous salt, oxygen 
being excluded. It is also formed when ammo- 
nium ferrooyanide is distilled with an acid in 
absence of air. 

Ferrous eyanide Fe(CN) 2 is formed when a 
solution of hydroferrocyanio acid is boiled, 
H4Fo(CN) fl =4HCN+Fe(CN) i , or when the dry 
acid is heated at 300° in an atmosphere of 
hydrogen (Addio and Browning, Chem. Soc. 
Trans. 1900, 158 ; Browning, i bid. 1900, 1234). 

Ferrous potassium ferrocyanide (Evcritt’s 
salt) K;jFe[Fe(CN) 8 ] is formed in a similar way 
if potassium salts are present, as, for example, 
in the preparation of hydrocyanic acid by dis- 
tilling a mixture of potassium ferrocyanide and 
dilute sulphuric acid. Evcritt’s salt is a pale- 
yellow crystalline powder which is not identical 
with the white precipitate obtained by mixing 
solutions of potassium ferrocyanide and ferrous 
chloride, although this precipitate has the same 
composition. 

The iron in theso ferrous salts is displaced 
by treatment with caustic alkalis, but not by 
alkali carbonates. 

Ferric ferrocyanides. .The blue compounds 
of iron and cyanogen aro all amorphous sub- 
stances, which yield colloidal solutions in pure 
water. It is therefore extremely difficult to 
prepare them in a pure condition. Owing to 
the well-known tenaoncy of colloids to adsorb 
other subs tank's from solutions, tho precipitates 
require very prolonged washing to free them from 
adhering salts, and during tliis process their 
composition may, and very often does, change, 
owing to atmospheric oxidation or to hydrolysis. 
On the other hand, the mothod of determining 
the composition of a precipitate by mixing 
known quantities of tho reagents and estimating 
tho oxcess left in the supernatant liquid, is open, 
in this case, to tho objection that tho precipitate 
is not a pure substance because it has adsorbed 
some of the salts in the solution in contact with 
it. This method has been used by E. Muller 
and by P. Woringor. (E. Muller and T. Stanisch, 
J. pr. Chem. 1909, [ii| 79,' 81; ibid 1909, [ii| 
80, 153 ; E. Muller, G. Wegelin, F. R. Treadwell, 
and O. Diefenthaler, ibid. 1911, [ii| 84, 353; 
E. Muller, ibid. 1914, [iil 90, 119; P. Wormger, 
ibid. 1914, [ii] 87, 51.) K. A. Hofmann and his 
collaborators (K. A. Hofmann, 0. Heine, and F. 
Hochtlen, Annalen, 1904, 337, 1 ; K. A. Hof- 
mann and F. Resensheck, ibid. 1905, 340, 267 ; 
1905, 342, 364 ; Hofmann, Amoldi, and Hiendl- 
maier, ibid. 1907, 362, 54), have investigated 
more especially the composition and properties 
of the substances which remaifl after exhaustive 
purification. 

The freshly prepared blue precipitates con-* 
tain indefinite quantities of water, but tho whole 
of it cannot be removed by drying in vacu6 over 
phosphorus pentoxide until a constant weight is 
attained (which usually requires froifl 2 to p 
months). This residual water must be regarded 
as constitutional, because when .the substances 
are heated to temperatures a little above 100°, 
they lose hydrocyanic acid, but not water. The 
formula of the dry substaneos given in what 
follows refer to the very thoroughly washed 
substances after complete drying over P g 0 B in 
the way mentioned above. 


When cold neutral solutions of one molecule 
of a ferric salt and one molecule of potassium 
ferrocyanide are mixed together, a precipitate of 
ordinary soluble Prussian blue is formed. The 
dry substance has the composition 

2[KFe m (Fe II Cy 9 )]-f 3JH a O * 

The same compound is obtained by mixing equal 
molecular quantities of a ferrous salt and potas- 
sium ferricyanide. This was first proved by 
Skraun (Annalen, 186, 371, 1877). 

When a cold solution of potassium ferro- 
cyanide is added gradually to a cold neutral (or 
1 p.c. hydrochloric acid) solution containing an 
excess of a ferric or of a ferrous salt, or when 
soluble Prussian bluo is digested with a solution 
of ferric chloride, precipitates are formed, which, 
after the prolonged exposure to air involved in 
washing them completely, are identical in com- 
position and properties. The dry substance is 
normal ferric ferrocyanide 

Fo, III (Fe n t!y,) 1 +10H ! O 
usually referred to as Prussian blue. Turnbull’s 
blue, obtained by precipitating a solution of 
potassium ferricyanide with an excess or a 
ferrous salt, is, after exhaustive washing with 
exposure to air, identical with ordinary Prussian 
blue. 

Tho composition of the unwashed precipi- 
tates initially formed depends, as Muller has 
shown, on tho relative quantities of reagents 
employed. Setting out from potassium ferro- 
cyanide and ferric chloride, Prussian blue is 
precipitated when the ratio mols. K 4 Fe(Cy 8 )/mols. 
FeCl 3 is less than 0’75 ; for values between 
0*75 and 0’92 the precipitate contains increasing 
quantities of KFe 1II [Fe II Cy fl ], and when the 
ratio oxcoeds 0’92 the substance 
K 2 Fe u [Fe u Cy e ] 

is also present. Setting out from potassium 
ferricyanide and ferrous chloride a precipitate 
of the composition KFe u Fe 5 III | Fe^Cy,], is 
obtained when the ratio, molB. K 3 FeCy fl /mols. 
FoCl a is less than 0-714. Between 0'714 and 
0-75 a substance KFe n Fe 3 III [Fe II Cy # ]3 is formed, 
which Muller regards as ordinary Turnbull’s 
blue ; from 0 75 to 0’9 increasing quantities of 
KFe m [Fc n Cy e ] are present, and finally, when 
tho ratio exceeds 0’9 ordinary Prussian blue 
appears. According to Muller, Turnbull’s blue 
and Prussian blue are interconvertible 
F e 4 in [ Fe n Cy 8 ] 3 + K ’ + Fe ’ ’ 

$ KFe n Fe 3 m [Fe n Cy,],+Fe”' ( 
although a very large excess of ferrous salt is 
required to convert an appreciable amount of 
Prussian blue. 

It is obvious that the reactions involved in 
the formation of the blues are not simple double 
decompositions ; mutual oxidations and reduc- 
tions take place, and adsorption phenomena 
are superadded, so that, in general, the precipi- 
tates first produced are mixtures either of 
definite insoluble compounds, as Muller supposes, 
or if insoluble substances with soluble consti- 
tuents adsorbed from the solutions. 

The precipitates obtained from hot acid 
solutions differ more or less from those formed 
at ordinary temperatures in their properties 
and appear even when washed to be mutters* of 
different substances. 
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Both the soluble ud insoluble Prussian bine, 
•wve described, are ferric ferrocyanidee, and 
not ferrous ferricyanidee. This is proved by the 
fact that they can be made by the action of 
hydrogen peroxide on a solution containing a 
ferric salt and potassium ferricyanide in suitable 
quantities. As Schonbcin (J. pr. Chem. 18(16, 
98, 66) showed, hydrogen peroxide reduces forri- 
cyanide to ferrocyaniae, but lias no action on a 
ferrio salt, so that ferrous ferricyanide could not 
be produced by this reaction. 

Blue compounds, which are not identical 
with those described above, are also obtained 
by the oxidation of ferrous ferrocyanides. 

(a) By adding a cold neutral solution of 1 
molecule of a ferrous salt to a solution of 1 mole- 
cule of potassium fcrrocyanide, and then oxi- 
dising the white precipitate by means of atmo- 
spheric oxygen, which is greedily absorbed (or 
better by hydrogen peroxide), a blue compound 
of the composition KFe m ( Fe n Cy „) -f H „ 0 is ob- 
tained. This differs from ordinary soluble blue 
in being insoluble in oxalic acid solution. It is 



(6) By proceeding exactly as in (a), except 
that the solutions contain 1 p.c. of sulphuric acid, 
a white precipitate is obtained, Fe 1I K 1! (Fe 1I Cy e ), 
which is rather less readily oxidised to a blue of 
the same composition as before : 


Fe ni K(FenCy,)+H 1 0 

but possessing rather different properties. like 
ordinary soluble Prussian blue, it is soluble in 
water and oxalic acid, but differs from it in being 
much more stable to ammonia solution. This 
compound is referred to as ‘ stable soluble blue.’ 

(c) When a solution of potassium ferro- 
cyanide, containing about 10 p.c. of sulphurio 
acid, is heated in an atmosphere devoid of 
oxygon, one half of the hydrocyanio acid is 
evolved and a pale-yellow crystalline powder of 
Everitt’s salt K s Fe n (Fo n Cy,) remains behind. 
This salt is very much less readily oxidised than 
the precipitate obtained by mixing solutions of 
potassium fcrrocyanide and a ferrous Balt ; it is 
not completely oxidised by several weeks’ 
exposure to the air. It is readily oxidised by 
warm dilute nitric acid (A. W. Williamson, 
Ann. Chem. Pharm. 1846, 67, 226), but a homo* 
geneous product is prepared most certainly by 
suspending it in 1 p.c*. sulphuric acid and adding, 
about 10 times the theoretical quantity of 
hydrogen peroxide. The substance thus ob- 
tained is Williamson's blue (sometimes called 
violet), and it also has the composition 
KFo ra (Fo Cy 6 )+H 2 0 

Its properties are, however, totally different 
from those of the isomenc substances already 
described. 


Properties of the Blue Iron-Cyanogen Compounds. 
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Purple-red 
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For comparison, the distinguishing properties cyanides. P. Woringer, in 1914 (/.r„), however, 
of the different blues are tabulated above. The advanced certain arguments in favour of the 
isomerism of these substances may be due to ferricyanide structure. He confirmed an ob* 
differences in the li n ki n g of the atoms — of the serration, made by A. W. Williamson in 1840, 
kind, familiar in organic chemistry— or it may that when f eerie chloride acts on an exoees of 
be due to differences in the size of the molecules ; ferrocyanide the solution contains ferricyanide j 
the data available do not appear to be sufficient he also states that Prussian blue, when deoom* 
to decide these questions with any degree of posed by ammonium carbonate, yields 90 p.c. 
eertekity. of ferrioyanide. As E. Muller pointed out in 

ha accordance with the commonly aocepted 1906, it is easy to show, from Hie well-known 
view, the blues have been formulated as ferro- oxidation potentials of solutions of f er rou s 
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and ferric ions and of ferro- and fern -cyanogen 
ions that, if these four ions could coexist in 
solution the ratio of their concentrations 
[Fe]‘ ■[FeCy,'"] '[Fe][Fe”*Cy t ""] would be about I 
10 # , that is, ferrocyanide would be oxidised 
practically completely by ferric salts. 

Williamson, however, showed that the reverse 
reaotion also takes place, ferrioyanide being 
partly reduced by ferrous salts. It appears 
thus that ferri- and forro-cyanogen ions can 
coexist in approximately equal concentration, 
so that, in equilibrium, the concentration of 
ferric ion must be very small compared with 
that of ferrous ion. These concentrations are 
determined by the solubilities of the precipi- 
tates formed, about which very little appears 
to be known ; the mode of formation of a blue 
affords, therefore, no certain clue to its structure. 
The same is true of its decomposition by strong 
alkalis, since alkaline ferncyanide solution 
oxidises ferrous hydroxide very readily. Hof- 
» mami’s methods of preparation by means of 
hydrogen peroxide appear at present to bo the 
best evidence available m favour of the ferro- 
oyanide structure. 

It is of intorest that procipitation from hot 
acid solutions always tends to produce sub- 
stances (or mixtures) of a more stable type, 
approaching Williamson’s blue more or less 
closely in properties, and also that all the blue 
iron cyanogen compounds contain both ferrous 
and ferric iron. The compounds which contain 
only ferrous or only feme iron are colourless 
or (compared with the blues) feebly coloured. 
Solid pieces of ordinary Prussian blue assumo a 
coppery lustre when rubbed on a smooth, hard 
surface. The blue solution in oxalic acid was 
formerly used as an ink. Prussian blue is reduced 
by hydros ulphurous acid, H a S 2 0 4 , or its sodium 
salt to white ferrous ferrocyanide (M. Iiohn, 
Zeit. Anorg. Chem. 1900, 49, 443). Chlorine 
turns a suspension of Prussian blue in water 
green ; the solution contains ferric chloride ; the 
blue colour is restored by washing with water. 
Concentrated sulphuric acid unites with Prussian 
blue to a white paste from which the original blue 
is obtained by diluting with water. It is slowly 
decomposed by concentrated aqueous hydro- 
chloric acid, but dissolves to a colourless solution 
in alcoholio hydrochloric acid ; the solubility 
increases with the molecular weight of the 
alcohol used. Water precipitates unchanged 
Prussian blue from these solutions. By dis- 
solving impure Prussian blue in a solution of 
hydrochloric acid in propyl alcohol, filtering, 
and reprecipitating with water, it may be 
separated from all commonly occurring im- 
purities, such as barium sulphate, kaolin, 
alumina, and starch (C. Coffignier, Bull. Soc. 
chim. 1904, 391). Potassium, sodium, and 
caloium hydroxides decompose Prussian blue 
into ferrio hydroxide and a ferrocyanide ; 
alkali carbonates act more slowly. Tissues 
dyed with Prussian blue gradually lflse their 
oolour in sunlight, but regain it in the dark. 
When heated to about 170° in the air, it bums 
like tinder leaving a brown ash. 

Colloidal solutions of Prussian blue (0-2 to 
2 p.o,) may be prepared by dialysis of the oxalic 
acid solution. The colloidal blue is negatively 
^bafrged and is coagulated by cathions ; hydro- 
”*§» is especially active, otherwise the usual 


increase of activity with valency obtains (W. 
Pappadk, Gazz. ohim.|itaL 1011, 41, iL 454). 
K. A. Hofmann (Anna&n, 1905, 340, 267) also 
observed that his soluble blue carried a negative 
charge, and did not depress the freezing-point. 

Commercial blues are usually mixtures of 
the compounds already described. J. G. 
Gentele (Lehrbuch dor Farbenfabrikation, 2nd 
ed. 1880) says that the best blues are obtained 
by precipitating a ferrous salt with potassium 
ferrocyanide, and then oxidising the precipitate. 
Pans blue (the finest quality of commercial 
Prussian blue) is made as follows : 60 kilos, of 
potassium ferrocyanide are dissolved in 260 kilos 
of boiling water ; 42 6 to 46 kilos, of green vitriol 
are dissolved m about the same quantity of 
water, preferably in the presence of scrap iron to 
prevent formation of ferric salt. The clear 
solutions are then run simultaneously into 
250 kilos, of water. The almost white precipi- 
tate is allowed to settle and then drained on a 
cloth filter. The oldest method of 1 blueing ’ 
the paste was to heat it to boiling in a basin, 
transfer it to a wooden tub, and add 26*5 kilos, 
of nitnc acid (sp.gr. 1*23) and 18 kilos, of buI- 
phurio acid (1‘84 sp.gr.). Sometimes, rod fumeB 
wero evolved only after some hours, but in 
presence of excess of green vitriol, they were 
always evolved at once and this gave the best 
colour. After standing for 24 hours, the mixture 
was suspended m a large quantity of cold water 
and allowed to settle. The washing by de- 
cantation was continued until the blue was free 
from sulphuric acid. It was then collected on 
linen filters, pressed into thin cakes, and out up 
into cubes which wero dried in the air ana 
finally at 30°-40 o . The yield was 39 to 30 ‘5 
kilos, of finished blue. 

Another method was to treat the heated 
paste of ferrous ferrocyanides with ferric 
chloride, instead of with nitric acid, until the 
solution contained ferric in addition to ferrous 
salts, but according to Gentele, the cheapest and 
j best method is to acidify the paste slightly with 
I hydrochloric acid and pass chlorine gas into it 
until the solution shows a distinct 4 ferric ’ re- 
action with ferrocyanide. 

From these descriptions it is clear that 
commercial Paris blue must Contain, in addition 
to ordinary insoluble Prussian blue, one or more 
of the potassium ferric ferrocyanides. The 
presence of potassium appears to be of import- 
ance, a lees satisfactory colour being produced 
when sodium ferrocyanide is used in its pre- 
paration. H. E. Williams says that potas- 
sium may be replaced by ammonium with 
satisfactory results. A. Eibner and L. Gerstaoker 
(J. Soo. Chem. Ind. 1912, 31, 1041) state that 
the blues with a high potassium content possess 
the technically desirable greenish ‘shade, those 
poor in potassium being dull with a violet tinge. 
They have found 12 p.c. K and 6‘6 p.o. ILO in 
‘ steel-blue ’ and ‘ bronze blue ; ’ 9 p.c. K and 
10-6 p.c. H 2 0 in ‘Paris blue,’ the lowest value 
found in a commercial blue being 1 "5 p.c. K and 
24 p.c. H a O. In the commercial pigments, 
Paris blue is diluted with starch, heavy spa?, 
gypsum, zinc white, or burned and finely ground 
kaolin. The white admixture, after waving 
been ground very finely by itself, is added to 
i the Paris blue paste, and along with it passed 
through a colour mill. Very low qpatitMS bi 
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blue are faced by rotating the dry cubes in a 
cask with the fine dust J| pure Pans blue. 

Potassium ferrocyanlde (yellow prussiate of 
potash, Blutknogmsdz, Ger.) crystallises from 
aqueous solutions in large, well-formed, orahge- 
yellow tetragonal pyramids of the composition 
]K 4 Fe(CN) 4 ,3H i! 0 ; sp.gr. 1 *86. The crystals 
do not ohange when exposed to the air at ordinary 
temperatures. They begin to lose water at GO' , 
and the finely powdered salt may be completely 
dehydrated at 100°, forming a white powder 
which begins to decompose, in absence of oxygen, 
slightly below a red heat to a mixture of potas- 
sium cyanide, carbon and iron, nitrogen escaping. 
The powder takes fire at a considerably lower 
temperature when heated in contact with air. 
It is insoluble in alcohol. Tho soluble ferro- 
oyanides are completely decomposed by boiling 
with mercuric oxide 


K 4 Fe(CN) a +3Hg0+2H 4 0 

=3ffg(ON) a -fFe()+4KOH 
They are also decomposed by aurous cyanide, 
hydroxide, and even by finely-divided gold in 
the presence of oxygen 
3Au+K 4 Fe(CN) t +2H 3 0-f0, 

=3KAu(CN) 2 +Fe(OII) s +KOH 
(E. Beutel, Zoitsch. anorg. (’hem. 1912, 78, 141). 
According to Etard (Ann. Chun, Phys. 1894, 
1 7] 2, 646), the solubility, expressed in grams 
of anhydrous salt dissolved by 100 grams of 
water, is 14*6 at 0°, 24*5 at 20°, 36 at 40°, 49*6 
at 60°, 64 at 76°, 70 at 80°, 72 at 89°, 74 at 98°, 
and 88 at 157°. Tho salt is much less soluble 
in solutions of potassium salts. The specific 
gravity of the aqueous solutions is given below 
(Schiff, Annalen, 1860, 113, 199) 


wiw'SSdSsWb 5 10 16 20 

Sp.gr. at 15° . . T0068 1'0295 1*0605 1-0932 1 1275 


Sodium ferrocyanlde crystallises in large 
lemon - yellow monoclinic prisms or rhombo- 
hedra of the composition Na 4 Fe((TN) 6 ,10H 2 O 
(Conroy, J. Soc. Ohem. lnd. 1898, 17, 103), 
which are permanent when exposed to tho air 
at the ordinary temperature, but are com- 
pletely dehydrated ^at a little above 100°. The 
behaviour of the ‘dry salt, when heated, re- 
sembles that of the potassium compound. Tho 
solubility in water (Conroy, ,T. Soc. Chem. Ind. 
1898, 17, 103) : grams anhydrous salt dissolved 
by 100 grams of water, is at 20°, 17*9 ; at 30°, 
23*6 ; at 40°, 29 ; at 60°, 36*6 ; at 60°, 42*5 ; 
at 70*, 61*6 ; at 80°, 69*2 ; at 90°, 61 ; and at 
100°, 63. 

Zinc ferrocyanlde Zn 2 Fe(CN) 8 ,6H 3 0 is a 
white amorphous substance obtained by the 
action of calcium or hydrogen ferrocyanide on 
an excess of zinc chloride in aqueous solution. 
With other soluble ferrocyanides the precipitate 
Contains more or less of the metal of the ferro- 
cyanide used, a fact referred*to in more detail 
in the analytical section of this article. It is 
insoluble in dilute acids, completely soluble in 
eaustio alkalis to a mixture of ferrocyanide and 
zinoate, and only partially decomposed by alkali 
oarbonates. 

Pot&Slium ferricyanlde, red prussiate of 
potash, K a Fe(CN(), was discovered by Leopold 
Gmelin in 1822. He prepared it by passing 
hlorine into a solution of potassium ferro- 
Vot. II. — T. 


cyanide until it no longer gave a blue colour 
with a ferric salt ; 

2K 4 Fe(CN) < +Cl a =2K 3 Fe(CN) e +2KCl 

The salt is alwayB manufactured by this 
reaction ; the ferrocyanide is sometimes used in 
the form of a dry powder, in which case a mixture 
containing potassium chloride is obtained. 
Most commonly, a cold 10 p.c. solution of 
potassium ferrocyanide is treated with chlorine 
until conversion is just complete. A little 
Prussian green is always formed Dy the action of 
chlorine on tho forricyanido, and as this passes 
through any filter it spoils the appearance of 
the product. The difficulty may be avoided by 
ovaporating the solution to crystallisation and 
then adding a little caustic potash which de- 
composes the green into ferric hydroxide, which 
is easily removed by filtration, and potassium 
ferrocyanide, which is apt to crystallise out 
along with tho ferricyanide. Tho yield of ferri- 
cyanide, in this process, is 86 to 90 p.c. of the 
theoretical quantity. 

A. W. Williamson (Annalen, 1846, 67, 226) 
found that potassium ferric ferrocyanide 
(Williamson’s blue), when boiled with potassium 
ferrocyanide, gives potassium ferricyanide and 
Everitt’s salt 

K 4 Fo n (CN) 0 + KFc Iu f Fo"(ON) « J 

=K 3 Fe m (CN) „ 4 K,Fo n [Fe n (CN) ,] 

Since Everitt’s salt is readily oxidised to William- 
son s bluo by warming with dilute nitrio acid, 
Jho process might (as Dittmar suggested) be 
utilisod to complete the conversion of ferro- 
into ferricyanide, chlorine being used up to 
the point at which Prussian green begins to be 
formed. 

Many other oxidising agents have been 
suggested in place of chlorine, such as bromine, 
lead peroxido, calcium plumbate, potassium 
permanganate and persulphate, and oloctrolytic 
oxidation (see Bertelsmann, Technologic der 
| Cyanvorbindungen). 

Potassium ferricyanido crystallises from 
water in magnificent, deep - red, monoclinio 
prisms which may bo very large. It is anhy- 
drous ; sp.gr. 1*845. The aqueous solution has 
an intenso yellow colour. Tho solubility (grams 
of anhydrous Balt dissolved by 100 grams of 
water) is 33 at 4*4°, 36 at 10*, 40*8 at 16*6°, 
68*8 at 37*8°, 77*6 at 100°, and 82*6 at 104*4° 
(Wallac^, Dingl. poly. J. 1856, 142, 62). Specific 
gravity of the solutions at 16° (Schiff, Annalen, 
1860,113, 199):— 

KoSb ,! 1 6 10 15 20 26 «® 

Sp.gr. 100511*0201 1 * 05381-0831 1 * 11391 * 14621*1802 
The aqueous solution is decomposed by light, 
potassium ferrooyanide being formed. The 
caustic alkaline solution is a strong oxidising 
agent which decolourises indigo instantaneously. 
The alkaline solution is also reduced by hydrogen 
peroxide, oxygen being evolved. 

Ferric ferricyanide. The dark-brown solu- 
tion, formed when solutions of a ferricyanide 
and of a ferrio salt are mixed, contains, ferrio 
ferricyanide in the form of a highly disperse 
colloid. Ultramicroscopic examination show 
that*’’ the particles gradually inoreaae in size, 
a green substance ultimately separating out 
% Q 
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(R. Haller, Kolioid Zeit. 1917, 20, 76). The 
formation of a green substance by the action 
of chlorine on potassium ferricyanide was first 
noticed by Pelouze (Ann. Chim. Phys. 1838, 
f21 69, 40). Green ferric ferriovanides are also 
obtained’ by boiling Prussian blue with strong 
nitric acid or by precipitating potassium ferri- 
cyanide containing a little ferrocyanide with 
ferric ohloride (H. E. Williams). 

Potassium carbonylferrocyanide 

K*[Fe(CN) l 0O]H 2 O 

is formed by the action of carbon monoxide 
on an aqueous solution of potassium ferrocyanide 

K 4 Fe(CN) 6 +CO-f2H a O 

=K 3 Fo(CN) # CO+NH,+KHC 0 2 
(Miiller, Ann. Chim. Phys. 1889, [6] 17, 94). 
Carbonylferrocyanidos are found in the cyanide 
mud and spent oxide of the gas works, in which 
from 2 to 6 p.o. of the cyanogen (exceptionally 
'-as much as 20 p.c.) is prosont in this form 
(H. G. Column, Analyst, 1908, 33, 261). When 
the caustic soda extract of these materials, 
mixed with 4 to 5 times its volume of methylated 
spirit, iH allowed to stand for some hours, the 
sodium ferrocyanide crystallises out completely, 
leaving the carbonyl ferrocyanido in solution. 
It is isolated, in the form of the amorphous, 
deep-violet feme salt, by adding ferric chloride 
to the acidified solution. The deliquescent 
calcium salt Ca 3 [Fe(CN)* 5 C0] 2 ,8U 2 0 is obtained 
by boiling the ferric salt with milk of lime. 
The carbonyl ferrocyanides resemble the corre- 
sponding ferrocyanidos, but are paler in colour 
and more soluble in water. The copper salt, 
a green precipitate solublo in excess of ammonia, 
is characteristic. 

Sodium nltroprusslde Na a [Fo(CN) 8 NOV2H 2 0 
was first prepared by Lyon Playfair (Phil. Mag. 
1850, [3] 36, 197) by the action of dilute nitric 
acid on a solution of a ferrocyanide. The 
primary products of the change, hydroforri- 
cyanic acid and nitric oxide, react thus : 
H.Fe(CN) « + NO = H ,Fe(CN),NO + HON. The 
salt is also formod by adding a concentrated 
solution of ferrous sufphato to a solution con- 
taining equal parts of sodium nitrito and potas- 
sium cyanide. It crystallises in dark-red prisms, 
soluble in 2£ parts of water at 16°. The solu- 
tion is not precipitated by a ferric salt, and gives 
a deep violet colouration with alkali sulphiuos. 

Sodium aquopentacyanoferroate 

Na 3 [Fe(CN) 8 H 2 01,5H 2 0 * 

is obtained by the action of reducing agents, 
suoh as phenylhydrazine or hydroxylamine, or 
of oxidising agents, such as potassium hypo- 
bromite and hydrogen peroxide on a solution of 
sodium nitroprusside at temperatures below 
0°. The action of hydrogen peroxide is analo- 
gous to its behaviour with a ferricyanide 

2KjFe(CN) a + HjOj-f 2KOH 

=2K 4 Fe(CN) fl +0 a +2H a O 
The salt crystallises in reddish-yellow needleb, 
giving an intensely yellow solution, which does 
not yield a violet oolouration with alkali sul- 
phides. 

Sodium aquopentaeyanoferriate 

Na a [Fe(CN) # H,0] 

, is obtained by oxidising the foregoing compound 
4dth bromine. It is a deep violet- blue substance, 


and Cambi has shown that the potassium 
perferricyanide obtained by Bong (Bull. Soo. 
chim. 1875, [2] 24, 268) and Skraup (Annalen, 
1877, 189, 368) *by the action of potassium 
chlorate and an acid on a solution of potassium 
ferricyanide, is the potassium salt of the same 
acid. It is also obtained by the action of 
excess chlorine on potassium ferrioyanide, a 
deep violet solution being formed, from which 
the Balt is precipitated by alcohol. 

A series oi pentacyano iron compounds has 
also been prepared, which may be regarded as 
derived from the aquo-compounds just described 
by the replacement of the H a O group in the 
anion by one of the groups NO a , AsO a , SOj, 
NH 3 , or substituted ammonias. 

Literature. — K. A. Hofmann, Zeitsch. anorg. 
Chem. 1896, 11, 31, and 278; ibid. 1896, 12, 
146 ; Annalen, 1900, 312, 1 ; W. Manchot, Ber. 
1912, 45, 2869 ; L. Cambi, Gazz. chim. ital. 
1911, 41, i. 157. 

Hexamethyl carbylamlne ferro salts By the 

action of methyl sulphate on dry potassium 
ferrocyanide or of metnyl iodide on silver ferro- 
oyanide, E. G. J. Hartley lias obtained a series 
of salts of the general formula [Fe(CNCH 3 ) 6 ]R 2 , 
R being a univalent acid radical, in which the 
iron cyanogen complex plays the part of cathion. 
When heated with concentrated sulphuric acid, 
or boiled with aqueous caustic soda, these salts 
are decomposed, the whole of the nitrogen 
appearing in the form of methylamine, or of 
methyl carbylamine, which proves that all the 
nitrogen atoms are linked to methyl. 

Tetramethyl ferrocyanide [ Fe [oi5f H ^ 4 ] “ 

formed when hexamethylcarbylamine ferrochlo- 
I ride [Fe(CNCH 3 ) B lCl 2 is heated at 140°-150° in 
a vacuum for fi-9 hours, methyl ohloride being. 
I split off. Two isomeric forms, with the same 
molecular weight, have been separated from 
the reaction product. The a-isomer is much 
more readily solublo in water, alcohol, 'and 
| chloroform than is the /3-isomer, and from water 
it crystallises with two molecules of water of 
crystallisation, the /0-isomer combining with six. 
They also differ in their behaviour towards 
metnyl iodide, with which the a-compound com- 
bines at 100°, yielding hexamethylcarbylamino 
ferroiodide, the /3-compound remaining un- 
changed. No method of converting the one 
form into the other has been discovered (E. G. J. 
Hartley, Chem. Soc. Trans. 1910, 1060 and 1725 ; 
ibid . 1911, 1549; ibid. 1912, 705; ibid. *1013, 
1196). 

Constitution of the. Iron Cyanogen Compounds. 
— When dissolved in water these compounds 
dissociate clcctrolytically into a complex ion 
containing the iron, cyanogen, and other groups ; 
the sign and magnitude of the electrio charge of 
this ion depend on the nature of its constituent 
groups of atoms. The ions Fe(CN) Fe (ON)/'", 
Fe(CN) 8 CO"', Fe(CN) 8 NO // , Fe(CNCH s ),*V are' 
examples of this. These ions possess consider- 
able stability, but are probably dissociated to a 
very small extent. For example, the ferro- 
cyanogen ion is supposed to dissociate thus, 
Fe(CN) 8 /// ^Fe”+0(ON)' (F. Haber, Zeit. 

Elektroohem. 1905, 11, 846; Foster, Chem, 
Soo. Trans. 1906, 912). In the dark the con- 
centration of ferrous ion is too small to produce 
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» precipitate of FeS with an alkali sulphide, but 
the complete decomposition of the ferrocyanogen 
complex by mercuric oxide shows that the minute 
concentration of (ON)' in a solution of a ferro- 
cyanide is greater than that in a solution of 
merourio cyanide. The dissociation of the 
ferrocvanogen ion is increased by light, especially 
the ultra-violet rays, so that m alkaline solu- 
tions, oxygen produces a precipitate of ferric 
hydroxide. The increased dissociation is, how- 
ever, so small that no appreciable increaso in 
the conductivity of the solution can bo detected. 

Measurements of the osmotic pressure and 
eleotrioal conductivity of solutions of the 
ferrocyanides of calcium and strontium have 
been made by the Earl of Berkeley, Hartley 
and Stephenson (Phil. Trans. 1909, 209 A, 319), 
the results of which aro incompatible with the 
assumption of a molecule Ca : [Fo(0N) e l dissoci- 
ating into throe ions, it is suggested that the 
undissociated molecules may be double. The 
non-electrolyte, tetramothyl ferrocyanide, exists 
as single molecules in aqueous solution, and, 
from measun ments of the freezing-point, 
Buchbock (Zeitsch. phys. Chem. 1897, 23, 157) 
arrived at the same result in the ease of 
tetraethyl ferrocyanide. 

Several casos of isomerism have been re- 
corded. Locke and Edwards (Amer. ('hern. J. 
1899, 21, 193 and 413) observod that the ordi- 
nary anhydrous, rod potassium fferricyanido is 
converted into a groomsh-yellow modification, 
crystallising with 1 molecule of water by treat- 
ment with acids. This /3-forrieyanide gives no 
precipitate with bismuth nitrate, tho ordinary 
a-modification giving a Btraw-coloured precipi- 
'ate. The j8-forricyanido is converted into the 
a-salt by treatment with alkalis. Briggs 
(Chem. Soc. Trans. 1911, 1019) describes similar 
- behaviour on the part of the ferrocyanides. 
Faintly acid solutions doposit more deeply 
coloured crystals of tho 0-isomor, which arc 
readily converted into the o-form by treatment 
with potassium cyanide or alkplis. The l- 
menthyl ammonium salts of the two isomers havo 
different specifio rotatory powers in alcoholic 
solution, otherwise only minute differences in 
density and solubility were observed. Bennett 
(Chem. Soc. Trans*. 1917, 490) finds that the 
a- and £- ferrocyanides are crystalographically 
identical, and explains the difference of colour 
by slight decomposition of the acid solutions. 

In addition to the isomerio tetramethyl 
ferrocyanides already mentioned, Hartley (Chem. 
Soc. Trans. 1914, 521) has recorded the existence 
of two isomerio trimethyl cobalticyanides 
Co(CNCH s )s(CN ) 3 (attempts to prepare the 
ferricyanide derivative were unsuccessful), which 
differ considerably in solubility. 

The synthesis of ferrocyanides from a ferrous 
compound and of ferricyanides by boiling excess 
of ferric hydroxide with an alkali cyanide 
(Skraup, Annalen, 1877, 189, 376), show that 
these compounds and their direot derivatives 
contain divalent and trivalent iron respectively. 
It is to be remembered that the iron cyanogen 
compounds here considered form one group of a 
great family of complex salts. Substances of 
the general formulae 


m 


Ru, Rh, Ir, and Os, and in which the CN group 
may be replaced by SON. These are closely 
related in structure and chemical behaviour 
to large groups of metal ammonia and halogen 
oomplex salts. Under the ciroumstances, Wer- 
ner’s formulation of these salts, although it 
lacks the definiteness of the structural formulae 
of organic chomistry, appears to be the best 
available. A. Werner (Neuere Anschauungen 
auf den Gebiote der anorganischen Chemie, 
3rd od. 1913) regards the complex salts as built 
up by the co-ordination of a maximum number 
of six groups of atoms round a central atom ; 
carbon, nitrogen, and boron aro exceptional, their 
maximum co-ordination number being four. 
The six groups aro arranged symmetrically ; at 
tho angles of a regular octahedron, they are 
attached to the central atom, partly by the 
ordinary principal valencies, partly by secondary 
valencies. Tho nucleus so formed acts as a 
moro or less stable whole, which may still be 
able to combine with other atomB at a greater* 
distanc from the centre or on an outer sphere. 
These more loosely held atoms dissociate electro- 
lytically when the Bubstance is dissolved ; 
[•whether they are attached to the nucleus as a 
whole or to any particular atom in it is left 
undecidod, although Werner inclines to the 
former view. The number and nature of the 
lonogenic groups depends on tho nature of all 
the atoms included in the nucleus. For example, 
among the compounds described, we have : — 


Fei ro-seriea 

[Fe(CN) 6 ]K< 


8 K 3 


Ferri -series 
[Fe(CN),]K 3 

| Fo (0N) 5 ' 
NO 


Complex forme 
anion 


K*]k, 

KS’‘] KS: 1 '] 


[Fe(CNCH 3 )„]Cl 2 


not dissociated 
cathion 


A further consequence of tho theory is that 

complexes of the formulas j and j 

should exist in the two storooisomerio forms 
represented by : 


.z: 


and 






for the first 

and — 


z? ,z: 


z? 


for the Second 


Possibly Hartley’s isomeric tetramethyl 
forrocyaijide and trimethylcobalticyanides aro 
examples of these forms of isomerism. Werner 
classifies the (somewhat uncertain) isomerism 
of the ferro- and ferricyanides as unexplained; 
but as ftriggs has remarked (Chem. Soo. Trans. 
f908, 1564), they would also come under the 
above heading if the potassium atoms are 
supposed to be attached to definite CN groups 
in the nucleus. 


Manufacture of Potassium and Sodium 

ruttnm m riwnttn m I Cyanides.— The methods of manufacture of these 

[M(CN) a |R s and [M(CN) # ]R 4 salts are most conveniently described together, 

as* known in which the metal is Co, Or, Mn, I since most of the processes used may equally weB 
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be applied to making either salt. The most 
important technical processes have already been 
mentioned in the introduction to this article. 

. Manufacture from Yellow Prumate. — Potas- 
sium cyanide was Jprst prepared by Rorzelius’s 
method, which consists in heating dry potassium 
ferrocyanide to redness, when it decomposes 
thus: K 4 Fe(CN) a «4KCN+Fe+2C+N s . The 
loss of cyanogen, which occurs in this way, is 
partly avoided by fusing the ferrocyanide with 
potassium carbonate, as first described by 
F. and E. Rodgers (Phil. Mag. 1834, [3] 4, 91). 
Liebig showed that the product contains cyanate, 
formed thus : 

K 4 Fe(CN) 6 +K 2 C() 3 =5K(JN+KCN0+Fe+C0 3 

The fused salt is allowed to stand until the iron 
and carbon have settled out, and is then poured 
off into moulds. The comparatively small 
quantities of cyanide, which were used in electro- 
plating and for other purposes up to about 1 890, 
i were made by this process, Tee product was 
sold in white, porcelain-like cakes, containing 
from 30 to 70 p.c. of KCN. 

In 1876, E. Erlenmoyoi; (Ber. 1876, 9, 1840) 
pointed out that a very pure product, containing 
on the average 40 p.c. of CN (equivalent to 
100 p.c KPN), was obtained by fusing dry 
prussiato with metallic sodium in the propor- 
tions required by tho equation ^ 

K 4 Fe(CN) fl +2Na=4KCN+2NaCN+Fe 
This process was taken up first by the Deutsche 
Gold and Silber Soheide-Anstalt (F. Roessler, 
V. Inter. Kongress fur Angewandto Chemie, 
Berlin, 1903, 1, (538) in Frankfort-on-Main, in 
1890 ; they obtained a practically quantitative 
yield by filtering off the spongy iron from the 
fused cyanide and pressing tho iron while red 
hot. Tho cyanide so obtained is cast in cakes 
and forms a pure whito crystalline mass. Since 
about 1905, sodium ferrocyanide has been used 
in this process in place of the potassium salt, and 
the product is almost pure sodium cyanide. 
The excess of the gas works ferrocyanide over 
that required in the colour industries is 
converted into sodium cyanide in this way. 

It has been proposed to distil ferrooyanidcs 
with acids and to absorb tho hydrocyanic acid 
in solutions of caustic alkalis. Orossraann 
(Eng. Pats. 36 and 4513, of 1903 ; J. Soo. Chem. 
Ind. 1903, 22, 1327) distils sodium ferrocyanido 
with 20 p.c. sulphuric acid in lead stills, the 
Everitt’s salt remaining is re convertpd into 
sodium forrocyanide by boiling it with caustic 
soda in a current of air. The use of calcium 
ferrocyanide, which readily yields two-tliirds of 
its hydrocyanic acid, was proposed by J. H 
Paul (Eng. Pat. 72 of 1903). W. Fcid (Eng. 
Pat. 24920 of 1901) converts insoluble ferro- 
cyanides into mercuric cyanide, and then distils 
this with an acid. Dewranee and Williams 
(Eng. Pat. 28074 of 1908) distil the ferrocyanide, 
either soluble or insoluble, with 2-3 p.c. of its 
weight of cuprous chloride and a small excess of 
sulphuric acid, the whole of the hydrocyanic 
acid being evolved. None of these proposals is 
at present of technicaMmportance. 

The processes of Siepennann and Beilby were 
the first synthetic processes to produce cyanide 
in large quantities ; they are most conveniently 
considered together because, although they differ 


widely in the methods adopted in carrying them 
out, they are both based on the same ohemicai 
reaction which was also used by Scheele in the 
first synthesis of a cyanide ever made. 

In Siepermann’s process (D. R. P. 38012, 
March 10, 1886 ; Eng. Pat. 13697 of 1889 ; 9360 
and 9351 of 1900) a (fry mixture of about 2 parts 
of charcoal and 1 part of potassium carbonate — 
that is, a sufficient excess- of charcoal to keep 
the mixture in the form of a dry unfused mass 
throughout the process — is heated in the upper 
part of a vertical iron tube to a dark-red heat 
and treated with dry ammonia gas, which is 
taken up, forming potassium cyanate. The 
product is then allowed to fall into the lower 
end of tho till hi, which is heated to bright red- 
ness At tho higher temperature the cyanate 
is converted into cyanide, the carbon monoxide 
evolved oscaping through tho upper part of 
the tube along with the hydrogen formed 
from the ammonia, without taking any part 
in the reaction. The finished material is 
drawn off into air-tight receptacles where it is 
allowed to cool completely, after which it 
is systematically lixiviated with water. Potas- 
sium cyanide may be precipitated from the 
solution obtainod (sp.gr about 1'4) by adding 
excess of potassium carbonate, but according to 
tho later patents it is preferable to evaporate it 
almost to dryness and extract the unchanged 
potassium carbonate with small quantities of 
water at 66". The residue of potassium cyanide 
and cyanate is then treated with water between 
— 18° and +5°, which dissolves the cyanido and 
any residuo of carlmnate, leaving almost pure 
potassium cyanate. The product of this process 
was first put on the market in 1892 (G. Beilby, 
V. Int. Kongress angew. Chom. Berlin, 1903, 1* 
630), but as the substance was in the form of a 
damp deliquescent mass, it could not bo exported 
for use at the mines by itsolf but had to be fused 
with the product of the ferrocyanide process. 

In the Beilby process (Eng. Pat. 4820 of 
1891), which bogan to produce in the same year, 
tho quantity of charcoal used is very much 
smaller, very littlo more being employed than 
is necessary to convert the potassium carbonate 
into cyanido thus : 

K 2 C0 3 +4C -f 2NH 3 =2KCN -f 3CO -f 3H 2 
The charcoal is added gradually during the 
progress of the operation, so that the material is 
always in the form of a fused liquid through 
which the ammonia gas is forced under some 
pressure. This is continued until a sample 
shows the conversion to be sufficiently complete ; 
it is then only necessary to separate tho small 
excess of charcoal by filtration in order to have 
a puro white saleable product. Since the melt- 
ing-point of pure potassium carbonate (890°) is 
inconveniently high, previously made cyanide 
was mixed with it in starting the process, or 
the more readily fuRible mixture of sodi um and 
potassium carbonates was used, bo that the 
cyanide made by the process was very similar in 
composition to that produced by the Erlenmeyer 
process from potassium ferrocyanide. In 1899 
the Beilby process contributed fully one- half of 
tho total European production of cyanide. 

It is difficult to olbtain a satisfactory yield ou 
the ammonia in these processes, owing to the 
rapidity with which it decomposes into its 
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elements at temperatures above 600° and in 
contact with metals, especially iron (Ramsay 
and Young, Chom. Soc.. Trans. 1884, 88 ; Beilby 
and Henderson, ibid. 1901, 1246). For this 
reason it is necessary to work at tho lowest 
possible temperature. Siepormann, for example, 
obtained a yield of 86 p.e. on the ammonia when 
it was absorbed at a dark-red heat, but only 
68 p.o. at a bright cherry-red heat. Headman 
(J. Soc. Chem. Ind. 8, 767, 1889) showed that 
almost theoretical efficiencies can be obtained 
at the low temperatures attainable in an ordinary 
organic combustion furnace ; whilst Conroy 
(ibid. 16, 12, 1896), working at very high tem- 
peratures (1000°-1200°), could not get more than 
30 to 33 p.e. of the ammonia in the form of 
ovanide. In practice the reaction velocity is 
also of great importance ; in the Beilby process, _ 
where the advantage of the largo surface exposed ' 
by Siepermann’s dry mass of alkalised charcoal 
is sacrificed, the reaction is too slow at tempera- 
tures below 900°, the best results are obtained 
at 980°. In order to keep down the dissociation 
of the ammonia at this high temperature it is 
injected into the fused mixture through copper- 
lined tubes of such diameter that its time of 
contact with tho hot metal is less than one-tenth 
of a second. 

The chemistry of tho reaction has been 
investigated by J. Vfleger (F. RochrIcv, V. lnt. 
KongresH angew. ('hern. Berlin, 1903, 1, 638). 
Ammonia and potassium carbonate react, yield- 
ing potassium cyanate and hydroxide, a car- 
bamate being most probably formed as an 
intermediate product : 

CO(OK) a +NH,=(’.0<[JJ^*+K.OH 

( ' 0<r ^uK 2==K(!N0 + IJ 2° 

When pure potassium cyanate is heated at 
800°-900°, it decomposes, cyanido and carbonate 
being formed and nitrogen, carbon dioxide, and 
carbon monoxide evolved. The mechanism of 
this change is probably as follows : Drechsel (J. 
pr. Chem. 1877, [2] 16, 201.) has observed that 
tho oyanates of the alkaline eartli metals decom- 
pose, when heated, into carbon dioxide and the 
corresponding cyanamide salts. Assuming that 
the alkali cyanatos behave similarly, the first 
ohange will be 

2KCN0=K 2 CN 2 +C0 2 

Potassium cyanamide, however, decomposes 
completely at lower temperatures than 800° 
into cyanide, potassium, and nitrogen : 

. K a CN a =KCN+K+N 

The carbonate and carbon monoxide observed 
are thus due to the reaction between the metallic 
potassium and carbon dioxide witch are formed 
simultaneously. In presence of charcoal in 
exoess, the greater part of the cyanamide follows 
Dreohsel’s reaction (J. pr. Chem. 1880, [2] 21, 77), 
K a 0N a +C=2KCN, instead of decomposing ; so 
that the apparent reduction of cyanate by 
carbon probably takes place in the two stages : 
2KCN0==K 2 CN 2 +C0 2 
and K a 0N g +C=2KCN 
CO g -fC=»2CO 

The reactions occurring in the Beilby process 
ire the same, gxoept that, the whole process 


being carried on at the higher temperature, the 
formation of cyanate and its conversion into 
cyanide take place simultaneously instead of 
being more or less sharply separated as they are 
in Siepermann’s process. 

In the Siepermann process, it is easier to 
uso the ammonia efficiently, owing to the lower 
temperature employed, but this is counter- 
balanced by the greater difficulty of working up 
the product into a marketable form. 

The Gartner Proems .- — In 1894 H, Y. Castner 
(Eng. Pat. 12219 of 1894) patented a process in 
which sodium was fed in at the upper end of a 
column of red-hot charcoal through which a 
current of dry ammonia gas was passed from 
below, tho reaction being expressed by the 
simple equation : 

2Na+2C+2NH 3 =2NaCN-f-3H 2 
In a second patent (H. Y. Castner, Eng. Pat. 
21732, 1894) it is shown that better results are 
obtained by first allowing the sodium and am- # 
monia to react at a low temperature (300° to 
400°), forming sodium amide NaNH a , and then 
running the amide on to an excess of red-hot 
charcoal with which it reacts thus : 

NaNH 2 -f C=NaCN+H, 

Working in this way, it happened on one 
occasion that an excess of amide was acci- 
dentally run into the vessel containing tho 
charcoal, and a product of unusual appearance 
was obtained, in which the writer found a large 
quantity of sodium cyanamide. The reaction, 
therefore, takes place m three stages, in which 
the nitrogen enters successively into more and 
moro stable combinations. First sodium amide 
is produced, a compound which beginB to de- 
compose rapidly into its elements at 600° 
(Titherley, Chem. Soc. Trans. 1894, 604) ; this 
reacts either with carbon 

2NaNH a -J-C=Na 2 0N a +2H a 
or, as Pfleger found, with sodium cyanide 
NaNH a +NaCN=Na a ON a +H a 
forming sodium cyanamide, a compound which 
only decomposes slowly at 600°, and finally this 
takes up carbon, forming sodium cyanide which 
is quite stable at any temperature attained in 
the process. 

Like the Beilby process, this process yields a 
fused product containing very small quantities 
of solid impurities which are easily romoved by 
filtratiofl. After being cast in iron moulds, the 
cyanido is obtained in the form of pure white 
cakes with crystalline fracture, containing 97£ 
to 98 p.e. of NaCN (equivalent to 129-130 p.e. 
of KCN). 

The greater part of tho world’s cyanide re- 
quirements has been from its inception to the 
present date, 1920, supplied by this process in 
England. It. was worked out, under Mr. 
Castner’s # diroction, at the works of the Alumi- 
nium Co. at Oldbury ; the first manufacturing 
plant was erected, by the writer, at Frankfurt- 
on-Main, just before Mr. Castner’s death in 
1899, and the second ^t Glasgow in 1900. 
The experienced assistance of the staffs of the 
Frankfurt and Glasgow companies led to rapid 
improvement of working* details. A third 
installation started work near New York in 
1901. 



CYAHIDES. 


<54 

‘ Schkmpe ’ Proc&s. — The juioe of the 
sugar beet contains both inorganic and organic 
substances other than sugar, and these sub- 
stances accumulate in the molasses. In Ger- 
many, rather more than half of the molasses 
made aro treated with strontia, which combines 
with the sugar to form an insoluble sucrate ; the 
residue left after romoving this, the concentrated 
essence of the impurities of the original juice, is 
known as ‘schlempe.’ After concentration to 
sp.gr. 1 *4, it contains 75 p.c. of dry substances, 
30 p.c. of which arc inorganic (mainly potassium) 
salts and the remainder organic substances. 
The ‘ schlempo ’ contains about 4 p.c. of nitrogen 
in the form of betaine 

CH a — CO 

I >0 

N(CH 3 ) 3 

and decomposition products of the vcgotafde 
proteins. Of the molasses not treated b,y the 
'strontia process, a large part is consumed as 
cattle food and a small part fermented to 
alcohol. The residue of the alcoholic fermenta- 
tion is known in France as 1 vina-wrs.' 

The first attempt to utilise the nitrogen of 
‘ vinasses ’ was made by Vincent m 1877-1880. 
He distilled the ‘ vinasses ’ in horizontal iron 
retorts at a red heat, ammonia, a mixture of 
the three mothylamines, monoethyl-, 9ono- 
butyl, and monopropylamines, methyl alcohol, 
and combustible gases was evolved, and potas- 
sium carbonate mixed with somo carbon remained 
behind (E. Duvilher and A. Buisine, Ann. 
Chim. Phys. 1881, [5] 23, 289 ; H. Ost, Zeitseli. 
angew. Chem. 1906, 19, 609). In 1879 Ortlieb 
and Muller devised a process for converting 
Vincent’s mothylamines into hydrocyanic acid, 
which was worked by the Societ6 Anonymo de 
Croix (Eng. Pat. 3844, of 1879). The vapour 
of the methylamines was passed through a red- 
hot retort, yielding ammonia, hydrocyanic acid, 
methane, and hydrogen. The ammonia was 
absorbed by sulphuric acid, and tho hydrocyanic 
acid by a suspension of ferrous hydroxide in 
caustic potash. The manufacture of the 
mothylamines was abandoned in 1881 for want 
of a niarket, and with -it tho production of 
cyanides. 

The problem was again attacked by Bueb 
(Reichardt and Bueb, Eng. Pat. 7171 of 1895 ; 
Bqeb, Eng. Pat. 26259 of 1898). Instead of 
separating the products of distillation of the 
‘schlempe,’ he passed them directly, afuer con- 
densing some tar, into a series of firebrick 
channels which were heated to bright redness. 
The ammonia and hydrocyanic acid were 
absorbed together in a solution of ferrous sul- 
,phate, and the product worked up in the same 
way as that made in the gas-works. The narrow 
flues were soon stopped up by deposits of carbon, 
so that they were replaced by chambers filled with 
fire-brick checkor-work, which is heated up to 
1000° by firing directly with producer gas ; during 
this process, the deposit of carbon is burned. 
Two such chambers are used alternately, the one 
being heated up whilst^he gases from the retorts 
are passing through the other. The gases 
leaving' the decomposing chambers contain 
7 p.c. -JICN ; 7 p.c. ; 8 p.o. (mainly) CH 4 ; 
12 p.o. J 18 p.c. CO ; 24 p.c. CO, ; and 24 p.c. 
N t . hw passing through the decomposing 


chamber, the methylamines disappear and 
hydrocyanic acid is formed, the ammonia under- 
going but little change. The ammonia is now 
removed from the gas by absorption in sulphurio 
acid, and the hydrocyanic acid absorbed in 
water in a suitable column. The solution of 
hydrocyanic acid is then distilled into a solution 
of caustic soda (A. Vasseur, Bull. Soc. Ind. 
Nord do la France, 1913, 41, 445). The solution 
of sodium cyanide is evaporated to crystallisa- 
tion, the crystals dried, and briquetted by com- 
pressing them into blocks which are dried at 70° 
in vacud (Eng. Fat. 18096, of 1907), and then 
contain sodium cyanide equivalent to 120 p.c. 
of KCN. 

Of the nitrogen in the ‘ schlempe,’ about one- 
half is converted into nitrogen gas and so lost ; 
a quarter is obtained as sodium eyanido and 
the remainder as ammonium sulphate. 

The decomposition of di- and tri-methyl- 
amme, when passed through a heated porcelain 
tube filled with fragments of porcelain, fire- 
brick, or charcoal, has been studied by Voer- 
kehus (Dissertation, Hannover, 1909). At 
temperatures lying between 800° and 1000°, 
as much as 98 p.c. of the trimethylamine de- 
composes into hydrocyanic acid and methane 
N(0H 3 ) 3 ==HCN-f20H 4 , the remaining 2 p.c. 
yielding ammonia N(CH 3 ) 3 +3H 2 — NH 3 -f 3CH 4 . 
This result was obtained when the gaseous con- 
tents of the tube were changed once in 
seconds ; with a slower current of gas and also 
with a contact material of large surface (fireclay 
or charcoal) or with iron, a part of the hydro- 
cyanic acid is decomposed into its elements. The 
rate of decomposition at 1000°, however, is 
small. At 72(r tho yield of hydrocyanic acid 
was only 78 p.c., and at 600° none was produced. 

The formation of hydrocyanic acid from 
dimethylamine also begins between 600° and 
700°, from 800° to 1100° the change takes place 
quantitatively in accordance with tho equation 
NH(CH 3 ) 2 ==HCN+CH 4 +H 2 . If hydrogen is 
present, however, a second change occurs 
NH(CH,) 8 -f2H.=NH 3 +fiCH 4 . Using equal 
volumes of hydrogen and dimethylamine, this 
reaction is of no importance, but as the hydrogen 
present increases more and more of the di- 
metbylamino is converted into ammonia until, 
with a mixturo of 97 parts of hydrogen to 3 parts 
of dimethylamine, ammonia is the sole pro- 
duct. 

The behaviour of monomethylamine is 
probably analogous to that of dimethylamine. 
A. Wurtz (Ann. Chim. Fhys. 1850, [3] 30, 443) 
found that, at a red heat, it decomposes in 
accordance with the equation : • 

3CH 3 .NH 2 =2HCN+NH S +CH 4 +3H S 

In practice therefore, the losses of hydro- 
cyanic acid and ammonia by decomposition will 
depend on the rate of passage of the gases and 
on the nature of the contact material— the 
deposit of carbon on the porous bricks diminish*- 
ing the decomposition of hydrocyanic acid. 

The Deutsche Gold und Silber Scheide 
Anstalt (Fr. Pats. 447725 and 448722 of lfllfc) 
has made practical application of these observa- 
tions by passing the gases at a high velocity 
through heated conduits made of fused quarts 
or Dinas brick without filling material. By 
this means, it is said that practically the whop 
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ot the nitrogen is obtained as ammonia or 
hydrocyanic acid. 

Manufacture of Sodium and Potassium 
Cyanides, from Stdpkocyanides. — The sulpho- 
cyanide is first converted into ferrooyanide by 
one of the methods already described, and the 
ferrocyanide then worked up into cyanide ; 
this is the method actually in use. Other more 
direct processes have been used to some extent. 

The earliest of these was D. J. Playfair’s 
process (Eng. Pat. 7764 of 1890). Playfair found 
that certain metals, lead and zinc especially, 
when fused with potassium sulpkocyanide, 
abstract the sulphur, leaving potassium cyanide, 
which may be separated from the metallic 
sulphide by extraction with water. Tho fusion 
is carried out at 400°, and 70-80 p.c. of the 
sulphoeyanide is converted into cyanide (JO. J. 
Playfair, J. Soc. Chem. Ind. 1892, 11, 14 ; 
Conroy, ibid. 1896, 15, 8). The reaction is 
slower with lead, owing to tho small surface 
offered by the fused metal, whilst with zinc the 
product is apt to be contaminated by the double 
cyanide of zinc and potassium. Tho process 
was worked about 1894 by tho British Cyanides 
Co. at Oldbury (Brussels Exlnb. 1910, Catalogue 
of British Cliem. Section, p. 63). 

Kaschen’s process (Eng. Pats. 10476, 10966, 
and 21678 of 1895; 19767 of 1898 ; 12180 of 
1900) is based 'on the oxidation oi sulphoc-yanic 
acid to hydrocyanic and sulphuric acids which 
was first obsorved by E. A. Jiadow (Annalen, 
1858, 108, 380). Hadow found that permangan- 
ate, lead peroxide, manganese dioxide, and 
nitric acid bring about the same reaction. 
Raschen found that it takes place quantitatively 
in acid solutions only when an excess of tho 
oxidising agent is present. If the oxidising 
agent is added to tho sulphoeyanide, solid yellow 
compounds are produced of variable composi- 
tion, ono of which, ‘ canann ’ (q.v.), has Been 
uaod as a yellow dyo. 

Tho Raschen process (J. T. Conroy, J. Soc. 
Chem. Ind. 1899, 18, 432) was carried out by 
allowing a solution containing about 15 p.c. of 
sodium sulphoeyanide to flow into dilute nitric 
dcid kept at tho boiling-point by means of live 
steam. The reaction ; 

NaCNS + 2H^0 3 HCN+NaHS0 4 + 2NO 

took place. From 3 to 5 p.c. of the nitnc acid 
was less completely reduced, N 2 0 3 being formed, 
so that the gases leaving the decomposer were 
first scrubbed with a little water. The resulting 
solution of nitnc, nitrous, and hydrocyanic acids 
was returned to the decomposer. Tho gas, 
which now contained about 1 volume of 
hydrdcyanic acid to 2 volumes of nitric 
oxide, was passed through a solution of caustic 
soda (sp.gr. 1 ’37), which absorbed the hydro- 
oyanio acid. It was found necessary to avoid 
saturating this solution completely with hydro-, 
oyanio aoid because of the brown decomposi- 
tion products which are formed from the free 
add in presence of a cyanide. The nitric* 
oxide was then mixed with air and passed up- 
wards through towers packed with flints down 
which water trickled; in this way it was re- 
converted into nitric acid (sp.gr. 1 ‘12) which was 
retained to the decomposer. The solution of 
sodium cyanide was evaporated to dryness in 
yaouum pans without appreciable loss. 


I The reduction of SMbfoct/anides by hydrogen 
was studied by Playfair (J. Soc. Chem. Ind. 
1892, 11, 14). He found that hydrogen acts on 
potassium sulphoeyanide at a dull-red heat, 
forming potassium cyanide and sulphide and 
sulphuretted hydrogen. 

Conroy, Heslop, and Shores (J. Soc. Chem. 
Ind. 1901, 20, 320) showed that the reaction 
takes place slowly at 500°, and fairly fast at 
600°. Their results indicate that two reactions 
occur simultaneously : 

KSCN -f H j = KCN 4- H a S 

and 

2KSCN+2H 2 =K g S+2HCN+H < S 

A little ammonia is also evolved, probably owing 
to the difficulty of drying the Bulphocyanide 
completely. About 70 p.c. of the nitrogen is 
obtained in the form of cyanide and 20 p.c. as 
hydrocyanic acid. With barium and cuprous 
sulphocyanides, the reaction is similar to that 
represented by the second of the above equation^ 
the principal nitrogenous product being hydro- 
cyanic acid. With the cuprous salt, the reaction 
begins below 300°. 

Rossiter, Crowther, and Albright (Eng. Pats. 
4403 and 6226 of 1901) have patented a process 
based on the behaviour of the cuprous salt. It 
is mixed with finely divided copper and heated 
at temperatures rising from 150° to 650° in a 
cu#ent of hydrogen. Hydrocyanic aoid is 
evolved and cuprous sulphide remains behind. 

Synthesis of Cyanides from Uncombined Nitro- 
gen. Up to the outbreak of the European War 
in 1914 the nitrogen of cyanides was almost 
exclusively derived either from organic matters 
of animal origin or from coal. The ] < rsistent 
attempts to synthesise cyanogen compounds 
from atmospheric nitrogen, which date back to 
the first hall of the nineteenth century, have been 
renewed during recent years, and important 
progress has been made. The deficiency of 
cyanide caused by war conditions has, to a small 
extent, been supplied by the product of ono of 
tho processes using atmospheric nitrogen ; but 
it remains to be seen whether»any one of them 
will be able to hold its owii in competition with 
the older sources of supply under more normal 
conditions. 

The attacks on the problem of fixing free 
nitrogen in the form of cyanide have been 
made by several paths which sometimes inter- 
sect. For convenience of description, they may 
be arranged according to the raw materials 
used ; tho action has Been studied of nitrogen 
on : — 

1 a. Alkali metal carbonates and carbon 

b. Alkali metals and carbon. 

c. Barium carbonate and carbon. 

2 a. Carbides of metals. 

b. Acetylene. 

ft. Metals forming nitrides, subsequently 
converted into cyanides. 

la. Action of Nitrogen on Alkali Metal Carbonates 
and Carbon. 

Soheele may have been the first to fix atmo- 
spheric nitrogen in the &>rm of a cyanide. Writing 
in 1783, he says (CRemical Essays, 1901, reprint, 
288) : ‘ We know that charcoal powder, brought 
into fusion with fixed alkalis, yields likewise a 
kind of lixivium sanguinis, though The 
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source of the nitrogen however, doubtful, 
since charcoal contains a little combined nitrogen. 
Desfosses (Ann. Chim. Phys. 1828, 38, 158) 
mentions that notable quantities of cyanide are 
obtained by the action of nitrogen on a mixture 
of potash and carbon heated to redness, but the 
first thorough investigation of tho reaction was 
made by Lewis Thompson, who was awarded 
the Gold Isis Medal of the Society of Arts, in 
1838, for his improvements in the manufacture 
of Prussian blue. The ehiof improvement 
consisted in the substitution of atmospheric 
nitrogen for that contained in aintnal matters 
(Mechanics Magazine, 1839, 31, 92). Potash 
(2 parts), coke (2 parts), and iron turnings 
(1 part), were ground together to a coarse powder 
and heated in an open crucible, for half an hour, 
to a full red heat with occasional stirring ; tho 
end of the operation was indicated by the 
cessation of the jots of purple flame winch arose 
from the surface of the mixture. After cooling, 
|»he material was lixiviated, and Prussian blue 
precipitated in the usual way. Tho yield was 
better with larger quantities of material than it 
was with smaller batches ; thus 0 oz. of pearlash, 
containing 45 p.c. K a 0, yieldod 0*62 oz. (295 j 
grams) of Prussian blue, whilst 12 oz. (1 lb ) of 
the same material yielded 2 '8 oz. (1355 grains) 
of blue ; 1 that is, 0 23 and 0'54 part of Prussian 
blue for 1 part of K 2 0 used. Assuming that tho 
Prussian blue was dried at 30°-40°, and con- 
tained 28 p.c. of water, the theoretical yield is 
21 parts, so that Thompson cyanised from 
11 to 20 p.c. of the potash used. This calcula- 
tion may underestimate the yield, because it is 
stated tnat the Prussian blue spoken of is the 
‘ pure perforrocyanate of iron.’ Coke was used 
(because wood charcoal burns away too quickly), 
and the ‘ carbonaceous matter may be worked 
over again many times, and is even improved 
by each operation.’ The importance of the 
addition of iron is insisted on ; when it is not 
employed a much highor temperature is required. 

The importance of Thompson's 'discovery of 
the catalytic action of iron was not fully apjireci- 
ated for nearly* three-quarters of a century, 
perhaps because the addition of iron for an 
entirely different purpose was a familiar feature 
of the current process of manufacture of forro- 
cyanide. Contemporary criticism was con- , 
oerned mainly with the source of the nitrogen, 
although Thompson’s statement that tho 
carbonaceous matter improves on re-use would, 
if confirmed, have put the matter beyond doubt. 

G. Fownos, in a paper read to the British 
Association (The Chemist, 1841, 2, 201), insisted 
on the possible error due to the presence of 
nitrogen in the ooke used, and found, like 
Soheele, that charcoal or coke yields ‘ abundance 
of oyanide ’ when heated with potash in a closed 
orucible at a moderato red heat, which is not 
the case when pure carbon is used. When pure 
nitrogen was passed over a mixture of pure 
potassium carbonate and sugar charcoal 
heated, in a porcelain tube, he observed 
that oarbon monoxide was evolved at first 
in much greater volume than that of the 
nitrogen passed in. When the evolution of 
carbon monoxide ceased he f&und in two experi- 

1 *Thfl bracketed figures are Thompson's'; they are 
recalculated on the assumption that Troy weight was 


monte at a ‘ full red heat ’ that 11£ and 12£ p.c. 
of tho potash had been converted into cyanide, 
whereas at 1 whiteness, much above the melting- 
point of copper,’ the production of cyanide 
appeared much greater. 

The repetition of Fownes’ experiment by 
several chemists added little to our knowledge, 
and may be dismissed in a few words. Erdmann 
and Marchand (J. pr. Chem. 1842, 20, 407) 
observed only a doubtful trace of cyanide ; 
Liebig and Wohler (Handworterbuch der 
Ohemic, 1842, n. 384) could not confirm Fownes’ 
result ; and Delbruck (J. pr. Chem. 1847, 41, 
101) also obtained A mere trace of cyanide. 
None of these authors gives details of their 
methods. Bunsen and Playfair (Brit. Ass. 
Rep. d 845, 142), on the other hand, by heating 
a mixture of pure potassium carbonate and 
sugar charcoal in a gun barrel in a current of 
nitrogen at a temperature high enough to form 
potassium (about 1200°), obtained 0*982 grams 
of silver cyanide from an unmcntioned quantity 
of potash. It may be surmised that tho different 
results noted were duo to differences of 
temperature. 

in addition to these laboratory experiments, 
a most remarkable attempt was made to develop 
this process on a manufacturing scale. Possoz 
and Boissiere (Eng. Pat. 9985 of 1843, granted 
to their agent A. V. Newton) began their experi- 
ments at Crenelle, near Paris, m 1843, but 
transferred the plant in 1844 to the works of 
Messrs. Bramwoll & Co. (one of the leading 
prussiate makers of that time) at Newcastle- 
on-Tyno. The experiments were carried on by 
Mr. Bramwell and Mr. F. R. Hughes until 
1847, and a detailed account of them, furnished 
by Mr. Hughes, was published by Graham 
(Report of Juries, Exhib. of 1851, 1, 95). 

Wood charcoal was soaked in a solution of 
ordinary potash and dried, yielding a mixture 
containing about 20 p.c. K a O. This was, at 
first, heated in vertical fire-clay retorts of small 
diameter, which were fired externally. Owing 
to the low thormal conductivity of the retorts 
and of the charcoal, the heat penetrated the 
mass very slowly, and the output of a tube was 
small. It may be pointed out that this very 
serious difficulty is accentuated by the endo- 
thermic nature of the reaction, which was 
unknown at that time ; it is not only necessary 
to heat the charge to the reaction temperature, 
but the large quantity of heat absorbed by the 
reaction 

K z C0 3 -f4C+N 2 =2KCN+ 3CO-129 Cals, 
must also be supplied. 

After a number of alterations, retorts were 
adopted, which were built of ordinary fire- 
brick ; they were 2 feet in internal diameter, 
and were heated for a length of 6 to 8 feet to a 
temperature sufficient to produce cyanide. In 
an upper prolongation, the wet charcoal was 
dried and preheated, and in a lower, unheated 
’extension, made of cast iron, the product was 
cooled down, and then discharged, by means 
of an arrangement which permitted a periodical 
withdrawal of a part of the charge, into a solution 
of a ferrous salt, into which the lower end of the 
cast-iron tube dipped. A ring of small slots 
was left in the bnok retort at every third or 
fourth course of bricks, through which the hot 
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mixture of nitrogen and carbon dioxide in the 
furnace was drawn into the retort by means of 
an aspirator attached to the upper end. In this 
way the difficulty of heating the charge to its 
centre was overcome. The highest temperature 
in the furnace was sufficient to soften a Stour- 
, bridge fireclay brick throughout its substance 
(1350°-1400° ?). The hot gases were aspirated 
upwards, drying and preheating the fresh 
charge in the uppor part of the retort. As much 
as one-half of the alkali in the cyanised charcoal 
produced was found to bo in the form of cyanide, 
and 7 or 8 retorts of the dimensions given yielded 
36-40 cwts. of prussiato of potash per week, 
under favourable circumstances. Anout one- 
half of the charcoal used was consumed, and 
3 parts of potash were used for ] part of prussiato 
made. About one-third of the potash was 
accounted for by the prussiate ; one-third 
remained in the refuse charcoal, which could 
not be profitably lixiviated ; and the remainder 
combined with the bricks of the retort, or was 
volatilised up tho chimney. The financial 
failure of tho process was due to the losses of 
potash and to tho short life of the retorts. 

R. Hoffmann (Report of Junes, Exhib. of 
1862, 69) also tried large-scale experiments at 
Oodenwald in tho Black Forest, in 1868-1859, 
which may bo referred to as a further illustration 
of the difficulties mentioned above. The 
alkalised coke was heated in wrought-iron tubes, 
not more than 1 foot in diameter, protected with 
fireclay. The furnace was heated to a bright, 
white heat, which fused tho common brick work 
behind the firebrick lining, but only minute 
quantities of cyanide were formed ; the failure 
is ascribed to too low temperature, for it was 
found that the middle portion of the coke in a 
tube was far from being white hot 

In 1878, 0. A. Fawsitt (Eng. Pat. 4544 of 
1878) described a method of making ammonia 
by this process. In his experiments, which were 
made at St. Rollox, Glasgow, he used sodium 
carbonate instead of potash (J. Soe. Chem. Ind. 
1890, 9, 30). Using 3-inch or 4-mch wrought- 
iron tubes, he obtained as much as 50 p.c. of the 
theoretical yield of ammonia, but with 0-inch 
cast-iron tubes the yield was much' smaller, 
because the cast iron would not withstand the 
temperature needed. These experiments, there- 
fore, indicate that a temperature exceeding 
1100° (the approximate melting-point of cast 
iron) is required ; although, in this case, the 
differences may have been due, in part, to the 
facts that a tube of larger diameter would give 
worse results even with the samo external 
temperature, and that the nitrogen used with 
the 6-inch tubes contained from 3 to 5 p.c. of 
oxygen. . 

The patents of Victor Alder of Vienna are 
of interest, because they contain a clear recogni- 
tion of the oatalytic r61e of iron, and of the 
necessity of obtaining intimate admixture of 
the reacting constituents, together with sufficient 
porosity to admit of free access of nitrogen. 
Alder proposed to heat an intimato mixture of 
alkaline material and carbon in a closed vessel, 
in an atmosphere of nitrogen, and said : ‘ The 
addition of finely divided iron greatly promotes 
the conversion into cyanide, but is not absolutely 
essential to the suooess of the operation * (Eng. 
Eafc 1004 of 1880). In Eng. Pat. 5617 of 
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1881 he states that the reaction only succeeds 
in presence of carbonising gases, such as hydro- 
carbons or carbon monoxide, and that metals 
‘ capable of fixing and transmitting the carbon, 
such as iron, chromium, manganese, nickel, or 
cobalt, greatly promote tho conversion.’ The 
charge is prepared, for example, by mixing a 
solution of the alkali with charcoal and adding 
sawdust or other substance, which, when heated, 
will yield a porous mass ; or a thin paste of the 
alkaiine solution and finely ground charcoal con- 
taining some binding material is spread out on 
tho surface of lumps of charcoal. The * car- 
bonising metal ’ is to be added as Huch, as oxide 
or in the form of a solution of a salt which, 
when heated in a current of steam, wdl decom- 
pose, leaving a deposit of the oxide, which, in the 
cyanising process, will be reduced to metal. 
Alder appears, however, to have been under the 
impression that the success of a technical process 
depends on the employment of the cheapest raw 
materials, however unsuitable they may be, 
and a great part of the specifications consists of 
descriptions of the preparation of alkali-carbon 
mixtures from such substances as alkali sul- 
phates, limestone, and coal, as in the Lo Blanc 
alkali process ; the failure of the process is not, 
therefore, surprising, 

The catalytic action of iron was re-discovered 
by E. Tauber m 1899 (Ber. 1899, 32, 3150 ; and 
more fully in Die Chem. Ind. 1903, 26, 26). 
Trials of different kinds of carbon and different 
alkalis showed that potash or soda and wood 
charcoal are the most active materials. An 
intimato mixture of alkali and charcoal was 
made by soaking sawdust in the alkaline solution 
and carbonising the mixture ; iron (reduced by 
hydrogen) in fine powder was added to this, 
3 parts of iron to 1 part of soda giving the best 
results. The mixtures were heated, in iron 
boats enclosed in glass tubes, for ]£ hours at 
temperatures between ‘ dark and moderate ’ 
red heats, a current of purified nitrogen being 
passed. In some cases more than 25 p.c. of 
the soda used was cyaniRed, Jjut usually a 
conversion of 10 p.c. was not exceeded. Mag- 
nesium, tungsten, chromium, and nickel were 
found to possess some catalytic activity, though 
much less than iron. 

Between 1843 and 1912 some 30 patents 
were granted in Great Britain for modifications 
of tho process described by Possoz and Boissiere, 
in which tho blast furnace typo of apparatus 
recurs frequently ; no details of tho results 
obtamed, or of the causes of failure, appear to 
have been published. Since 1912 the numerous 
patents of J. E. Bucher (especially Eng. Pats. 
27713 of 1912; 23292 and 13332 of 1914; 
2286 of 1915), which are being developed by 
the Nitrogen Products Co. of Providence, 
Rhode Island, at their works at Saltville and 
Niagara Falls, have directed renewed attention 
to the catalytic action of iron. Prof. Bucher’s 
rqpults (J.*Ind. Eng. Chem. 1917, 9, 233) surpass 
any which have previously appeared in print ; 
this appears to be due partly to the fact that 
he has clearly realised tnat the neoessary con- 
ditions, already known separately, must be 
fulfilled simultaneously, and partly to the 
ingenuity and care devoted to detailed 
adaptation of means to this end. 

Carbon and iron oxide are eejgjgip|| ground 
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in a ball mill to pass 100-raesh sieve, and then 
re-ground together, after which dry sodium 
carbonate is added. The open-grained structure 
which is necessary to allow nitrogen to pass 
through the material is obtained by briquetting. 
This is done by kneading the powder, at about 
100°, with a little more water than is required 
to form the monohydrate Na g C0 3 ,H 2 0, and 
squirting the paste into small rods about 1 inch 
long and 4 incli diameter. These are dried at 
once, before cooling, because the expansion duo 
to the formation of the decahydratc at tempera- 
tures below 35° causes them to' fall to powder. 
When heated above the melting-point of sodium 
carbonate (852°) these little briquettes become 
plastic to some extent, but retain their shape 
sufficiently well to permit free circulation of 
gases through a column several feet thick. 
Mixtures of coke, iron, and sodium carbonate in. 
proportions from 2:2:1 to 2 : 2 : 2 give satis- 
factory results, the smaller proportion of sOdium 
r - carbonate giving the fastest reaction owing to 
the greater accessibility of the active carbon- 
iron surfaces to nitrogen. The reaction is said 
to begin about 700°, and the eutectic tempera- 
ture of iron-carbon (about 1150°) should not be 
exceeded because fusion of the particles of mm 
into larger globules diminishes their active 
surface. The speed of the reaction, under 
suitable conditions, is considerable ; for ex- 
ample, the 2:2:1 mixture heated, in 13 minutes, 
from 710 to 920 in a current of nitrogen, yielded 
a product containing 16 -2 p.c. NaCN, 92 p.c. 
of the sodium being in the form of cyanide. 
Sodium cyanide volatilises somewhat freely at 
900°-960°, so that in a stationary column of 
material in a vertical tube, the upper layers arc 
much richer than the lower ones, and a consider- 
able loss of alkali is observed ; it is anticipated 
that this will not occur in a continuous process, 
since the incoming fresh charge will condense 
the cyanide vapour. 

In order to supply the necessary quantity of 
heat (Na,CO # +4C+N 2 «2NaCN+3CO— 138-5 
Cals.) at a sufficient rate, Bucher proposes, for 
example, to use the hot charge itself as an 
electrical resistance (c/. Headman's apparatus, 
below), or to use electrically heated molten iron 
saturated with carbon and to pass a mixture of 
nitrogen and sodium vapour through it. 

Prpducer gas may be used at high tempera- 
tures, but the cyanide disappears if the product 
iB allowed to cool in an atmosphere containing 
carbon monoxide. This may be due* to tho 
formation of carbon dioxide, as Bucher suggests, 
by tho reaction 2C0=C0 2 +C, which is accele- 
rated by iron; it is also possible that the reaction 
Na 2 C0 8 +4C4-N 2 =2NaCN+3C0 is rovereible, 
ks has been proved in the analogous case of 
barium carbonate. 

Since this was written the reversibility of 
the reaction has been proved by J. B. Ferguson 
and P. D. V. Manning (J. Ind. Eng. Chem. 
1919, 11, 946). Mixtures of sodium Cyanide or 
of sodium carbonate (3 parts), charcoal (1 part), 
and iron (1 part) were heated in presence of 
definite mixtures of carbon monoxide and 
nitrogen. The composition of the product was 
not affecAd by the nature of the initial materials, 
bait varis§p%ith th| temperature and the com- 
ficwitioa W the gas. With 6 p.c. CO, for ex- 
ample, 75 p.c. of the alkali was cyanised at 


946° and 80 p.c, at 1000°; with 48 me. GO, 
27 -5 p.c. and 59 p.c. were cyanised at the same 
temperatures. Owing to volatilisation of cyan- 
ide it is probable that true equilibrium was not 
realised ; the error will be greatest for products 
rich in cyanide. 

C. O. Brown (J. Ind. Eng. Chem. 1919, 11, 
1010) has described tho plant which was erected 
by the Government of the United States in 
1917—18 to produce 10 tons of sodium cyanide 
daily by the Bucher process. Briquettes, made 
in the way described above, were heated at 
1000 u in vertical, gas-fired, Bteel, or nichrome 
tubes in a current of very pure nitrogen. The 
product, containing about 20 p.c. NaCN, was 
extracted with liquid, anhydrous ammonia ; 
by this means the formation of ferrocyanide is 
avoided, and any unchanged alkali is left 
undissolved in the residues which are reground 
with sufficient carbon and soda and reused. 
Evaporation of the ammonia solutions leaves 
Bodium cyanide, containing 92 p.c. NaCN, as a 
white powt|er. The loss of ammonia was about 
2 lbs. per 100 lbs, cyanide made. Each steel 
tube produced about lbs. of sodium cyanide 
hourly, and had a life of 11-14 days. The 
work was abandoned after the armistice in 1918. 

It may be mentioned here that the Cassel 
Cyanide Co , of Glasgow, has used iron as 
a catalyst in the manufacture of cyanides from 
atmospheric nitrogen since the year 1909, 
when the writer first became fully aware of its, 
great activity under suitable circumstances. 
The work in which sodium carbonate was 
employed as raw material was carried out 
entirely by Mr. J. H. Young. Setting out from 
finely divided, precipitated ferric oxido and 
charcoal (the purest and moRt active form of 
carbon available), the mixtures were made 
grinding these substances separately and then 
together, finally adding the dry sodium carbonate 
and re-grinding. The necessary porosity of the 
material to be treated with nitrogen was secured 
by adding a quantity of the very bulky charcoal 
obtained oy carbonising shavings ; the addition 
of 15 parts of this material to a ground mixture 
of 20 parts of sodium carbonate, 8 parts ferric 
oxide, and 15 parts charcoal, gave good results, 
60-80 p.c. of the alkali being cyanised at 900°. 
The residual charcoal-iron mixture resulting 
from the lixiviation of the cyanised mass gave 
even better results than a fresh mixture. A 
larger scale, continuous plant was at work in 
1913, in which the mixtures were heated in 
vertical steel tubes, of 6 inches bore and about 
10 feet long, of which a length of about 5 feet 
was heatea to the working temperature. The 
lower part of the tube sorved for cooling the 
product, which was withdraw by means of a 
horizontal spiral conveyor, fresh material befiag 
fed in at the top of the tube. Pure nitrogen 
was employed, and very careful measurements 
of the temperature showed that under satis- 
factory working conditions the temperature in 
the axis of the tube was 900'’, near the inside 
wall of the tube it was 950°, whilst a thermo- 
couple in the furnace in contact with the outer 
wall of the tube jmdicated 1010°. These 
measurements indicate quite dearly the necessity 
of using tubes of small diameter when external 
heating is relied on. Temperatures higher than 
those mentioned were found to be md s i fattM b 
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owing to their serious effect on the li£e of the 
steel tubes, and also on account of the danger 
of fusing part of the iron catalyst, and so 
d iminishing its active surface. Each tube of 
the dimensions mentioned produced from 40 to 
60 lbs. of sodium cyanide m 24 hours, the pro- 
duct containing from 21 to 26 p.ct NaCN. 

The results described, together with the older 
experience of the reaction between alkalis and 
nitrogenous organic matter, make it easy to 
understand the occurrence of cyanides in kelp, 
barilla, Le Blanc alkali, and the residues from 
the preparation of potassium (which were known 
to Lewis Thompson in 1839), and especially in 
the blast furnace. Clark (Phil. Mag. 1837, 10, 
729) described the occurrence of cyanide at the 
Clyde Iron Works, in a furnace using raw coal 
and hot blast, in quantities such that wheel- 
barrows full could be obtained. Zmcken and* 
Bromeis (J. pr. Chem. 1842, 25, 246) found a 
quantity of potassium cyanide in the charcoal 
remaining .n the hearth of a furnace in the 
Harz which had been closed flown. This 
furnace had been worked with charcoal and a 
hot blast. Rodtcnbaoher (Annalen, 1843, 47, 
160) described the formation of potassium 
cyanide in quantity (it was used for electro- 
plating) in a charcoal iron furnace at Manazell 
in Steiermark, which was also worked with 
blast heated as high as 350°. Bunsen and 
Playfair (Brit. Ass. Rep. 1845, 142) observed 
the production of more than 2 cwts. per day of 
potassium cyanide in the coal-fired furnace at 
Alfreton, which worked with blast at 330° ; 
they also showed that the potassium was 
derived mainly from the iron oro used, the furnaco 
charge containing sufficient potassium to pro- 
duce 377 lbs. of K0N per day. The cyanide 
was found in the hottest part of the furnace, 
2 feet 9 inches above the tuyeres, but some 
7 feet higher there was very little. Sir Lowthian 
Bell (J. Soc. Chem. Ind. 1890, 9, 710) gives the 
following figures for the distribution of cyanogen 
in a more modern furnaco at the Clarence 
Works, which was workod with coke and Cleve- 
land iron ore and blast at about 700° : — 

Height escape 

above hearth . 8 ft. 24 ft. 52 £ ft. 60 ft. pipe 

Grams CN 

per cb. m. gas 49*06 15*76 7*67 6*94 4*73 

It is generally assumed, probably correctly, 
that the blast furnace cyanide is produced from 
free nitrogen, but it is interesting to note that 
Sir L. Bell’s furnace consumed 50 tons of coke 

r ir day, which probably contained at least 
ton of oombined nitrogen. 

The mechanism of the reaction which occurs 
between oar bon, alkali carbonates, and nitrogen, 
and the r61e of fton, are still quite obscure. The 
old view, that carbon and nitrogen (' nascent ’ 
or otherwise) unite to form cyanogen which is 
then fixed by alkalis, is extremely improbable 
in view of the nature of«the equilibrium 
2C+N a ^ C a N, 

(tt, Cyanogen), and of the fact that no one has 
succeeded in isolating a traoe of cyanogen gas 
made bv the direct union of the elements. The 
that a carbide may be an intermediate 
product is discussed later. It is, at least, an 
.• 9 ee#ainad fact that some metallic acetylides do 
with nitrogen, although the behaviour of 


the alkali metal derivatives has hardly been in- 
vestigated. The intermediate formation of free 
alkali metal has also been asserted to be neces- 
sary, but as the alkali metals (except lithium) 
do not combine directly with nitrogen, whereas 
they do combine with carbon, this seems to be 
identical with the assumption of the intermediacy 
of a carbide. No valid experimental evidence 
appears to have been advanced in support of 
the existence of any intermediate compound. 

16. Action of Nilrogcn on Alkali Mel ah ard 

\ Carbon. 

This reaction appears to have "been observed 
for the first tune by R. F. Marchand (J. pr. 
Chem. 1850, 49, 351). A statement that oaBt 
iron and steel contain from 0*5 to 1*2 p.c. of 
nitrogen induced him to test some 30 samples 
of cast iron by Lassaigne’B method, that is, by 
heating the sample to redness, in a test tube, 
with potassium, extracting the product witn * 
water, and applying tho Prussian blue test to 
the solution. A copious precipitate was obtained 
m every case. He found, however, that, when 
tho muduo of iron was dried and again heated 
with potassium, there was a further production 
of Prussian blue, and that this continued so 
long that, with 8 grams of powdered iron, it 
was impossible to exhaust tho reaction. This 
led Marchand to suspect that the nitrogen was 
derived from tho air, and he proved that this 
was the ease by carrying out the reaction in an 
atmosphere of hydrogen or of carbon dioxide, 
when no more than a doubtful trace of blue was 
obtained, and, further, by heating the mixture 
of cast iron and potassium (after drying it in a 
current of hydrogen) in an atmosphere of nitrogen 
in a closed tube, when ho found that the nitrogen 
was completely absorbed. He also showed 
that steel behaves like cast iron, but' soft iron 
does not. Marchand did not obtain the reaction 
with a mixture of carbon and iron obtained by 
heating ferric succinate or benzoate, and 
therefore concluded that success depends on 
tho carbon being in chemical combination with 
the iron. 

The success of Lassaigno’s test, when applied 
to organic substances containing sulphur, had 
been questioned by O. Jacobsen, wnQ recom- 
mended tho addition of reduced iron in such 
cases. Making the test in this way, I. Remsen 
(Amer. Chem. J. 1881, 3, 134) obtained Prussian 
blue from substances, such as pure cane sugar 
and sodium potassium tartrate, which contain 
no nitrogen. After proving that the reduced 
iron employed was not the source of the nitrogen, 
Remsen heated a mixture of the tartrate, pure 
reduced irdn and sodium, first in hydrogen to 
dry it, and then in nitrogen, obtaining a very 
large precipitate of Prussian blue. He also 
made the new observation that the iron powder 
loses it§ activity when it is superficially oxidised 
by exposure to air, which may perhaps explain 
Marchand’s failure to obtain the reaction with 
his mixtures of iron and carbon. 

The reaction was re-discovered by E. T&uber 
(Ber. 1899, 32, 3150), whose experience coincided 
almost exactly with that of Remsen. 

H. Y. Costner, in 1894, patented a 
process in which sodium was allowed to fife# 
downwards over a column of red-h£t charcoal in 
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an iron vessel, a current of nitrogen passing 
upwards through it (Eng. Pat. 12218 oi 1894). 
It is doubtful whether this process received more 
than a cursory trial. It was taken up again by 
the Roessler and Hasslacher company about 
1910. They find that a mixture of sodium 
vapour and nitrogen reacts with charcoal in the 
absence of iron at 650°, and that the speed of 
reaction is sufficient for manufacturing purposes 
at temperatures above about 800°. (H. Philipp, 
Chem. and Met. Eng. 1920, 22, 313 ; ILS. 
Pats. 1249821, 1917; 1235887, 1917). 

In 1912, J. E. Bucher applied for a patent 
for the manufacture of cyanide by the direct 
union of its elements in presence of iron (Eng. 
Pat. 11797 of 1913; U.8. Pats. 1082845 of 
1913; and 1110559 of 1914). A temperature 
of from 500° to 800° is said to be suitable, and 
iron and carbon are to be intimately mixed. 
Like Marchand, Bucher also observed the 
removal of carbon from cast iron or steel by the 
• iction of sodium and nitrogen on them. He also 
follows Marchand in adopting the view that iron 
acts as a solvent of carbon, the dissolved carbon 
being supposed to be capable of entering into 
combination with sodium and nitrogen. When 
sodium carbonato is used, it is assumed that 
a little metallic sodium is formed by the action 
of carbon, even at tho low temperature (700°) 
at which tho reaction proceeds, the removal of 
this, by conversion into cyanide, disturbs the 
equilibrium and permits the decomposition of 
further quantities of sodium carbonate. This 
hypothesis appears to be open to the criticism 
that it makes the extremely rapid rate of forma- 
tion of cyanide depend on the rate, of solution 
of solid carbon in solid iron'; it also fails to 
make clear why the usually inert nitrogen 
becomes so active. 

The Cassel Cyanide Co.’s experiments 
with this process were begun, as already stated, 
in 1909; in 1911 engineering difficulties had 
been so far surmounted that a unit plant pro- 
ducing about 50 lbB. of cyanide hourly was at 
work. From the experience thus gained a larger 
industrial unit was designed and erected, which 
was producing cyanide for some time before war 
was declared in 1914. 

lc. Action of Nitrogen on Barium Carbonate 
and Carbon. 

In 1800 Marguorittc and l)e Sourdeval (Eng. 
Pat. 1171, of 1800 ; Compt. rend. 1800, 50*1100) 
discovered that a mixture of barium oxide and 
carbon absorbs nitrogen readily forming barium 
cyanide. Ludwig Mond (Eng. Pat. 433 of 
1882 ; J. Soo. Unem. lnd. 1889, 8, 505) experi- 
mented with this prooess in 1882. He found 
that a temperature of 1200° was required for 
the formation of cyanide, and that the reaction 
goes best about 1400°. The barium compounds 
fuse readily at these temperatures and attack 
the fireolay retorts. To avoid this he briquetted , 
them with an excess of carbon and pitch. The 
apparatus used was similar to that of Possoz 
ana Boissiere, and 40 p.c. of the barium used 
was readily cyaniaed. The object of Mond’s 
experiments was the production of ammonia, 
ana.be abandoned thi^yprocees in favour of the 
merfe promising method of acting on coal with 
air ana steam in large exoess (see Ammonia). 


As Mond pointed out, the reaction is endo- 
thermic 

BaCO,+C=B&O+2CO-101*2 Cals. 
Ba04-3C+N 2 =Ba(CN) a -fC0— 43*1 Cals. 

The introduction of internal electrical heating 
by Readman (J2ng. Pat. 0621 of 1894) therefore 
marks a very considerable step in advance. 
His process was worked by the Scottish Cyanides 
Co. at Lcven in Fifeshire, between the years 
1899 and 1907. Considerable quantities of 
sodium cyamde of excellent quality were pro- 
duced, but the financial results were unfavour- 
able. The following account of the process in its 
final form is believed to be substantially accurate. 

Barium carbonate, produced in a later stage 
of the process, was intimately mixed with ground 
coal to a thick paste, which was dried and coked 
in ordinary gas retorts. Tho granular mixture 
of barium oxide and coke so produced was then 
fed into an electric furnace, consisting of a 
vertical shaft of circular cross-section, lined with 
magnesia bracks. A ring of carbon blocks in 
tho wall of the shaft near its lower end formed 
one electrode, a cat’bon cylinder suspended 
in the mouth of the shaft formed the other. 
The alternating current passed between these 
electrodes through the granular mass of coke 
and barium oxide, heating it to a high tempera- 
turo. A current of producer gas with about 
70 p.c. of nitrogen, passed upwards through the 
mass, which was constantly fed downwards 
into a cooling chamber by means of a plate and 
rotating arm which closed the lower end of the 
shaft, fresh material being fed in to the annular 
space round tho upper electrode. The cooled 
product was lixiviated with water, and the 
resulting solution, containing barium cyanide, 
cyanamide, and hydroxide, treated with sodium 
bicarbonate. After filtering off the barium 
carbonate, tho solution of sodium cyanide was 
concentrated in vacud and then passed over 
cooling coils depositing crystals of the hydrate 
NaCN,2H 2 0. These were separated from tho 
mother liquor in a centrifugal machine, and then 
dehydrated by heat and the powder briquetted. 
The mother liquor, from which no further crystals 
could be obtained, was distilled with sulphurio 
acid to recover the residue of Hydrocyanic aoid. 

The ohemistry of this process has been 
studied in some detail at temperatures up to 
1150°, but little is known of it at higher tem- 
peratures. Undecomposed barium carbonate, 
as Finkelstein (Ber. 1906, 39, 1585) showed, 
does not melt at 1350°, but when heated alone 
or with carbon, it is partially converted into 
barium oxide, which yields readily fusible 
mixtures with the carbonate. Le Chatelier, for 
example, found that partly decomposed barium 
carbonate melts at 796°. The fusibility of the 
mixtures is increased by the formation of 
barium cyanide (which melts about 000°), so 
that the material under treatment in this process 
is a liquid phase of variable composition. 

Kiihling and Berkhold (Ber. 1908, 41, 28) 
found that when a mixture of barium carbonate 
and carbon is heated in a current of nitrogen 
under constant conditions, a little more than 
40 p.c. of the barium combines with nitrogen 
at 1150°, and that at lower temperatures the 
quantity combined diminishes, reaching zero 
at about 925°. 
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Ewan and Napier (J. Soo. Chem. Ind. 1913, 
32, 467) also found that the absorption of 
nitrogen begins at 926°. They showed, how- 
ever, that it depends on the two reversible 
reactions BaC0 3 -f C ^ Ba0+2C0 and 
BaO-f 3C-fN s ^ BafCN^+CO 
If carbon monoxide is allowed to accumulate, 
therefore, the change is brought to a standstill, 
if it is swept out with large quantities of pure 
nitrogen a considerable portion of the barium 
may be cyanisod even at comparatively low 
temperatures. Using 29 molecules of nitrogen 
to eaoh molecule of BaO, for example, over 
40 p.o. of the barium combined with mtrogon in 
2 hours at 960°. 

The prossure of oarbon monoxide in equili- 
brium with puro barium carbonate and carbon 
is relatively large, it falls, howover, to very low 
values for the dilute solutions of the carbonate 
in barium oxide or cyanide. For this reason 
the greater part of the barium carbonate decom- 
poses before any cyanide is formed, but the 
decomposition is never comploto. 

When a mixture of BaCO., j-BaO-1 0 or of 
Ba(0N) a -f BaCNj+C is heated in a mixture of 
carbon monoxide and nitrogen of definite 
composition until no further change occurs, the 
percentage of the barium in the product, which 
is combined with nitrogen (as cyanide or cyana- 
mide), is independent of the composition of the 
initial mixture, and dopends only on the tem- 
perature and on the composition of tho gas 
usod. Tho maximum quantities of barium 
which can combine with nitrogen under different 
conditions, observed in this way, are given in 
the following table : — 


P.c. of CO 

P.c. - >f the hari inn combined with nitrogen 

In the gas 

1000° 

1100° 

1150° 

O* 

50 

60 

50 

10 

28 

41 

44 

20 

5 

32 

38 

30 

— 

22 

32 

40 

— 

13 

26 

50 j 

— r 

4 

15 

70 

— 

— 

9 


The curves drawn through the experimental 
points appear to bo straight lines converging 
towards 50 p.c. conversion for puro nitrogen ; 
it is probable, however, that this is not their 
true form at very small concentrations of 
carbon monoxide, because a product in which 
67 '1 p.c. of the barium haa combined with 
nitrogen was obtained by continuing the heating 
for 82 hours at 1100° with nitrogen containing 
only O’l p.o. of CO. For practical purposes, 
the rapid increase in the quantity of carbon 
monoxide required to reverse the reaction at 
higher temperatures is important. 

In addition to the two equilibria just men- 
tioned, the reaction Ba(CN) 2 =BaCN 2 +C occurs. 
Pure barium cyanide decomposes in this way 
even at 600°* the reaction is a slow one, which is 
accelerated by iron. The results appear to 
show that at temperatures between 600° and 
1000°, and in absence of barium oxide, the decom- 
position ceases when about two-thirds of the 


nitrogen is in the cyanamide form ; in presence 
of barium oxide the ohange does not go so far. 
The relative quantities of cyanide and cyanamide 
produced by the action of nitrogen on mixtures 
of barium oxide and carbon are very erratio, 
anything from 0 to 70 p.c. of the nitrogen fixed 
may be in the cyanamide form, the average of 
36 experiments was 15 p.c. 

The equilibrium pressure of carbon monoxide 
in the reaction BaO-f 3C ^ BaC 2 + CO was 
found to be 1 mm. of mercury at 1200°. Cyanide 
formation therefore proceeds freely in presence 
of quantities of carbon monoxide, whioh are 
quite incompatible with tho existence of barium 
carbide. The suggestion that barium carbide 
is an intermediary in this process is, therefore, 
incorrect. 

The effect of pressure was studied by Hempel 
(Ber 1890, 23, 3388). Tho mixture of barium 
oxide and carbon was heated for 16 minutes 
by the same quantity of electrical energy in \ 
closed bomb ; the quantity of hydrocyanio 
acid obtained increased 16 times when the 
nitrogen pressuro was increased from 1 to 60 
atmospheres. The improvement may have been 
duo to greater reaction velocity of the more 
concentrated nitrogen or to a larger valuo of 
tho ratio of nitrogen to carbon monoxide in the 
bomb. Stabler (Ber. 1916, 49, 2292), by a 
somewhat similar method, finds that with 60 
atmospheres N pressure a product containing 74 
p.c. of barium cyanide and no appreciable 
quantity of cyanamide is obtained. 

The addition of barium chloride or of potas- 
sium carbonate to the mixture of barium oxide 
and carbon neither reduces the minimum tempe- 
rature nor increases the speed of the reaction. 

The effect of the addition of calcium and 
barium fluorides was studied by N. Caro 
(Zeitsch. angow. Chem. 1910, 3, 2405) at tem- 
peratures about 1100° and 1200°. Since the 
quantity of carbon monoxide in tho nitrogen 
was not observed it is impossible to draw definite, 
conclusions from the results ; it is, however, of 
interest that in the 15 experiments recorded the 
quantity of tho barium which combined with 
nitrogen never exceeded one-half of that 
present. 

Very little information exists about the 
course of the reaction at higher temperatures. 
From Eng. Pats. 2133 of 1907, and 22039 of 
1906 (Badische Co.), it may be gathered that 
80 p.c. of the barium can be combined with 
nitrogen at 1500° ; and, according to Kaiser 
(Fr. Pats. 454237-8 of 1913), 90-95 p.o. of 
the theoretical quantity of nitrogen is absorbed, 
when barium carbonate and carbon are heated 
at ‘ 900° to 1400° * in nitrogen and cooled in it 
under pressure. It appears, therefore, that the 
inactivity of one-half of the barium, which has 
been shown to exist at temperatures below 
1200°, may disappear at considerably higher 
temperatures ; possibly because a different 
fnecnanism comes into play. Ewan and Napier 
(he.), by applying Nernst’s thermodynamic 
theorem to their measurement of the equilibrium 
pressure ( p co in mm. of mercury) of the reaction 
BaO+3C^tBaC 2 +CO, showed that, at abso- 
lute temperature T m 

log„Pco=- I6 f°+1'75 Iogi.T+5'48 
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from which the value of p co =100 mm. at 1600* 
and 1026 mm. at 1700 s . M. Kahn (Compt, rend. 
1007* 144, 913) found that barium carbide is 
formed from barium oxide and carbon heated 
in a well-closed crucible at the melting point of 
platinum (1760°); the equilibrium pressure at 
1760° is, therefore, greater than 1 atmosphere, 
in approximate agreement with the calculated 
value. It is therefore possible that barium 
carbide is an intermediate product at high 
temperatures. 

2 a. Action of Nitrogen on the Carbides of Metals. 

F. R. Hughes (Report of Juries, Exhib. of 
1861, 1, 95) suggested that the first stage of 
the reaction between potassium carbonate and 
carbon might load to the formation of potassium 
oarbide, and that this might combine directly 
with nitrogen. Potassium carbide is actually 
formed in this way, E. Davy (Brit. Ass. Report, 
*1836, ii. 62), havmg discovered acetylene by 
treating with water, the black product of an 
unsuooessful attempt to prepare potassium. 
Berthelot (Compt. rend. 1868, 67, 1141) was led 
to suggest the same mechanism by the analogy 
with nis synthesis of hydrocyanio acid from 
acetylene and nitrogen. Ho also showed that 
the products of tho action of potassium on 
potassium carbonate or on carbon monoxide 
contain potassium acotylido. The action of 
nitrogen on the alkali metal carbides has not 
been investigated in detail. Frank and Caro 
(Eng. Pat. 15066 of 1895) mention that they 
combine at a 4 dark red heat ’ forming cyanides. 

The absorption of nitrogen by the carbides 
of calcium, strontium, and barium has been 
much more completely studied. Moissan (Compt. 
rend. 1894, U8, 503, and 684) found that pure, 
dry nitrogen did not roact with the pure carbides 
oven at 1200°, although the product obtained 
from barium oarbide yielded a little ammonia 
when boiled with water. In 1895 Frank and 
Caro (Eng. Pat. 15066 of 1895), and T. L. 
Willson (Eng. Pat. 21997 of 1895), discovered 
independently that the impure carbides absorb 
nitrogen. According to Frank and Caro, moist 
nitrogen is necessary when tho pure carbides 
are used, but not with impure Bubstancos ; they 
also found that barium carbide yields the corre- 
sponding cyanide, but obtained an ‘ unsatis- 
factory result ’ with calcium carbide unless it 
was mixed with barium or sodium carbide. 
Willson proposod to treat the carbidts with 
nitrogen either during their formation in tho 
eleotric furnace, or subsequently in a separate 
operation. He also appears to have found 
difficulty with calcium carbide, and says that 
a cyanide or some more complicated nitrogen 
oompound is formed. The fact that a large 
part of the combinod nitrogen is in the form of 
a cyanamide salt was discovered by F. Rothe, 
working under Frank’s direction, in 1898(Zeitsch. 
angew. Chem. 1903, 658), and was published iji 
Frank and Caro’s Eng. Pat. 25476 of 1898. 

Frank and Caro at first attempted to apply 
their discovery to the manufacture of cyanides. 

Pfinely ground barium carbide, made in the 
electric furnace, was heated at about 700° in 
presenoe -of pure nifapgen. The product con- 
tained about 11 p.c. or nitrogen, 30 p.c. of which 
was in the form of barium cyanide, the remainder 


being barium cyanamide. In order to convert 
the oyanamide into cyanide, the material was 
heated with dry sodium oarbonate and carbon. 
The sodium oarbonate may convert the 
barium cyanamide into the sodium salt, which 
then takes up oarbon in the way discovered by 
Dreschel, 

BaCN 2 -f-Na t C0 3 =Na a CN 2 + BaCO s 
and Na 2 CN 2 + C=2NaCN 

By extracting the product with water, 
converting the sodium cyanide into ferro- 
cyanide, and then fusing it with sodium, 
about 86 p.o. of the nitrogen fixed was 
obtained in the form of marketable sodium 
cyanide (G. Erlwoin, V. Int. Kongross angew. 
Chom. Berlin, 1903, 1, 646). The process, how- 
over, even in this form, did not pay, and the 
cheaper calcium carbido was therefore tried. 
Commercial calcium carbide absorbs nitrogen at 
about 1 100°, yielding a product containing from 
I 20 to 23 5 p.c. of nitrogen, which is wholly in 
the form of calcium eyanamido CaC 2 +N 2 =CaCN 1 
+C. Details of the manufacture of calcium 
cyanamide aro given in tho article on Nitrogen, 
ATMOSPHERIC), utilisation of. By heating this 
product with sodium chloride, from 90 to 95 p.c. 
of the eyanamido is said to be converted mto 
sodium cyanide . (G. Erlwein, loc. cit., G. 

Erlwem and Frank, U.S. Pat. 708333, 1902.) 

It is not easy to obtain such a high yield in 
the laboratory ; Kitawaki and Kusano, for 
example (J. Chom. Ind. Tokyo, 1917, 20, 234), 
state that when 10 parts of calcium cyanamide 
(18’6 p.c. N) are heated with 16 to 24 parts of 
salt, and 2 parts of charcoal for 10 minutes at 
900°-950°, and the fused product cooled in 
absenoe of oxygen, it contains moro than 70 p.c. 
of the theoretical quantity of oyanide 

Large-scale experiments woro carried on in 
Germany with but little success ; a description 
of these, up to 1914, has been published by 
W. S. LandiB (Chem. Met. Eng. 1920, 22, 265). 
In the latest modification, from 2 to 3 parts of 
salt were fused separately, and l part of calcium 
oyanamide added gradually in order to control 
frothing. The highest temperature used was 
960°, and from 40 to 75 p.c. of the nitrogen was 
obtained in the form of cyanide. 

In 1916 the process was installed at Niagara. 
It was soon found that the troublesome evolution 
of gas was almost suppressed by the addition of 
a little calcium carbide, and that much better 
results were obtained by raising the temperature 
to 1200°-1400° (H. P. Eastman, U.S. Pat. 
1282395, 1918), and also that the cyanide dia- * 
appears when the fused produot is allowed to 
cool slowly, the reversion apparently occurring 
between 400° and 700° (H. Freeman, U.S. Pat. 
1282405, 1918). In 1919 tho prooess was, there- 
fore, carried out by feeding a mixture of oaloium 
oyanamide (1 part), salt (about 0 # 8 part), and 
calcium carbide (005 to 01 part) into a single 
phase electric furnace of the aro-resistance type 
with conducting hearth and a simile suspended 
electrode. The furnace treats about 30 tons 
daily. The mixture fuses, and is run off almost 
continuously into a pan in whioh a water-cooled 
drum rotates, taking up a thin layer of Hie fused 
material which solidifies and is scraped off in 
thin flakes whioh oontain oyanide (possibly the 
oaloium sjalt) equivalent to 36 p.o. JSaCN. The 
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effWenc y oatbe nitrogen is about 90 p.c. The 
equivalent of 975 tons of sodium cyanide was 
made in 1917, 1050 tons in 1918, and 1250 tons 
in 1919. The chemistry of i;his prooesa is still 
incompletely known ; Landis states that 
cyanide is formed even when little or no salt is 
used, which suggests that the principal change is 
represented by the reversible reaction 
CaCN 8 +C^Ca(CN) a 

The initial frothing may be due to the decom- 
position of sodium cyanamide 

2NaCN,=2NaCN+N lt +2Na 

the graphitic carbon present not being suffi- 
ciently active at lower temperatures to convert 
it quiokly into cyanide ; the addition of calcium 
carbide is supposed to supply the necessary 
active carbon. 

2b. Action of nitrogen on acetylene. 

In 1863 Bi rtholothadshown(Ann.Chim Pliys 
1863, [3] 67, 52) that acetylene is formed in the 
electric are between carbon electrodes m an 
atmosphere of hydrogen, and also that hydro- 
carbons in general yield acetylene when induction 
spark.: pass through their vapours. The careful 
measurements of Hone and Jerdan (Chem. Soc. 
Trans. 1901, 1042) indicate that, when equili- 
brium is established m the gas surrounding a 
carbon arc burning in hydrogen or hydrocarbon 
vapour, it contains 9(>— 91 p c H 2 , 7-8 p.e. 
O g H 2 , T25 p.e. CH 4 and 0 75 p.c. C a H e , no other 
hydrocarbons being present. 

In 1868 Berth clot (Compt rend. 1868,67, 1141) 
discovered that acetylono and nitrogen combine, 
under the influence of strong induction sparks, 
to form hydrocyanic acid, and that the reaction 
C!gH 2 -fN 2 ^ 2 HCN is reversible. Taken to- 
gether with liis earlier observations on the 
formation of acetylene, this led him to the 
generalisation that hydrocyanic acid must bo 
formed in the carbon arc burning in mixtures 
of hydrogen and nitrogen or when sparks arc 
passed through mixtures of nitrogen and hydro- 
carbons. The cyanogen compound observed 
when the are burns between carbon eleetrodos 
in an atmosphoro *of nitrogen is hydrocyanic 
aoid, the hydrogen of which is derived from the 
eleotrodes or from water vapour. A mixture 
ot 10 vols. C 8 H,, 14 ‘5 vols. N„ and 75‘5 vols. H 2 
"is suitable for the synthesis of hydrocyanic acid, 
sinoe mixtures richer in acetylene deposit carbon. 
Dewaf (Proc. Roy. Soc. 1879, 29, 188, and 1880, 
30, 85) confirmed Berthelot’s observations on 
the formation of hydrocyanic acid in the arc, 
and also showed that it is formed when a mixture 
of hydrogen and nitrogen is passed through a 
carbon tube heated externally by an eleotric 
arc. The minute traces of hydrocyanic acid 
found in the slightly luminous flame of a Bunsen 
burner (Liideking, Annalen, 1888, 247, 122) are 
doubtless due to this reaction. 

Subsequent investigations add little to the 
information given by Berthelot; Hoyermann 
(Chem. Zeit. 1902, 26, 70) passed a mixture 
of nitrogen (2 vols.) and aoetylene (1 vol.) into 
the aro through tubular carbon electrodes and 
found that- 60 to 70 p.c. of the acetylene was 
converted into hydrocyanic acid. Gruszkiewicz 
(Zeitsch, Elektrochem, 1903, 9, 83) found that 


a mixture of carbon monoxide (2 vols.) hydrogen 
(1 vol.) and nitrogen (1 vol.) yielded small 
quantities of hydrooyanic aoid when exposed 
to induction sparks between platinum points. 
Lipinsky (Zeitsch. Elektroehem. 1911, 17, 761) 
passed mixtures of methane, nitrogen and hydro- 
gen through a 2200 volt alternating current arc 
between platinum electrodes. No carbon^as 
deposited from a mixture containing ClfllBO 
p.c.), H 2 (10 p.c.), and N 8 (70 p.c.). nRer 
tho best conditions about 1 '75 gram of hydro- 
cyanic acid was produced per kilowatt hour. 
It is instructive to compare this with the 
50 grams of nitric acid per kilowatt hour 
which Raleigh obtained, in apparatus of com- 
parable dimensions, from mixture* of oxygen 
and nitrogen. 

E. Briner and A. Baerfuss (Holv. Chim. 
Acta. 1919, 2, 663) have obtained as much as 

7 - 39 grams HON per kilowatt hour by circulating 

8- 10 litres per hour of a mixture of 1 part 
mothane and 5 parts nitrogen through an aro at • 
505 volts between platinum electrodes 12 mm. 
apart. 

According to H. Philipp (Chem. Met. Eng. 
1920, 22, 213), Lipinski’s process was tried on a 
commercial scale in 1914 at Neuhausen, and a 
yield of 30 grams of HON por kilowatt hour 
attained. 

Hutton and Smith (Eng. Pat. 23835 of 1906, 
and Trans. Amer. Electrochem. Soo. 13, 359, 
1908) showed that the temperature of the arc is 
not necessary, hydrocyanic acid being formed 
when a carbon rod is heated in a mixture of 
hydrogen and nitrogen to 1700° ; and H. v. 
Wartcnberg (Zeitsch. anorg. Chem. 52, 299, 
1907) carried out quantitative measurements 
with the following results (using a mixture of 
equal volumes of hydrogen and nitrogen) : — 

P.c. HON in the gas 
Tomjierature in equilibrium 
1635° 1 -95 

1752° 310 

1875° 4*70 

Wallis (Annalen, 1906, 345, 353), by passing the 
same mixture through the electric arc at varying 
rates obtainod a maximum of 33 6 p.c. of HCN in 
the gas. The estimated temperature of the aio 
is about 3250°. 

Cyanides from nitrides. At high tempera- 
tures, nitrogen combines direotly with several 
elements to form nitridos, and these, when fused 
with scglium carbonate and carbon, produoe 
sodium cyanide. This has been shown to be 
the case with the nitrides of boron, calcium, 
magnesium, titanium, silicon, and aluminium, 
and with phospham PNH 2 . Since none of 
these processes nas emerged as yet from the 
experimental stage, it is sufficient to mention 
the possibility of producing cyanides in this 
way. 

Hydrocyanic add. Prussic acid (Ger. Blau- 
secure). HCN. 

This substance was discovered fcy Soheele in 
1782 (Chemical Essays, London, 1786; reprinted 
1901). He observed that Lixivium sanguinis 
loses its power of forming Prussian blue when it 
is exposed to the air, and traced this effeot to 
the atmospheric carbon dmxide. Other acids 
also produced it, and the Rue-forming principle 
was found in the vapour given off. By dtstillxng 



464 


CYANIDES. 


the lixivium with sulphuric acid, he obtained 
an aqueous solution of hydrocyanic acid. A 
more convenient method of preparation was to 
heat potassium fcrroeyanide with dilute sul- 
phuric acid. In doing this, he obtained a blue 
residue (oxidised Everitt'B salt or Williamson’s 
blue). Finally, he prepared mercuric cyanide 
by dipiling Prussian blue with mercuric oxide ; 
hfflHatirig this with iron and sulphuric acid, lie 
dtHiiposed it into mercury and hydrocyanic 
acid, which he distilled off. In 1 783, Scheele 
found that hydrocyanic acid is inflammable, its 
combustion yielding carbon dioxide. He also 
proved that it contains nitrogen by synthosising 
it from ammonia. Equal parts of charcoal and 

I iotassium carbonate were heated to redness, 
>ut not sufficiently to melt the potash, in a 
crucible and then some ammonium chloride 
stirrod in (for 2 minutes only) ; the mass 
was then thrown into water and a solution 
obtained which gave * a great quantity of 
Prussian blue,’ whereas a similar experiment 
without the sal-ammoniac yielded a very small 
quantity. 

The exact quantitative composition of 
prussic acid was ascertained by Gay-Lussac 
(Annales de Chimie, 1815, 95, 156). He showed 
that it is similar in constitution to hydro- 
chloric and hydnodio acids, the hydrogen 
being united with a compound radical, CN, 
which he called ‘ cyanogen?' which plays 
the part of an element in so far as it passes 
through many transformations unchanged. 

Compounds of hydrocyanic acid are widely 
distributed in nature in plants. The acid does 
not exist as such in the living plants, but is 
liberated after their death by the hydrolytic 
action of an enzyme on a gluooside, both of 
which arc contained in the living cells ; the 
glucosido may also be split up by boiling with 
ddute acids. Rarely a glucoside is found with- 
out an accompanying enzyme, as in the leaves 
of the common elder {tiambucus mger). The 
ohomistry of the cyanogenetic glucosides is 
described under Glucosides. Very different 
quantities of hydrocyanic acid are obtained 
from different parts of the same plant, the 
quantity also depends on the age of the plant 
(it iB usually greatest in the young plants) and 
on the conditions of growth such as elimato 
and rainfall ; tho use of nitrogenous fertilisers 
has been found to increase the quantity of 
hydrocyanic acid present. Plants rarely yield 
as much as one or two tenths of 1 p.c.«of their 
weight of hydrocyanic acid ; for example : 
great millet {Sorghum vulgare) 0'013 to 0*044 
p.c. in young plants, an exceptional North 
American sample gave 0*114 p.c. ; wild cherry 
iPrunux padua) 0*03 p.c. ; cheiry laurel [Primus 
laurocerasus) up to 0*2 p.c. in young leaves ; 
cassava, sweet, 0*010 p.c. in the leaves, 0*043 
p.c., in the peel of the stem, 0*005 p.c. in the 
edible part of the root, the corresponding parts 
of the bitter variety contained 0*041 fi.e., 0*1J3 
p.c., and 0*053 p.c. respectively ; Rangoon 
beans (Phwedus funatus), 0*025 p.c. ; linseed, 
0*02 to 0*038 p.c. ; Nandina domcstica, 0*07 
to 0*147 p.c. ; bitter almonds 0*12 to 0*18 p.c. 
Cases of cattle poisoning are not infrequent in 
hot countries wher^orghum is used as fodder, 
and linseed meal Mid white clover are also 
sometimes poisonous. The enzymes are de- 


stroyed and the cyanogenetio glucosides rendered 
harmless by thorough boiling with water. 

Minute traces of hydrocyanic acid have been 
observed in the products of incomplete combus- 
tion, for example, in the luminous flame of a 
Bunsen burner, in boiler flue gases, and in 
tobacco smoke. 

Preparation of Hydrocyanic Acid. — Hydro- 
cyanic acid was formerly prepared by distilling 
potassium ferrocyamde with dilute sulphuric 
acid. A more convenient method, however, 
is to run a solution of sodium cyanide 
(97 to 98 p.c. NaCN) in from 2-2J times its 
weight of water into hot sulphuric acid of 75 p.c. 
strength; about 1| mols. of sulphuric acid to 
2 mols sodium cyanide is sufficient and the 
cyanide solution is preferably allowed to enter 
tiie acid a little below its surface, so os to avoid 
contact of the alkaline cyanide solution with 
hydrocyanic acid vapour. 

The vapour may be dried by calcium chloride, 
kept at a temperature of about 30° and then 
condensed in a vessel cooled by ice, although 
the greater part of it is quite readily liquefied 
in an ordinary Liebig’s condenser cooled by cold 
water. It may be purified from traces of water 
and ammonia by distillation over phosphorus 
pentoxidtf (Nef, Annalen, 1895, 287, 266). 

Hydrocyanic acid is formed m many different 
ways ; the synthesis from free nitrogen and 
acetylene has already been mentioned 
The oxidation of organic compound ft by nitric 
acid often yields hydrocyanic acid in greater or 
smallor amount, and it has boon proposed to 
manufacture hydrocyanic acid in this way. 
The interesting reaction described by Hunting- 
don (Eng. Pat. 14855, 1895) may be mentioned 
here. A mixture of acetylene and nitric oxide 
is readily oxplodod by a spark, yielding very 
considerable quantities of hydrocyanic acid in 
accordance with the equation 

2NO+ 2C 2 H 2 =2HCN+2CO-(-Hj 

When ammonium formate is distilled, water 
is first given off together with a little ammonia 
and formic acid ; at 180° formamidc begins to 
distil over, and, as the temperature gradually 
rises to 220°, tliis is accompanied by increasing 
quantities of carbon monoxide, but only traces 
of hydrocyanic acid are produced. In order to 
obtain a good yield of hydrocyanic acid, the 
vapour must be heated to much higher tempera- 
tures, and the result is greatly influenced by 
the nature of the substance with which it is in 
contact. According to unpublished experiments 
by tho writer, the principal changes which occur 
aro : — 

H*COONH 4 =HCO*NH 2 + H a O (1) 
H*COONH 4 =NH 8 +HCOOH 

=NH 3 +H 2 0+C0 (2) 
HCO*NH 8 =HCN+H a O 
H 2 0+C0=C0 2 +H 2 

The ammonia and hydrocyanic acid in the pro- 
duct usually accounted for more than 95 p.c. of 
the nitrogen in the ammonium formate or 
formamide used. Under similar conditions, the 
yield of hydrocyanic acid obtained from forma- 
mide is much greater than that obtained from 
ammonium formate. For each contact sub- 
stance there is a certain temperature at which 
the yield is a maximum. The following table 
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contains the beat temperatures and correspond- 
ing yields for several contact substanoes : — 



Ammonium formate j 

Formamide 

Contacts 

substance 

Yield of 
HCJf p.c. of 
theoretical 

Temperature 

Yield of 
UCN p.c. of 
theoretical 

1 

I 

H 

Porcelain 

chips 

41*5 

700° 

75 

800° 

Copper gauze 

43*0 

just below 500° 

78 

600° 

Iron wire 

39*0 

just below 500° 

— 


Charcoal 

21*0 

420° 

55 

1 400° 


With finely divided nickel, no hydrocyanic 
acid was obtained m any circumstances ; at 
273°, 92£ p.o. of the nitrogen was recovered as 
ammonia, but much loss at higher temperatures. 

Formaldo.rime CII 2 : NOH, an isomorido of 
formamide, obtained by the interaction of 
formaldehyde and liydroxylamme, decomposes 
very readily when heated alone or with phos- 
phorus pentoxide into water and hydrocyanic 
acid (Dunstan and Bossi, Chem. Soc. Trans. 
1898, 353). 

Ammonia and carbon monoxide were said to 
yield hydrocyanic when passed over heated 
Bpongy platinum (Kuklmann, Annalen, 1841, 
38, 02), CO+NH 3 =HCN-f H a O, and this ap- 
parently simple reaction has attracted several 
inventors. A careful investigation by Jackson 
and Laurie (Ohom. iSoc. Trans. 1905, 87, 433) has 
shown that a dry mixture of tho two gases, 
when sparked, treated by the silent discharge 
or heated in presence of platinum (an electrically 
heated spiral of platinum wire gives the best 
result) yields ammonium cyanato thus : 

CO-f 2NH a =NH 4 CNO-f H a 
and Kuhlmann’s reaction doeB not take placo. 
The reverse change, HCN-f H 2 0=C0+NH 3 , 
however, does occur very roadily, even at 200°, 
when a mixture of steam and hydrocyanic acid 
is passed over broken brick as contact material, 
and at 600° it is prqctically quantitative. With 
iron oxide as contact substance, the conversion 
into ammonia is complete at 285°, and with 
Weldon mud at 200° (Carpenter and Linder, J. 
Soc. Chem. Ind. 1905, 03). 

Cyanogen and hydrogen combine, forming 
hydrocyanic acid when a mixture of them is 
heated at 500°-550° (Berthelot, Ann. Chim. 
Phys. 1879, [5] 18, 380). 

Properties of Hydrocyanic Acid . — A colourless 
liquid possessing a characteristic smell (or rather 
taste), which produces a choking Bensation in the 
larynx. It is one of the most poisonous sub- 
stances known, the fatal dose for a full-grown 
man being about 0‘06 gram of the acid or 0T6 
gram of potassium cyamde. It may be absorbed 
through all parts of the body, even through the 
«)dn, and its action is very rapid, large doses 
oausing death almost instantaneously. Air in 
whioh the smell of hydrocyanio acid is distinctly 
peroeptible may be breathed constantly with- 
out £u effeots. Experiments with cats showed 
that 9 to 4 volumes of the acid per 100,000 
WeteuiM of air could be borne, but 5 volumes 
Tot. 


produced symptoms of poisoning. In industrial 
oases of hydrocyanio acid poisoning the persons 
affected were usually working in confined spaces, 
for example, cleaning or repairing apparatus 
which had contained oyanides, removing 
damaged cargo from the holds of Bhips, or work- 
ing in insufficiently ventilated buildings where 
cyanide solutions were used ; in all these cases 
hydrocyanic acid is generated from alkali cyanide 
solutions partly by hydrolysis and partly by 
the action of carbon dioxide. 

The first symptoms of poisoning are giddi- 
ness and darkness of the visual field (these 
symptoms disappear after a few minutes ex- 
posure to fresh air), they are followed by un- 
consciousness accompanied by muscular cramps 
and more or less complete cessation of respira- 
tion ; the heart Btill actmg, however, artificial 
respiration with oxygen may be successful at 
this stage. When a cyanide has been swallowed, 
hydrocyanic acid is liberated by the acids of the 
stomach. The simplest and most effective 
antidote is prepared by nnxmg solutions of 
ferrous sulphate and sodium carbonate (suitable 
quantities are 50 c.c. each of solutions containing 
150 grams of FeS0 4 ,7H 2 0 and 57 gramB of 
Na a COj per litre). Stimulants, such os ammonia, 
are also helpful. The writer has seen a dog, 
which had swallowed some potassium cyanide, 
and was already partially paralysed m its hind 
quarters, recover in a few seconds when dosed 
with the above mixture which had been mado 
up hastily from ferrous ammonium sulphate. 
Subcutaneous injection of hydrogen peroxide, 
which converts hydrocyanic acid into oxamide, 
has also been recommended. 

The action of hydrocyanic acid appears to 
consist partly of a direct effect on the nerve 
centres and partly of an inhibitory action on 
the enzyme of tho red blood corpuscles, which 
brings about the transference of oxygen from 
oxy haemoglobin to the oxidisable substances 
in the body ; the venous blood therefore becomes 
arterial, and death is due partly to a kind 
of intornal suffocation. Schonbein (J. pr. 
Chem. 1868, 105, 202) showed that hydro- 
cyanic acid inhibits the catalytic decomposition 
of hydrogen peroxide by plant ferments, and 
also by the red blood corpuscles, and suggested 
that its poisonous properties might be due to 
the inhibition of the oxidising power of the 
blood. Bredig and von Berneck (Zeitsch. phys. 
Chem. 1899, 31, 329) showed that hydrocyanic 
acid has the same effect on the inorganio ferment, 

| colloidal platinum. The ferments recover their 
activity when the hydrocyanic acid is removed. 
This property has been applied in the preserva- 
tion of fruit. 

The sp.gr. of the liquid acid is 0*7058 at 7° 
and 0*6909 at 18° (Gay Lussac). Freezing-point, 
— 10° to —12° (Nef.). The freezing-point is 
raised by pressure ; it is —2*88° under 500 kilos 
per sq. cm. and +60*1° under 4000 kilos per sq. 
om. pressure (Tamman). The boiling-point at 
atmosplfhric pressure is 26° (Nef.). The heat of 
evaporation is exceptionally large, 210*7 Cals, 
per gram. Heat of formation of the liquid acid 
from the elements (amorphous carbon) “- 21*8 
Cals, per mol. (Thomsen), diamond —24*8 Cals. 
(Berthelot). Heat of solution, liquid acid In 
water, 0*4 Cal. per mol. Jke dielectric constant 
of hydrocyanic add, 95, » the largest known, 

»*r v 
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with the exception of that of hydrogen peroxide 
(Rchhmdt), The acid is miscible in all pro- 
portions with water, alcohol, ether and many 
other substances ; it is almost insoluble in light 
petroleum. It is an excellent solvent for many 
solid substances ; among the inorganic salts the 
iodides are usually readily soluble. The solu- 
tions are good conductors of electricity, the con- 
ductivity of solutions of potassium iodide, for 
example, is about times greater than that of 
the corresponding aqueous solutions. 

Hydrocyanic acid is one of the weakest 
acids ; its dissociation constant in aqueous 
solution at 18°, 1 3 X 10"®, is 44 times smaller 
than that of sulphuretted hydrogen, and 230 
times smaller than that of carbonic acid (Walker 
and Cormack, (’hem. Soc. Trans. 77, 16, 1900). 
In a O’liV-solution, only 0 011 p.c. of the acid 
is dissociated into its ions, consequently it does 
not behave as an acid to indicators, and its 
salts are more or less completely decomposed 
by water ; thus for example, 

KCN+ H a O KOH+HCN 

In 01 A-solutions of the sodium or potassium 
salts, lip c. is dissociated in this way ; in Ab- 
solutions , only 0'3 p.c. at 24 '2° (Shields, Zeitscb. 
physikal. (’hem. 12, 107, 1893). In solutions 
of pure sodium cyanide, containing no caustic, 
soda, the hydrolysis is greater than that found 
by Shields. It may be calculated from the 
equilibrium constant K=[HaOH][H(’NJ[NaCN], 
the bracketed quantities representing concen- 
trations of the substances m gram mols. per 
litre. The values of Kx 10* arc : at 0°, 0 135 ; 
at 5°, 0 15 ; at 10°, 010; at 15°, 0*20 ; at 20°, 
0*27 ; at 25°, 0 484 ; and at 30°, 0’72 (E. P. 
Worley and V. li. Browne, Chern. Soc 
Trans. 1917, 1057). This is of importance 
when it is required to concentrate an 
aqueous solution of a cyanide ; the free hydro- 
cyanic acid escapes until sufficient excess of the 
base has accumulated to reduce the hydrolysis 
to negligible proportions. In the case of weaker 
bases, the result is a considerable loss of hydro- 
cyanic acid ; with calcium cyanide, for example, 
tne quantity of lime formed is greater than can 
be retained in solution, consequently equilibrium 
is never attained, and when such a solution is 
evaporated, tho whole of the hydrocyanic acid 
escapes, leaving a residue of pure lime. 

A large part (sometimos one-half) of the 
cyanide used in gold extracting is lost by the 
evaporation from the solutions of hydrocyanic 
acid set free by hydrolysis (H. A. White, J. 
Chem. Met. and Min. Soc. S. Africa, 1915, 
10, 24). 

Pure hydrocyanic acid, distilled over phos 
phorus pentoxide, can be preserved without 
change for considerable periods at the ordinary 
temperature ; when heated to 100° or at the 
ordinary temperature in presence of alkaline 
impurities, such as ammonium or potassium 
cyanide, it changes into a solid, black ijiass from 
which a ter-molecular polymer, probably the 
nitrile of amino malornc acid, NH 2 , CH(CN)j ! , 
can he separated. Under imperfectly known 
conditions, the anhydrous acid sometimes 
explodes. G. Salomone (Gazz. ohim. ital. 
1912, 42. i 017) isolated, from the products of 
an expkwon, colourftss crystals of a substance 
having the composition of oy&nic acid and a 


molecular weight, in benzene solution* corre- 
sponding with (H0H O).. 

The aqueous acid also becomes brown 
rapidly in presence of alkali cyanides and 
deposits a dark brown amorphous substance, 
azulmin or azulmio acid, which contains carbon, 
oxygen, nitrogen, and hydrogen in variable 
proportions. The discolouration of solid alkali 
cyanide, when exposed to the air, is due to tile 
hydrocyanic acid liberated at its surface under- 
going this change. 

The only useful application of hydrocyanic 
acid, as an insecticide, was developed at the 
Agricultural Experiment Station of the Uni- 
versity of California, largely by the labours of 
1). W. Coquillett and II. I). Bishop (California 
Station Bull. 122). They found that foliage is 
much less liable to injury at night than in sun- 
light ; tho hydrocyanic acid vapour is applied 
by erecting a tent over the trees and generating 
the acid inside of it. The safe concentration of 
hydrocyanic acid depends on the kind of tree 
and on the time of year. In greenhouses less 
than 2 grams of hydrocyanic acid per 1000 cb. ft. 
of air space is said to kill green aphis, but as 
much as 30 grams may be needed for mealy bug 
or red spider. * Mqst plants are unaffected even 
by the larger quantity. Since about 1918 
98 p.c. hydrocyanic aeul has been placed on the 
market for tho fumigation of orange trees ; 
formerly the acid was always generated on the 
spot, from sodium cyanide and sulphuric acid. 

The constitution of hydrocyanic acid has been 
the subject of much discussion arising largely 
from the observation that the reaction of 
potassium cyanide with an ester yields a nitrile, 
lt-CjN, as principal product, whereas silver 
cyanido yields a carbylannne, R— N : C. On 
the hypothesis that the salts are formed by the 
substitution of an atom of metal for an atom of 
hydrogen without change of position, and that 
the alkyl derivatives are formed similarly, it is 
of courso necessary to suppose that the hydrogen 
in hydrocyanic aeul may be united either with 
carbon or with nitrogen The cyanides are, 
however, in all probability more complex 
substances ; silver cyanide, from its mode of 
formation, is probably silver dicyano argentaate, 
Ag[Ag(CN) J, and the reaction with methyl 
iodide is similar to that of silver ferrocyanide 
(described above) leading to the well- crystallised 

substance j, which, like the corre- 

sponding ferrocyanide, splits off mothyl carbyl- 
amine when heated or when acted on by a 
solution of potassium cyanide (see, for example, 
H. Guillemard, Ann. Chim. Phys. 1908, [8] 
14,311). 

The properties of hydrocyanic acid itself, how- 
ever, leavo little doubt that it is formonitrile ; the 
isomeric substance H\N:0, has not been isolated. 
Like the nitriles, hydrocyanic acid is hardly 
affected by dilute mineral acids (it is frequently 
separated quantitatively by distilling a<jid 
solutions) ; the carbylamines axe violently 
decomposed. Anhydrous hydrocyanic acid a»d 
the nitriles do not dissolve silver cyanide, whilst 
the carbylamines dissolve it very readily. Ill 
its high dielectric constant, solvent and dis- 
sociating powers and physiological action hydro- 
cyanic acid also resembles the nitriles rather 


the carbylaminee (Wade, Ohem. Soc, 
Trans. 1902, 1613). 

The Pbincepal Cyanides. 

Potassium cyanide KCN crystallises in 
anhydrous, colourless octahedra from aqueous 
solutions, or in cubes when the fused salt solidi- 
fies ; sp.gr. 1 '52. It melts at a dull red heat, 
and volatilises without decomposition at high 
temperatures It is readily soluble in water ; 
the saturated solution contains 122 2 grams of 
KCN to 100 grams of water at its boiling-point 
(103 ’3°). At 19*5°, 100 grams of absolute 
alcohol dissolvo 0*88 gram, 100 gr. methylalcohol 
dissolve 4*91 grams (Landolt, Bbmstein and 
Meyerhoffer, Tabellen, Berlin, 1905). It is 
moderately soluble in anhydrous ammonia at 
—38° (Franklin and Kraus, Amer. Chem. J 
1898, 29, 820). It deliquesces in moist air. 

Sodium cyanide NaCN crystallises from the 
fused liquid in apparently cubic crystals ; from 
aqueous solutions below 35° largo colourless 

S lates of the hydrate NaCN,2H 2 G are deposited. 

oannis (Ann. Chini. Phys. 1882, (5| 26, 484) 
obtained a hvdrato NaCN,|H 2 () from cold 
85 p.c. alcohol. F. Roessler (Eng. Pat. 279, 
1899) showed that the hydrate NaCN,2H 2 () 
decomposes at 33° (34 '7° according to the 
writer’s measurements) into tho anhydrous salt 
and a saturated solution, about 40 p.c. of the 
sodium cyanide separating in the anhydrous 
state. The solubility of tho hydrato (in grams 
of NaCN to 100 grams of water) is, 35 4 at —20° ; 
43*4 at 0° ; 58 '3 at 20° and 82 at 34 '7°. Tho 
solubility of the anhydrous salt is almost inde- 
pendent of the temperature (82 grams per 100 
grams of water). Sodium cyanide appears to be 
more solublo in ethyl nnd methyl alcohol and 
anhydrous ammonia than tho potassium salt. 
The sp.gr. of aqueous solutions of sodium 
cyanide at 25° is given by the expression 
1+0 '00534??, whero p is tho percentage of 
NaCN. Sodium cyanide (96 p.c.) molts at 540°. 
The pure salt, when heated in a glass tube so as 
to be out of contact with metals, in a current of 
dry air free from carbon dioxide, remains 
entirely unchanged at temperatures up to 
370° ; if, however, it is in contact with iron or 
nickel, or if traces* of the oxides of theso metals 
are added to it, oxidation proceeds rapidly, 
oyanate and carbonato being formed and carbon 
dioxide evolved. Tho carbonate is formed by 
the oxidation of the cyanate, which is the 
primary product. Sodium cyanate behaves 
towards oxygen in exactly the same way as the 
oyanide ; it is quite unaffected by dry air (free 
from C0 a ) even at 400°, but when mixed with 
1 p.c. of nickel oxide it oxidises rapidly ; thus ; 
2NaCN0+30=Na 2 C0 2 +C0 2 +N a 

(writer’s unpublished experiments). 

Sodium cyanide absorbs moisture with great 
avidity from ordinary moist air. The writer 
has found that it takes up water from purified 
air saturated with aqueous vapour at 20° at all 
temperatures below 44°, but not at higher 
temperatures. This is of importance in sampling 
and analysing the salt. 

Dilute solutions of potassium or sodium 
oyanide decompose slowly in contact with the 
lews being due to evaporation of the 
;%tiw>cy a nio acid formed by hydrolysis, which 


i permits the decomposition to proceed further ; 
absorption of carbon dioxide acts in the same 
direction by neutralising the caustic alkali. 

Liebig’s statement that metallic iron is dis- 
solved by hot solutions of potassium or sodium 
cyanide with evolution of hydrogen is true 
of the finely divided metal, but iron vessels 
may be used for years for boiling concentrated 
solutions of cyanides without requiring repair, 
and iron tanks are regularly used in tno treat- 
ment of gold ores with cyanide solutions. 

With the exception of lead and platinum, all 
ordinary metals are dissolved by cyanide solu- 
tions in presence of oxygen. 

Zinc is Blowly dissolved without oxygen, but 
if a piece of zinc is half immersed in a cyanide 
solution, it is eaten through at the surface of 
tho liquid before any appreciable action has 
taken place on the submerged portion. 

Alkali cyanides yield ammonia and a 
formate when boiled with water or treated 
with Btrong sulphuric acid; in the latter cam * 
tho formic acid produced is at oneo decomposed 
into carbon monoxide and water. 

Mercuric cyanide Hg(CN) 2 was first prepared 
by Scheele, in 1782, by boiling Prussian blue 
with mercuric oxide, and, in 1783, by dissolving 
mercuric oxide in hydrocyanic acid’ and evapo- 
rating to crystallisation. He also found that 
mercurous salts, when treated with Boluble 
cyanides, yield mercuric cyanide and metallic 
mercury. The decomposition of the ferro- 
cyanides, as already mentioned, depends on 
the extremely small electrolytic dissociation 
of mercuric cyanido in aqueous solution. For 
the same reason, it is not decomposed by caustic 
alkalis, and hydrocyanic acid can only be ex- 
pelled from it by boiling with a strong acid. 
The concentration of the mercury ions is, how- 
ever, sufficient to permit of the precipitation of 
the extremely insoluble mercuric sulphide by 
sulphuretted hydrogen. 

Mercuric cyanide crystallises in anhydrous, 
colourless crystals of sp.gr. 4'0. The saturated 
solution contains 93 grams per litre at 20°, 
111 grams per litre at 25° ; 1 00 grams of absolute 
alcohol dissolve 10*1 grams of it at 19'5°, and 
100 grams of absolute methyl alcohol take up 
44 2 grams at 19*5°. 

Small quantities of mercuric cyanide are 
sometimes used in addition to alkali cyanide in 
the treatment of ores containing silver sulphide 
(Clennel, Cyanide Handbook, London, 1910, 
297), *the dissolution of which is accelerated, 
probably owing to the formation of mercuric 
sulphide : 

Hg(CN) 2 + Ag 2 S + 2KCN = HgS +2KAg(CN) a 

Calcium cyanide has never been prepared in 
tho pure state. An aqueous solution of lime in 
hydrocyanic acid decomposes completely into ite 
constituents when boiled (Scheele). By evapor- 
ating such a solution in mevd, Joannis obtained 
a crystalline compound, SOaO'CafCN^.lSHjO, 
'which decomposed completely in a vacuum, 
leaving nothing but lime. Dry reactions, at high 
temperatures, yield calcium cyanamide, but no 
oyanide. 

Barium cyanide Ba(CN) 2 . When a concen- 
trated solution, made by adding hydrooyiBiie-; 
acid to baryta in thlbretical quantities, ; ; jr> 
evaporated in vacud, crystals of the hydrate 
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Ba(0N)„2H,0 are deposited (A. Joannis, Ann. 
Chim. Phyfl. [6] 20, 484, 1882). This is a very 
deliquesoent substanoe which, when dried in 
vaciid over sulphuric acid, yields an amorphous 
monohydrate which can be completely dehy- 
drated by heating it very gradually to 100° in 
a good vacuum. The writer has failed to obtain 
a pure product in this way. Some 7 or 8 p.c. of 
the hydrocyanic acid escapes during evaporation, 
and the product contains a corresponding quan- 
tity of barium hydroxide. By drying pure 
Ba(0H) a ,8H 2 0 in a good vacuum at 100 u , a very 
finely divided powder of Ba(OH) 2 is obtained 
which is suspended in dry light petroleum and 
treated with a small excess of dry hydrocyanic 
aoid also mixed with light petroleum. In this 
way, the solid hydrated barium cyanide is 
obtained without evaporation : 

Ba(OH) a -f 2HCN =Ba(CN) i ,2H,0 

When dehydrated m wcu6, it still contains a 
«lifctle hydroxide, but by shaking it with a little 
hydrocyanic acid and light petroleum and again 
drying, practically pure anhydrous barium 
oyaniae is fairly cosily obtained. 

By saturating a solution of baryta in methyl 
alcohol with hydrocyanic acid, a compound 
Ba(CN)(OOH 3 )+OH 8 OH is obtained, which, 
when heated, first loses methyl alcohol and then 
methyl ether, leaving BaO-f Ba(CN), (Drechsel, 
J. pr. Chem. [2] 21, 77, 1880). 

Dry methods of preparation yield mixtures 
of cyanide and oyanamide. When barium 
ferrocyamde is boated it begins to decompose 
about 600°, yielding a mixture of barium 
cyanide and oyanamide (with carbon and iron) 
in which nearly 00 p.c. of the nitrogen is in the 
form of oyanamide, practically the same product 
as that obtamed by the action of nitrogen on 
barium carbide. Even the action of cyanogen 
on barium amalgam yields a mixture (Droehsel), 
the reason being that banum cyanide decom- 
poses into barium cyanamide and carbon, thus t 
J8a(CN) 2 — BaCN 2 +C. The change is very 
slow at 500° to 600°, but it is accelerated by 
iron (Ewan and Napier, J. Soc. Chem. lnd. 1913, 
32, 407). 

Barium cyanide is oolourless ; 100 grams of 
cold wator dissolve about 80 grams of it (Joannis). 
It melts about 000°. It is distinctly volatile, 
even at its melting-point, but when mixed with 
barium oxide it is much less so. 

Sliver cyanide AgCN. The precipitate ob- 
tained by adding excess of silver nitrate to a 
solution of a soluble cyanide is probably the 
silver salt of the complex acid H[Ag(CN) a l. 
The solubility of silver cyanide in pure water 
lies between those of the chloride and sulpko- 
cyanide, as the following table shows : — 

Solubility at 26° in 
gram-molB . per litre 
Agl 001 X 10- « 

AgBr 0*81x10-“ 

AgSCN 1*08x10-“ 

AgCN 4*40 x 10-® 

AgCl 14*10 X10- 6 

It is hardly attacked by cold dilute nitric acid, 
but is decomposed quantitatively on boiling 
(Plimmer, Chem. Soc. Proc. 1903, 286). When 
dry silver' cyanide hi heated about one-half 
of the CN is given off in the form of 


oyanogen C,N a . Further heating in presence 
of oxygen yields a residue of metallic silver, 
which usu&llv contains a little carbon. It is 
slightly soluble in a solution of hydrooyanio 
acid, forming the unstable acid HAg(CN)* It 
dissolves very readily in alkali cyanides to salts 
such as KAg(CN) 2 , in which the silver is con 
tained in the complex anion Ag(CN) / 2 . Owing 
to the excessively Bmall dissociation of this 
anion, all silver salts except the sulphide are 
dissolved by cyanide solutions, and in presenoe 
of oxygen, metallic silver and the sulphide are 
alBO dissolved. 

Gold cyanides. Aurous cyanide and the 
soluble aurocyanides are of technical im- 
portance. The former, AuCN, a yellow cry* 
stallino powder, insoluble in water and acids, 
is formed by the action of hydrocyanic acid 
on auric hydroxide. It is readily soluble in 
solutions of alkali or alkaline-earth cyanides, 
yielding aurocyanides such as KAu(CN) a . A 
solution of the potassium salt, which is used for 
electroplating with gold, is readily obtained by 
precipitating a solution of gold chlorido witn 
ammonia and dissolving the fulminating gold in 
a solution of potassium cyanide, or by precipi- 
tating gold chloride with magnesia, dissolving 
out the excess of magnesia in the precipitate 
with nitric acid, and then dissolving the auric 
hydroxide m potassium cyanide as before. 

Potassium aurocyanide is also formed when 
gold is dissolved in a solution of potassium 
cyanide in presence of oxygen or other oxidising 
agent : 

4KCN+2Au-f O-f H 2 0=2KAu(CN) i -f 2KOH 
(Clennel, Cyanide Handbook, 1910, 10-32 gives 
a full account of the discovery of this reaotion.) 

The dissolution of metallic gold is primarily 
due to the great stability of the aurocyanogen 
ion Au(CN)/. Metals, like all other substances, 
have a tendency to dissolve m water. In 
contact with its aqueous solution, a salt will 
dissolve if the solution is unsaturated, or crystal- 
lise out if it is supersaturated. Metals behave 
similarly, with the important difference that they 
dissolve in the form of positively charged ions, 
so that when a metal is placed in contact with a 
solution containing fewer of .its ions than corre- 
spond with equilibrium, it gives out positively 
charged atoms, becoming itself negatively 
charged, until the electrical attraction stops 
further change, and vice vend. In this way, 
a definite potential difference always arises 
between a metal and a solution of it, the sign 
and magnitude of which depend on the nature 
of the metal and on the concentration of the 
positively charged ions of the metal in the 
solution. 

In order for a metal to dissolve at all, therefore, 
it is neoessary that the solution shall contain less 
than the saturation quantity of positive ions; 
and for the dissolution to continue, the positive 
charges of the ions and the negative charge of 
the metal must be got rid of in some way. 

These conditions are fulfilled in the ease of 
the dissolution of gold in a cyanide solution 
containing oxygen, because the dissociation of 
the complex ion, Au(CN)' a ^ Au*-f2CN / is 
extremely small, and solutions of it therefore 
contain infinitesimal quantities of gold ion, and 
further the electrical charges proouoed by the 
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dissolution of the gold we removed by the 
reactions : 

Au-+2(CN)'«Au(CN)' 
and 0+H 1 0+2(-)-20H / 

the result of which, written in the ionic form, is 
4K‘+4(CN)'-j-2Au*-f-0 f H»0+2(-) 

=4K*+2Au(CN) a '+ 20H' 

The potential difference between a metal like 
zino (Vdiioh has a greater tendency to dissolve 
than gold) and a cyanide solution is much greater 
than the natural potential difference between 
gold and the solution ; hence gold ions are drawn 
out of the solutions to the zinc, where their 
positive charges are neutralised by the negative 
charge of the zino. This' disturbs the equili- 
brium between zinc and the solution and also 
betweon aurocyanogen ions and gold ions, 
causing fresh quantities of zinc to dissolve and 
of aurocyanogen ions to dissociate, processes 
which continue until tho whole of the gold is 
precipitated. 

As W. Fkey (Trans, and Proc. New Zealand 
Inst. 8, 334, 1870) first showed, gold in cyanide 
solutions is electro-positive to silver and silver 
to mercury, so that gold will precipitate silver 
and mercury from their solutions m cyanides. 
This has been confirmed by Bodlander (Ber. 1903, 
36, 3933). This revorsal of the usual order is, 
as will be understood from tho above explana- 
tion, due to tho increasing stability of the 
mercury, silver, and gold complex cyanogen 
ions. 

It is of interest to note that most of the 
minerals which accompany gold in its ores are 
electro-negative to gola in cyanide solutions, and 
therefore accelerate its dissolution in the wav 
which is familiar in tho solution of zinc in sul- 
phuric acid in presenco of copper or platinum. 

. Barium plaiinocyanlde BaPt(CN) 4 .4H 2 0 is 
most readily made by electrolysing a solution 
of barium cyanide (270 grams per litre) with 
platinum electrodes and an alternating current 
(0‘4 ampere per sq. cm.), about 0-0 gram 
platinum is dissolved per ampere hour. After 
removing the excess of barium by C0 2 the solu- 
tion is concentrated to crystallisation (A. 
Broohet and .T. Petit, Bull. Soo. chim. 1904, [3] 
31 , 030). The salt crystallises in monoclinic 
prisms, which are yellow by transmitted, violet- 
blue by reflected, light. It dissolves in 33 parts 
of water at 10°. By recrystallisation from a 
solution containing barium oyanide it is obtained 
in small crystals which are highly fluorescent 
when exposed to X-rays, and are suitable for 
making fluorescent screens for X-ray work. 

Copper Cyanides, When potassium cyanide 
is added to the solution of a cupric salt, a 
brownish precipitate of cupric cyanide Cu(CN) 2 
is produced, which gradually evolves cyanogen, 
changing into green cupric cuprous cyanide. 
When heated, this loses a further quantity of 
Cyanogen and yields white cuprous cyanide 
CuGN, the constitution and reactions of which 
appear to resemble those of silver cyanide. 

Cuprous cyanide is soluble in solutions of 
potassium cyanide, about 2| molecules of KCN 
being required to dissolve 1 molecule of CuCN ; 
th® solutions contain the complex anions 
£u(CN)*" and Cu(CN) 4 "' (Kunschert, Zeitsoh. 
gnggg Chem. 41, 359, 1904). These anions are 
to little dissociated into copper ions that sul- 


phuretted hydrogen will not produce a precipi- 
tate in the solutions, and therefore copper itself 
(in presence of oxygen) and all its compounds dis- 
solve readily in cyanide solutions. Solutions of 
the sodium or potassium oupro-oyanides are used 
in the electro -deposition of copper on iron. 

Zinc cyanide Zn(CN), is a white substance, 
insoluble in water, but soluble in acids and in 
cyanide solutions. It is not easily prepared in 
a perfectly pure condition, because water de* 
composes it partially. When dry it is very 
stable, decomposing only at a bright-red heat. 

The complex salt potassium zinc cyanide 
K s Zn(CN) 4 crystallises in large well-formed 
octahedra from aqueous solutions ; 100 grams 
of water at 20° dissolve 11 grams of it. It is 
anhydrous, and may be fused at a red heat 
without decomposition. The sodium salt 
NaZn(CN) 9 ,2£H 2 0 is very readily soluble in 
water. The complex zinc cyanogen ions are 
much less stable than those containing copper, 
gold, silver, and mercury ; a small excess of an 
alkali sulphido precipitates the zinc cord* 
pletely. 

Cyanogen (Ger. Cyan ) C 2 N a was dis- 
covered by Gay-Lussac. It is prepared by 
heating perfectly dry mercuric cyanide at a dull 
red heat, Hg(CN) 2 =Hg-f C 2 N 2 . A part of the 
cyanogen is always polymerised to dark-brown, 
non-volatile paracyanogen. Paracyanogen ap- 
pears to be the stable form at ordinary tempera- 
tures, at high temperatures it is converted into 
cyanogen. The velocity of the change is very 
small at temperatures below 300°, so. that 
cyanogen gas can exist in tho cold without 
change. 

Cyanogen itself is a gas which burns with a 

S h- blossom -coloured flame. Liquid cyanogen 
at —20-7° under atmospheric pressure and 
freezes at —34-4°. Its critical temperature and 
pressure are 128 '3° and 59-6 atmos. respectively 
(Cardoso and Baume, Compt. rend 1910, 161, 
141). Its heat of formation from graphite and 
nitrogen is 70,000 cals, per molecule. Water 
dissolves 4 ’95 times its volume of the gas at 0°. 
At 1 8° the dissolved cyanogen is hydrolysed to 
hydrocyanic and cyanic acids, the latter yielding 
ammonia and carbon doxide so that no definite 
solubility is observed (Naumann, Zeitsch. Elek- 
trochem. 16, 772, 1910). Alter some time the 
solution deposits dark brown azulmic acid and 
contains also oxalic acid and urea. Cyanogen 
dissolves in caustic alkalis, yielding cyanide and 
cyanate : 2KOH+C 2 N,=KCNO-f KCN+ H.O. 
Silver titrate solution has no action on it. By 
means of these twq reactions, it may be separated 
from hydrocyanic acid and estimated quantita- 
tively in mixtures of the two gases (Wallis, Anna- 
len, 345, 353, 1900). Cyanogen is very poisonous. 

A knowledge of the exact conditions under 
which cyanogen can be formed from its elements 
is of interest in the theory of several technical 
processes for the manufacture of cyanides. 

Wallis loc. cit. has shown that the electrio 
•arc burning between electrodes of very pul© 
carbon in an atmosphere of nitrogen produce© 
no cyanogen at all, H. v. Wartenberg 
(Zeitsch. anorg. Chem. 52, 290, 1907) pointed 
out, - however, that a very intense cyano- 
gen spectrum is seen, and that carbon is <!©#■ 
posited at some distance ffom the are, Nernstfa 
theorem indicates that very considerable 





quantities of cyanogen should exist in ©qufli- | 
brium with carbon Mid nitrogen at the tempera- 1 
tore of the aro : 

Per cent. 0,Nj In the gas 
Temperature calculated from Nemst’s theorem 
2000 ° 0*01 
2500° 0-9 

3000° 17-0 

3260° 45 , 0 

The probable explanation is that cyanogen is 
essentially unstable at low temperatures ; that 
it can exist at all is due to an excessively slow 
rate of decomposition. Berthelot (Force des 
Matibres Explosives, Paris, 1883, 113) has 
shown that it can be detonated by mercury 
fulminate, and, whon heated, its rate of de- 
composition becomes measurable at 1200°. 
v. Wartonberg supposes, therefore, that cyano- 
gon is really formed at the high temperature, but 
that it decomposes again completely before it 
oan cool to temperatures at which it can con- 
tinue to exist. It is obvious from the figures 
given above that the direct union of carbon and 
nitrogen to cyanogen can play no part in the 
formation of cyanides in processes which are 
carried out at ordinary furnaco temperatures. 

Cyanogen chloride CNC1 is formed by the 
action of chlorine on mercuric cyanide (Serullas, 
Ann. Chim. Phys. 1827, 35, 291), zinc cyanide 
(A. Held, Bull. Soc. chim. 1897, [3] 17, 287), or 
aqueous hydrocyanic acid (llerthollet, 1787 ; 
A. Wurtz, Annalen, 1847, 54, 367). Alkali 
cyanides are unsuitable, because, oxcept in 
cold, very dilute solutions, they react violently 
with cyanogen chloride, yielding dark-brown, 
amorphous produots. The preparation of cyano- 
gen chloride in considerable quantities is de- 
scribed by T. S. Price and S. J. Green (J. Soc. 
Chem. Ind. 1920, 39). A 12 to 15 p.c. solu- 
tion of pure hydrocyanic acid is troated with 
chlorine at .about 40°, the slow absorption of 
chlorine is hastened by injecting it into the 
solution of a finely divided condition through 
porous earthenware. The cyanogen chloride, 
distils off as it is formed, together with hydro- 
cyanic acid, the product containing 10-20 p.c. 
of the latter. It is purified by retreatment 
with chlorine, or by shaking it with zinc oxide, 
which removes hydrocyanic acid almost com- 
pletely. Hydrochloric acid is removed by 
distillation over sodium bicarbonate. 

Cyanogen cliloride is a colourless liquid, 
which boils at 12-66°, 760 mm., and solidifies at 
—8°. Its vapour pressure (mm.) is: 68 3 at 
—30° ; 148-2 at -20°; 270*5 at -10°; <4411 
at0° ; 681-9 at 10°; 1001-9 at 20°; 1427-4 at 
30°; 1988-0 at 40° 2719*3 af 50°; 3664-2 at 
60; 4873-2 at 70° (Regnault). The vapour 
attacks the eyes violently. The cold, saturated 
aqueous solution contains about 6 p.c, 0NC1. 
The heat of formation of liquid CNC1 from its 
elements is —26-9 cals, per molecule. Dry 
cyanogen chloride may be preserved indefinitely 
when pure ; in presence of hydrochloric acid 
it polymerises to cyanuric chlorido C^N.Clj,. 
Aeneous hydrochloric acid (stronger than about 
^ hydrolyses it thus ; 

CNO+2H t O«NH 4 Cl-f CO, 

ItB behaviour towards alkalis is the Bame as 
that oi cyanogen bromide described below. 

add hardly Attacks it in the cold, 


and it is without action on snob as iron 

and copper, at ordinary temperatures. 

Cyanogen bromide CNBr. A solution con- 
taining cyanogen bromide in addition to a 
cyanide dissolves gold more rapidly than one 
containing cyanide alone (Sulman and Teed, 
Eng. Pat. 18592, of 1894 ; and J. Soc. Chem. Ind. 
1897, 961). Cyanogen bromide is therefore used 
in the treatment of a few refractory -ores, the 
West Australian tellurides especially. The final 
result of the reaction is expressed by the equa- 
tion : 2Au-(- 3KCN+ BiCN=2KAu(CN) t + KBr. 

Cyanogen bromide is formed by the action 
of bromine on a cyanide or on hydrocyanic acid. 
Owing to the difficulty of transporting either 
bromine or cyanogen bromide, it is always pre- 
pared at the place where it is to be used by 
liberating bromine from a mixture of a bromide 
and a suitablo oxidising agont by the addition of 
sulphuric acid, and then adding a concentrated 
solution of an alkali cyanide. By the use of a 
suitable quantity of the oxidising agent, the 
whole of the bromine is utilised ; with Bodium 
bromato, for example, the reaction is (C. Gopner, 
Zcitsch. angow. Chem. 1901, 14, 355) : 
2NaBr+NaBr0 3 +3NaCN+3M 2 S0 4 

=3Na 2 S0 4 -f 3BrCN+ 3H 2 0 

Cyanogen bromide is a colourless, crystalline 
substance, which melts at 52° and boils at 61° ; 
100 grams of water dissolve from 5 to 6 grams 
of it at the ordinary temperature. It has an 
intensely irritating effoct on the mucous mem- 
branes and oyea, and is said to be very poisonous. 
The perfectly pure substance can be kept 
without change, but traces of bromine (or 
hydrobromic acid) cause it to polymerise rapidly 
to cyanuric bromide, partial decomposition 
always occurring. It is very slowly decomposed 
by water; CNBr-f H 2 O=HCN0-f HBr, the 
cyanio acid decomposing further to ammonia 
and carbon dioxide. Caustic alkalis bring about 
the same change instantaneously, alkali car- 
bonates much more slowly, and bicarbonates 
have no aotion at all. Cyanogen bromide and 
potassium cyanide react in aqueous solution, 
yielding cyanogen ; thus : 

CNBr -f KCN = KBr -f C 2 N » 

(private communication from Mr. ( 3 . J. Ellis). 
In solutions containing 0'2 to- 0*8 p.c. of potas- 
sium cyanide and 0‘1 to 0 2 p.c. of cyanogen 
bromide, the latter is completely decomposed in 
from 3 to 6 hours at the ordinary temperature. 

In aqueous solution cyanogen bromide reacts 
with hydriodic acid and with sulphuretted 
hydrogen according to the equations ; 

CNBr-f2HI=HCN-f HBr-f-J, 
and CNBr -j- H 2 S =HCN + HBr -f S 

The first reaotion provides a convenient method 
for the quantitative estimation of cyanogen 
bromide. Chattaway and Wadmore (Chem. 
Soc. Trans. 1902, 191) have shown that these 
reactions are characteristic of compounds ill 
which the halogen atom is directly linked with 
nitrogen, and that cyanogen bromide therefore 
has the constitution C : N.Br. 

Cyanamlde NH 8 *CN was first prepared by 
the action of ammonia on an ethereal solution 
of cyanogen chloride (CloSz and Cannizzaro, 
Compt. rend. 1851, 32, 62) ; ammonium chloride 
crystallises out and cyanamide remains when 
the ether is evaporated. The same reaction 




occurs in aqueow MlcitiarL The formation of 
the disodium salt, Na,CN„ by the action of 
sodamide on carbon or on aodntm cyanide has 
already been described, The same substance 
is also produoed when sodamide acts on sodium 
cyanate, sodium carbonate or carbon dioxide at 
a low red heat ; it is also formed when either 
sodium cyanate or sodium cyanide is fused with 
sodium hydroxide. 

The calcium and barium salts, CaCN 2 and 
BaCN t , may be preparod from nitrogen and 
the carbides, by heating the corresponding 
ferrooyanide or by heating the carbamates or 
cyanates to redness (Drechsel, J. pr. Chom. 
1877, [2] 16, 188 ; 1880, [2] 21, 77) thus : 

Ca(OCONH 2 ) 8 =CftCN a +2H a O+CO a 
and Ca( OCN ) 2 = CaCN 2 -f CO 2 

Cyanamide is also obtained by the action of 
mercurio oxide on a solution of thiourea : 

0StNH a ) a +HgO=NH 2 CN+HgS+H 2 O 
Several guanidine derivatives yield cyanamide 
when boiled with water or alkalis, for example, 
nitroso guanidine decomposes thus : 

/NH 2 /NH a 

C:NH = OjN -fNjj-f-HoO 
\NH.NO " " 

(Thiele, Annalcn, 1893, 273, 136). 

Cyanamide is easily prepared from the di- 
sodium salt by neutralising its cold, aqueous 
solution with nitric acid, and evaporating to 
dryness on the water bath in a vacuum ; tho dry 
residue is extracted with ether. Werner (Chom. 
Soo, Trans. 1916, 1323) describes a convenient 
method of preparing it from the readily accessible 
“calcium salt ; 100 grams arc mixed with 126 gr. 
of acetic acid and 120 gr. of water, the mixture 
well kneaded and left for 24 hours. Tho friable 
mass is then powdered and extracted with ether in 
a Soxhlet apparatus. Yield 94-96 p.o. of theory. 

Cyanamide forms colourless, deliquescent 
orystals which melt at 43°-44° (E. Colson, Chem. 
Soc. Trans. 1917, 555), it is readily soluble 
in water, alcohol and ether, very sparingly 
soluble in carbon disulphido, benzene, and 
chloroform. When heated it polymerises very 
readily to dicyanodiamide, NH 2 .(C:NH).NH.CN, 
it boils at 140° at 19 mm., much melamine 
being left bohind ; the neutral aquoous 
solution possesses considerable stability, 
but polymerisation occurs in presence of 
either acids or alkalis. The process has 
been studied carefully by Morrell and 
Buigen (Chem. Soo. Trans. 1914, 576) and by 
Grube and Kruger (Zeitsch. phys. Chem. 1914, 
80, 65), who find that in alkaline solutions the 
reaotion takes place between undissociated 
cyanamide molecules and cyanamido ions, 
ItgONj 4- HCN/= H 3 C 2 N 4 '. Therateof polymeri- 
sation is therefore a maximum when one-half 
of Che oyanamide is in the ionised form, a 
condition which iB practically attained when a 
quantity of a strong base (soda or lime) equiva- 
lent tit one-half of the oyanamide is added, the 
Saits of a weak base such as ammonia being 
lastly hydrolysed, the necessary concentration 
of cyan amide ion is not readily attained, and 
weak bases, therefore, have a much smaller 
polymerising action than strong ones. 

The action of aoids is more .complicated, 
ps^rmerwation and hydrolysis to urea occurring 


angew. Chem. cyanamide, treated 

with 10 to 20 p,c. sulphuric acid, is converted 
almost wholly into urea at the ordinary tempera- 
ture, whereas near the boiling-point polymeri- 
sation predominates. In acid solutions the 
reaction is further complicated by the hydrolysis 
of the dicyanodiamide to dicyanodiamiaine 
NH 3 ‘(C:NH)NH*CN+H 2 0 

=NH 2 (C :NH)NHCONH f 
a strong base which neutralises the acid. 

Cyanamido is an extremely weak acid, its 
dissociation constant, for H 2 CNo==H - +HCN/ 
is of the order 10- u (Grube and Kruger). The 
sodium salt NaHCN 2 crystallises from a solution 
of cyanamide in absolute alcohol when sodium 
ethylate is added to it, but the salt Na„CN a 
can only be prepared by one of the dry 
fusion methods mentioned above. Tho calcium 
salt CaCN a also decomposes when treated 
with water yielding a solution of Ca(HCN a ) a , 
Tho silver salt Ag 2 CN 2 is a canary-yellow 
precipitate obtained by adding a solution of* 
silver nitrate to a dilute ammoniacal solution 
of cyanamide ; it is readily soluble in cold 
dilute nitric acid. The load Balt PbCN a is an 
orange-yellow precipitate. Cyanamide, also com- 
bines with acids ; a white crystalline substance 
H 2 CN 2 *2HC1 is formed when dry hydrochlorio 
acid is passed into a solution of cyanamide in 
dry ether (Mulder and Smit, Ber. 1874, 7, 1634). 

Cyanic acid HCNO is prepared by distilling 
cyanuric acid (Wohler) or by warming urea 
with phosphorus pentoxido (Weltzien, Annalen, 
1858, 107, 219) and condensing the vapour at 
— 18°. It is a volatile liquid, the smell of which 
resembles that of Btrong acetic acid. It is 
extremely unstable, changing rapidly even at 
0° into the white amorphous polymeric sub- 
stance eyamelido. The solution in dry ether 
is comparatively stable. The interesting re- 
lationship of cyanic acid HCNO, cyanuric acid 



Temperature. 


(HCNO) 8 , and cyamelido (HCNO)*, has been 
studied by Troost and Hautefeuillo (Compt. rend. 
1868, C7, 1340), van’t Hoif and van Deventer 
(Studies in Chem. Dynamics, 1896). The dia- „ 
gram represents the approximate relative post- ' 
tions of the vapour pressure curves of oyanicacid 
(HCNO), cyanuric acid (HCNO) s , and cyamelide 
(HCNO)*, all of which yield the same vapour. 

(The few points detewnined experimentally 
are indicated by small circles.) At the triple 
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point a (150° and 50 mm.) the two solid phases 
ojrameliae and oyanurio acid ooexist together 
with the vapour phase. Above 150° cyanurio 
acid is the stable phase (vapour pressure curve 
AO), at lower temperatures cyamelide (curve fab) 
is stable. The position of the vapour pressure 
curve of cyanic acid itself (very roughly indicated 
by de) shows that cyanic acid is quite unstable 
relatively to cyamelide. If the curve de cuts 
the ourve ab and ao the points of intersection 
would represent the melting-points of cyamelide 
and cyanuric acid respectively. They obviously 
lie at temperatures at which these substances 
decompose. 

In aqueous solution cyanic acid is hydrolysod, 
slowly in cold dilute solutions, rapidly when 
warmed, to ammonia and carbon dioxido, 

hcno+h 2 o=nh 3 +co 8 . 

The formation of cyanates by the action of 
cyanogen on alkalis, by oxidation of cyanides 
by the action of alkalis on cyanogon bromide, 
and from carbon monoxide and ammonia, has 
Already been described. 

Ammonium cyanate NH 4 *CNO is prepared 
in the form of a whito snow, by mixing the 
vapours of cyanic acid and ammonia well 
diluted with ah indifferent gas. When warmed 
it is converted into urea NH 4 CNO==CO(NH 2 ) 2 . 
The same reaction occurs in aqueous solutions, 
in which, however, it is reversible, 3*2 p.c. of 
the cyanate remaining unchanged at 32° and 
65 p.c. at lOO 1 (Walker and Hambly, Cherri. Soc. 
Trans. 1895, 740). 

Potassium and Sodium cyanates KCNO and 
NaCNO are easily prepared by grinding to- 
gether the dry cyanides and the theoretically 
necessary quantity of lead oxide, and hoating 
the mixture gently until the lead is melted. 
The salt is then recrystallised from water or 
dilute alcohol. According to Paterno and 
Pannain (Gazz. chim. ital. 1904, 34, ii. 152) 
when a solution of 4 to 6 mols. KCN and 1 mol. 
KOH per litre is electrolysed with 4-6 volts and 
1-4 amps, per sq. dcm. of anode surface and 
the solution at the anode agitated, the cyanide 
is oxidised almost quantitatively to cyanato. 
J. Milbauer (Zeitsch. anorg. Chem. 1904, 42, 
433) observed that potassium Bulphooyanide, 
when heated at 300 4 with lead oxide, gave 
cyanate thus .* KSCN + PbO = KCNO + PbS. 

The decomposition of the alkali cyanates at 
high temperatures and their reduction by carbon 
are described above. 

Potassium cyanate crystallises in thin«>trans- 
parent plates of sp.gr. 2 '05, readily soluble in 
water, and anhydrous ammonia, insoluble [in 
absolute alcohol, and fusible without decompo- 
sition below a red heat. 

> Sodium cyanate. 100 grams of water at 16° 
dissolve 10*68 grams; it fuses without decom- 
position about 500°. Lead cyanate is a crystal- 
line precipitate, which is formed when solutions 
of a soluble cyanate and of a lead salt are mixed. 
The dry salt is stable, but it decom posts when, 
boiled with water, yielding urea and lead 
carbonate. 

Silver cyanate is very slightly soluble in cold 
water, 100 c.o. at 12° dissolve 0 006 gram., but 
it is muoh more soluble in hot water. It is 
readily soluble in aqueous ammonia, and sparingly 
soluble in oold dilute nitric acid. 


SulphoeyinMes or Thiocyanates, (Ger. 
Rhodanidc or Schwefekyanide,) 

At the present time sulphocyanides are ob- 
tained exclusively from the nydroeyanio acid of 
coal gas, but a modification of G&is’ synthetic 
process was working in 1907. 

A. W. Hofmann (Reports by the Juries, 
Inter. Exhib. of 1862, 69-63), said that at that 
time ammonium sulphocyanide obtained by 
washing the spent oxide of gasworks was only 
treated to recover its ammonia, the sulpho- 
cyanide being thrown away. In 1863 P. 
Spenoe (Eng. Pat. 2364 of 1863 (provisional 
only)) proposod to separate the sulpnocyanides 
in gas liquor (after distilling off the ammonia) 
in tho form of cuprouB sulphocyanide by adding 
copper and forrous Bulphates, and the idea has 
been revived in various forms since that time, 
but it does not appear to have become of any 
importance. Gas liquor is really a very dilute 
solution of sulphocyanide, as the following 
figures, calculated from Linder’s analyses of 
various English gas liquors (Chief Inspector of 
Alkali Works, 42nd Rep. 1905, 35), show : — 

Grama per litre 
1 2 8 4 5 

HON as ferrocyanide . 0 068 () 0‘. r >76 0*460 0 

HCN as sulphocyanide . 1*688 4*457 1*238 1*029 1*042 

HCN as hydrocyanic acid 0*080 0 0.030 0*050 0*355 

These liquol-s had all been stored for some 
time : perfectly fresh gas liquor contains am- 
monium sulphide and cyanide. By the action 
of tho air, the former is oxidised to ammonium 
polysulphides, which convert the cyanide into 
sulphocyanide ; thus : 

(NH 4 ) 2 S 2 +NH 4 CN=NH 4 SCN+(NH 4 ) 2 S 

The recovery of the whole of the hydrocyanio 
acid of coal gas in the form of a concentrated 
solution of ammonium sulphocyanide is possible 
by applying this reaction in a suitable way. 

A very largo part of tho gas liquor produced 
is distilled and the gases evolved, consisting of 
ammonia, carbon dioxide, sulphuretted hydrogen, 
and a little hydrocyanic acid, passed into sul- 
phuric acid for the production of ammonium 
sulphate. The unabsorbed gases, mixed with 
steam, are first cooled, which yields an aqueous 
solution of hydrocyanic acid and sulphuretted 
hydrogen, known as ‘ Devil liquor,’ which is run 
to waste. 

The cooled gases are passed usually into a 
heap of ferric hydroxide, m order to absorb the » 
sulphuretted hydrogen, or occasionally they are 
burned in a Claus kiln, in which, as Carpenter 
has shown, the hydrocyanic acid is converted 
by steam into ammonia. 

The waste liquors from the ammonia stills 
contain relatively considerable quantities of 
calcium sulphooyanide (about 0*15 p.o. SON) 
and phenols, and are usually discharged into 
sewers. Frankland and Silvester (J. Soc. Chlm. 
Ind. 1907, 231), and Fowler, Ardem and Lockett 
(ibid.* 1911, 174), have published detailed aocounte 
of the bacterial oxidation of these impuridfes in 
the septic tank system of sewage treatment* 
It appears that sulphocyanides are practically 
completely oxidised in the contact bed b, ft 
sufficient timo is allowed. Fowler and Holton 
(J. Soc. Chem. Ind. 1911, 180) have shown that 
92-98 p.c. of 4 the impurities in the ammonia 
still effluent can be oxidised by allowing it,* 
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after dilution to one-tenth of its origin&l strength, 
to trickle through a ooluran of clinker inoculated 
with bacterial material from a contact bed of a 
toWBM work ; one cubic yard of filter is required 
for 10 galls, per day of effluent. 

Synthesis of sulphocyanides from ammonia 
and carbon disulphide. — In G61is’ original process 
(A. W. Hofmann, Reports by the Juries, Inter. 
Exhib. of 1862, 59-63 ; A. Gelis, Eng. Pat. 1816 
of 1860), a concentrated solution of ammonia 
and ammonium sulphide was agitated with 
oarbon disulphide, yielding a solution of am- 
monium sulphocarbonate 

(NH 4 ) 2 S-fCS 2 =(NH 4 ) 2 CS s 
which was then heated to 90°-100° with potas- 
sium sulphide 

2(NH 4 ) g CS 3 +K 2 S=2KCNS+ a 2NH 4 HS+3H 2 S 

A very large amount of sulphuretted hydrogen is 
produced in this way, the disposal of which would 
occasion much trouble and expense. Gunsburg 
and Tchemkiac (Eng. Pat. 1148 of 1878 ; 1359 
of 1879 ; 12G1 of 1881) heated a 20 p.e. solution 
of ammonia with carbon disulphide in autoclaves 
provided with stirrers at 100° until a pressure 
of 16 atmos. was reached, which indicated the | 
end of the reaction. As Conroy ( J. Soc. Chcm. 
Ind. 1896, 15, 8) has shown, ammonium sulpho- 
cyanido is formed quantitatively under these 
conditions, the large pressure developed being 
due to the formation of the volatile ammonium 
sulphide 4NH 8 +CS 2 =---.NH 4 SCN+(NH 4 ) 2 S. 

Subsequent improvements were all in the 
direction of diminishing tho quantity of am- 
monia required and reducing the pressure in the 
autoclaves. The simplest and most effective 
way of doing this is to add limo to the charge 
(Orowthor and Rossiter, Eng. Pat. 17846 of 
1893 ; Brock, Hetherington, Hurter, and 
Raschen, Eng. Pat. 21451 of 1893), the reaction 
then takingplace in accordance with the equation : 

2NH,+2CS 2 +2Ca(OH) 2 

=Ca(SCN) 2 +Ca(SH) 2 +4H 2 0 

A certain excess of ammonia over the 
quantity required by the equation must be used 
to prevent the formation of calcium sulpho- 
carbonate. The excoss of ammonia is distilled 
off, the residual mixture treated with carbon 
dioxide to remove sulphuretted hydrogen (in tho 
way used in the treatment of Leblanc alkali 
waste), and the calcium carbonate filtered off. 
The clear solution of calcium sulphocyanide is 
easily converted into othef* salts. 

The Principal Sulphocyanides. 

Potassium sulphocyanide KSCN crystallises 
in anhydrous, striated prisms or needles of sp.gr. 
T9, which melt at 172*3°. It resembles salt- 
petre in appearanoe and taste. It is deli- 
quescent ana very soluble in water, 100 grams of 
whioh dissolve 177*2 grams at 0°, 217 grams at 
20°, and 239 gramB at 26°. It is also soluble in 
anhydrous ammonia and in many organic liquids. 
The solubilities (in grams per 100 grams of 
solvent) are ; 

Acetone, 20*8 at 22° ; 20*4 at 58°. 

Ethyl acetate, 0*44 at 0° ; 0*4 at 14° ; 0*2 at 
79°, 

Amyl alcohol, 0*18 at 13° ; 2 14 at 100°. 

Pyridine, 6*75 at 0°; 4*97 at 58°, and 3*21 
at 115°. 


The fused salt becomes deep blue at 
the odour is said to be due to the liberation di 
sulphur. The sulphocyanides are plant poisons. 
Frankland and Silvester found that gold-fish 
were not affected in 24 hours by quantities of 
potassium sulphocyanide up to 260 parte SON 
per 100,000 of water, but even as little aB 10 
parts of SON per 100,000 is sufficient to stop 
the multiplication of, and eventually to kill, 
Bacillus coli^tommunis. 

Ammonium sulphocyanide NH 4 SCN crystal- 
lises in anhydrous, colourless leaflets of sp.gr. 
1*3, which molt at 159°; 100 grams of water 
dissolve 122 grams at 0° and 162grams at 20° ; 
it is readily soluble in alcohol. When heated a 
little above its melting-point, it is partly con- 
verted into tho isomeric thiourea. At 220° 
decomposition takes place, ammonia, sul- 
phuretted hydrogen, and carbon disulphide being 
evolved, and guanidine sulphocyanide remaining 
behind. 

Thiocyanogen is obtained by the action oh 
a solution of a halogen in an anhydrous solvent 
on a suitable thiocyanate ; a dry ethereal solu- 
tion of bromine cooled to 0° and lead thiocyanate 
give good results. By cooling an approximately 
N/2-solution in carbon disulphide to —70° 
thiocyanogen is obtained in almost colourless 
crystals, melting at —3° to —2°, and decom- 
posing at the ordinary temperature. In its 
chemical behaviour thiocyanogen resembles the 
halogens; it is at least as Btrongly electro- 
negative as iodine. The molecular weight has 
not yet been determined, but the constitution 
of thiocyanogen is probably CN — S — S — CN 
(E. Soderback, Annalen, 1919, 419, 217). 

Analysis of Cyanides. 

The methods of analysis described here are 
those commonly omployod in technical labora- 
tories. 

Detection of hydrocyanic acid . — The material 
is distilled with an acid and the distillate ex- 
amined. The Prussian blue test may be applied 
by evaporating the solution (after the addition 
of a little sodium hydroxide) in vacu6 at tem- 
perature below 70°, to 1 c.c. ; 0*2 o.c. of 3 p.o. 
FeS0 4 and 0*05 gram KF are added, and, after 
10 minutes, a small excess of 30 p.c. HNO # . 
The blue colour is compared with that produoed 
by a known quantity of KCN under similar 
conditions (A. Viehoever and C. O. Johns, 
J. Amer. Chem. Soc. 1915, 37, 601). The 
sulphocyanide test is also characteristic ; the 
distillate containing 0*1-8 milligrams HCN is 
made alkaline with KOH, treated with 1 c.c. 
ammonium polysulphide solution and evaporated 
to dryness. The residue is extracted with 
acetone, which dissolves KSCN only. After 
removing the acetone by evaporation the 
aqueous solution of the residue is treated with 
2 c.c. of 0*5 p.c. FeCl 8 , and the colour matched 
by means of a standard sulphocyanide solution 
(M. O. Johnson, J. Amer. Chem. Soc. 1916, 38, 
1230). Ferric sulphocyanide may be extracted 
from the aqueous solution by ether ; meoonio 
acid gives a similar colouration in ether, whioh, 
however, is not destroyed by 10 p.c, AaC^ 
(P. Lavialle and L. Varenne, J. Pharm. Chim. 
1916, 12, 74). 

Other sensitive colou^ tests have the dis- 
advantage that they may be produced by 




substances other than HON. An alkaline solu- a drop of the solution is then placed on Hotting 
tion of picric arid yields a reddish-violet ooloura- paper beside a drop of the lead nitrate solution, 
taon wffch NaCN, which is due to sodium iso- ana the two allowed to run together. When no 
purpurateC # H g (NOg) 2 ‘N(CN) a ’ONa, when excess difference can be detected between the odpjir of 
of cyanide is used, but to amino-nitro-phenols the paper where the drops have mixed and where 
when piorio arid is in excess, as is usually the they have not, the titration is considered to be 
case (A. 0. Chapman, Analyst, 1910, 35, 469). at an end ; 1 c.c. of the lead solution =bO*O 01 
The liquid to be tested is mixed with an equal gram of K 2 S (T. Ewan, J. Soo. Chem. IncL 28, 
volume of a solution containing 005 p.c. picric 10, 1909 ; Rossiter, ibid. 30, 583, 191J). 
aoid and 0’5 p.o. Na a C0 3 , and digested at 40° Water is estimated by weighing out about 
for 1 hour. The colour is then compared with 1 gram of tho coarsely powdered sample into a 
that produced by a standard HCN solution; small distilling flask (10-20 c.c.) which is then 
1 part of HCN in 500,000 parts water can be evaouated by a good water pump or preferably 
detected (A. D. Waller, Proc. Roy. Soc. 1910, by a mercury pump. Tho sample is then 
B. 82, 574). warmed, gently at first, and finally to 200°-300°. 

Tho cyanogen liberated by the action of HCN The whole of tho moisture is oxpelled in a few 
or a cupric salt oxidises many substances to minutes without appreciable decomposition of 
coloured products, the tests are highly sensitive, the cyanide. 

but uncertain owing to the difficulty of excluding Carbonate is conveniently estimated by 
other oxidising agents. For details, see Thi6ry precipitating a suitable portion of the solution 
(phenolphthalin), J. Pharm. Chim. 1907, 25 with barium chloride in the cold (to avoid do- 
51 ; C. Pertusi and E. Gastaldi (benzidine), composition of cyanate). Tho precipitate is 
Chem. Zeit. 1913, 37, 609; C. W. Anderson washed and titrated, togethor with the paper, 
(guaiacum), J. Soc. Chem. Ind. 1917, 36, 195; with normal hydrochloric acid and methyl 
J. Moir. and J. Gray, J. Chem. Met. and Min. orange. 

Soo. S. Africa, 1910, 11, 152; and J. Moir, Chloride. The solution iB neutralised with 
Chem. Soc. Proc. 1910, 20, 116 (hydroooaruhg- dilute nitric acid, and methyl orange and boiled 
none, tolidine, dianisidine). for about 1 hour (in a draught clipboard, of 

Alkali cyanides. Owing to the hygroscopic course) to drive off tho hydrocyanic acid and 
nature of sodium and potassium cyanides when decompose evanate. Tho' chloride remaining 
cold, samples, taken from different parts' of a (Richards and Singer, Amer. Chem. J. 27, 205, 
cake, should be transferred at once and without 1902) is then precipitated by a known excess of 
touching them with the hands to a hot iron standard silver nitrate solution, the silver chlor- 
mortar, broken up coarsely, and transferred to a ido filtered off and the excess of silver titrated 
hot perfectly dry bottle. If the sample has to with ammonium sulphocyanido and iron alum 
be kept for any length of time before it is in the usual way. 

analysed, it is preferable to use glass-stoppered If ferrocyamde is present, it may be precipi- 
bottles and to grease the stopper with a little tatod with excess of silver nitrate in ammoniacal 
vaseline. Errors due to absorption of moisture solution ; by acidifying the filtrate with nitric 
in sampling are more common and moro serious acid, silver chloride is precipitated and may be 
than those due to inaccuracies in testing. weighed. 

Estimation of ci/anoqen. — 6 grams of tho Cyanamidc in presence of alkali cyanides is 
sample are weighed out and made up to 500 c.c. ; easily estimated by exactly neutralising the 
25 c.o. of the solution are diluted to 200-300 c.c. solution of 1 gram of the substance in 100 to 
and titrated with a solution of pure silver 150 o.c. of water with nitric acid, and then 
nitrate until the faintest visible turbidity boiling for 20 minutes to expel hydrocyanic acid, 
results. The silver nitrate must be noutral and After cooling, 2 or 3 drops of ammonia are 
free from lead and zinc especially. A con- added, and then excess of silver nitrate. The 
venient strength of solution is obtained by canary-yellow precipitate of silver cyanamide 
dissolving 13 1 grams of silver nitrate in 1 litre Ag 2 CN a is filtered off and dissolved iii cold 
of distilled water : 1 c.o. of this solution is dilute nitric acid (which usually leaves a small 
equivalent to 0*01 gram of KCN. The solution residue of undissolved silver cyanide). The 
is standardised by means of a solution of pure silver in tho solution is then titrated by means 
sodium chlorido (dried by heating to redness of ammonium sulphooyanide, using ferric alutn 
before weighing) containing 4 ’487 grams per as indicator. The method is applicable to moefc 
litre ; 1 c.c. of the silver solution should exactly substances containing cyanamide, the boiling 
precipitate 1 c.c. of the sodium chloride solution with acid being, of course, omitted when little 
using pure potassium chromate as indicator. In or no cyanide is present. 

impure solutions of cyanides, the end point is When cyanamide is the principal constituent 
often more easily observed if a little caustic this method is insufficiently accurate, because 
soda (or a few drops of ammonia) and a crystal the composition of the precipitate is not exactly 
of potassium iodide are added before running in that required by the formula Ag a CN a , Hie silver 
the silver nitrate solution. Sulphides interfere oontent depending to a small extent on the' 
with the test, but they are easily removed by excess of silver nitrate used in precipitation* 
shaking the solution with a little lead carbonate Caro (Zeitsch. angew. Chem. 1910, 23, 240®) 
and filtering it. has shown, however, that it contains the whole 

Estimation of sulphide . — 10 grams of the of the cyanamide nitrogen, which is very readily 
finely powdered sample are dissolved in 15 c.o. estimated by Kjeldahl’s method, 
of ordinary water and a solution of lead nitrate Cyanate. Tho solution is acidified with 
(2*4 grams per litre) run m gradually. The nitric acid and boiled for 20 minute# at least to 
mixture is stirred untihthe colloidal lead sulphide expel hydrocyanic acid, and convert the cyaeate 
at first formed has coagulated into brown flocks ; into ammonium nitrate and carbon dMdtt 
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ammonia i» then distilled off, alter adding 
eibew of caustic soda, and estimated by titration 
with W-hydroohlorio acid as usual. In presence 
of cyanamide, the method is not available, 
because some- ammonia is formed from the 

S anamide when it is boiled with caustio soda. 

this (rather uncommon) case, the cyanate 
must be estimated by collecting the carbon 
dioxide evolved when the sample is boiled with 
aoid (Ewan, J. Soc. Chem. Ind. 1904, 23, 244). 

Ferrocyanide is most conveniently estimated, 
either alpne or in presence of cyanides, by titra- 
tion with a standard solution of zinc sulphate 
until a drop of the solution no longer gives a 
blue oolour when brought m contact with a drop 
of ferric solution on paper. A zinc alkali ferro- 
cyanide of somewhat variable composition is 
precipitated, and II. G. Colman (Analyst, 33, 
201, 1908 ; and J. Soc. Chem. Ind. 27, 800, 1908) 
has shown that the quantity of zinc solution re- 
quired to precipitate a given quantity of ferro- 
cyanide depends, to some extent, on the nature 
of the metal in the ferrocyanide used. This 
effect can be eliminated almost entirely by 
adding an excess of potassium sulphate. The 
method is earned out as follows : a solution 
containing 10‘2 grams of ZnS0 4 ,7Il 2 0 and 10 c.c. 
of concentrated sulphuric and per litro is 
standardised against puro potassium ferro- 
cyanide ; 25 c.c. of a solution containing lOgrams 
of K 4 Fe(CN) 6 *3H 2 0 per litre, mixed with 25 c.c. 
of a saturated solution of potassium sulphate, 
25 c.c. of water, and 10 c.c. of 1 : 10 sulphuric acid, 
are convenient quantities. Equal volumes of 
the standard zinc and ferrocyanide solutions are 
required, the precipitate formed having the 
composition Zn n Kj(FcCy a ) 2 (R. Meurice, Ann 
Chim. anal. 1913, 18, 342). Subsequent titra- 
tions should be made as nearly as possible under 
the same conditions 

A more accurate method is that of W. Feld 
(Joum. fur Gasbeleuehtung, 47, 5G5, 1903). 
Ferrocyanide, equivalent to 0‘3 to 0’5 gram of 
yellow prussiate is boiled for 5 minutes with 
10 c.c. of A-NaOH and 15 c.c. of 3 (molecular) 
A-HgCI 2 . If cyanide is present, the boiling is 
continued for 10 minutes and the hydrocyanic 
aoid distilled into caustic soda and titrated 
with silver nitrate ygth potassium iodide as 
indicator. 100 c.c. of boiling OiiV-HgCL are 
now run in, and the boiling continued for 10 
minutes to convert ferrocyanide into mercuric 
cyanide This is then distilled with 30 c.c. of 
3A-sulphuric acid for 20-30 minutes, and the 
hydrocyanic acid collected in caustic soda and 
titrated as before. The conversion of the ferro- 


cyanide into mercuric cyanide is avoided by 
H. E. Williams’ procedure (J. Soc. Chem. Ind. 
1912, 31, 468). After distilling off hydrocyanic 
aoid in the way just described (load nitrate may 
be used instead of magnesium chloride), 0 05- 
0*1 gram of pure cuprous chloride dissolved in 
HOlls added, and the hydrocyanic acid distilled 
off by £ hour gentle boiling. Even insoluble 
ferrooyanidos are completely decomposed. 

The estimation of the valuable constituents 


of gasworks products (cyanide and ferrocyanide) 
ill pteffowaedlby triturating 30 to 40 grams of the 
paterial In a mortar with excess of a cold solu- 
tion of caustic soda for several hours. A little 
ferrous sulphate may be added to convert 
into ferrocyanide. The filtrate is 


treated with 4 toff time* it® volume ofspetta* 
lated spirit. Carbonyl ferrocyanide (from 2to 
5 p.c, of the cyanogen is usually present in this 
form, but exceptionally as much as 20 p.c. may 
be present), aulphocyamde, sulphide, and excess 
of caustic soda remain in solution, whilst the 
whole of the sodium ferrocyanide id precipi- 
tated. The precipitate is then treated dv one 
of the methods described above (H. G. Colman, 
Analyst, 33, 261, 1908 ; and J. Soc. Chem. Ind. 
27, 806, 1908 ; F. W. Skirrow, ibid. 29, 319, 
1910). 

Svlphocyamde. Ferrocyanide, if present, is 
first removed from the solution bv adding 
iron alum after acidifying slightly. The filtrate 
is treated with acid sodium sulphite in excess 
and then with copper sulphate and boiled for 
1 or 2 minutes. The precipitate of cuprous 
sulphocyanide, which may be mixed with copper 
sulphide, is filtered off and washed with boiling 
water. It is then digested with excess of 
caustic soda which gives cuprous hydroxide and 
a solution of sodium sulphocyanide. This is * 
separated by filtration, acidified with nitric acid, 
and titrated with silver nitrate, using a ferric 
salt as indicator (Linder, 43rd Alkali Report, 
1906, 39). . 

The small quantities of cyanogen compounds 
in concentrated ammonia liquor may be esti- 
mated by converting thorn into ferric sulpho- 
cyanide-and measuring the depth of colour by 
means of tho tintometer (P. E. Spielmann and* 
H. Wood. J. Soc. Chem. Ind. 1919, 38, 43T, 
and 369T). Sulphocyanide is first estimated 
by acidifying tho diluted sample, in the cold, 
with sulphuric acid, and removing ferrocyanide 
by means of a small excess of iron alum ; a ' 
large excess of iron alum is added to the filtrate 
and tho depth of colour measured. Cyanide is 
converted into sulphocyanide by digestion at 
30°-36° with ammonium polysulpbide, and a 
second estimation made as above described. 
Thiocarbonate is converted into sulphocyanide 
by digestion at 70°-75° for 45 minutes, cyanide 
and ferrocyanide. remaining unaffected. 

Alkali metals in commercial cyanides. 1 gram 
of the substance is evaporated to dryness with 
excess of hydrochloric acid. Traces of iron and 
calcium are removed by re-dissolving, adding 
a drop of ammonium carbonato, and filtering. 
The solution is again evaporated to dryness, 
and the residue is gently fused and weighed. 
The mixture of alkaline chlorides is dissolved 
in water and an aliquot portion titrated with 
silvor nitrate, using chromate as indicator. 
If n gram of cyanide has yielded a gram of the 
pure mixed chlorides containing b gram of 
chlorine, the percentage of potassium in the 
cyanide is given by the formula 
/2431o-4’012i\ 

( — — >~ 

This method is sufficiently accurate for most 
purposes, but the gravimetric estimation of the 
potassium as potassium platinichloride must be 
resorted to if a greater degree of accuraoy is 
required. T. E, 

CYANIDIN, CYANIN v. Anthocyanins. 
CYANINE and CYANINE DYESTUFFS «, 
Quinoline colouring butters. 

CYANITE v . Kyanitb. • 

CYANOMACLURIN. C„H lg O* a colour**®* 
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oompound existing in Jakwood is olosely 
allied to the catechins, and may possibly 
belong to the same group. In its general 
reactions, indeed, it is very similar to these 
compounds, but differs from them in that by 
alkali fusion it yields fi-resorcylic acid and not 
protooateohuic acid. 

A full description of the properties of this 
oompound is given in the article on Jakwood, 

CYANOSINE v. Triphenylmethane colour- 
ing MATTERS. 

/ao-CYANURIC ACID v. Fulminurio acid. 

CYCLOFORM. The trade name of isobutyl 
ester of p-amino benzoic acid 

NH 2 *C 6 H 4 *COOC 4 H 9 

used as a local anaesthetic. A white* crystalline 
powder, m.p. 65°. Sparingly solublo m water 
(0*022 p.c.), readily soluble in alcohol and other. 

CYLINDRITE. ( Kylivdnt , Ger.) A com- 
plex sulphide ore of tin, Pb 3 FoSn 4 Sb 2 R 14 , con- 
taining, according to this formula, Sn 25*85 p.c. 

• It forms very peculiar cylindrical rolls of thin 
folia, the concentric shells parallel to the axis 
of the cylinder readily separating under pressure. 
The smooth, bright surfaces of separation no 
doubt represent the eleavagos of eylmdrically 
curved crystals. The colour is blackish lead- 
grey, with a brilliant metallic lustre. The 
mineral marks paper, and is difficult to pulverise, 
in these respects rosomblmg graphite. The ore 
consists of numbers of these rolls, which 
%easurc up to 3 cm. in length and 1 cm. in 
diameter, confusedly aggregated together, or 
sometimes with a sub-parallel grouping, the 
interspaces being filled with massive material. 
It has been found in Borne quantity in the 
Santa Cruz mine, at Poopo, Bolivia. The above 
formula, written in the form 

3PbRnS 2 + Sn FcSb s S„ 

brings out a relation between cylindrite and the 
allied Bolivian minerals, tealhto (PbSnS 2 ) and 
franckeite (3PbRnS 2 -f Pb 2 FeSb 2 S 8 ). Analyses 
I and II by G. T. Prior (1904), ITI. by A. 
Frenzcl (1893) : 


I II III 

K-OA •{/< -nsi ‘iK'A 


Pb 

. 35*24 

34*58 

35*41 

Fe 

. 2-81 

2*77 

3*00 

Ag . 

. 0*50 

0*28 

0*62 

Sn 

. 25*65 

25*10 

26*37 

Sb 

. 12*31 

12*98 

8*73 

S 

. 23*83 

23*88 

• 24*50 


100*34 

99*59 

98*63 

Sp.gr. . 

. 5*46 

5*49 

6*42 
L. J. 1 


CYMARIN. The physiologically active con- 
stituent of the root of Apocynum cannabinum 
and A. androsonmfohum, is aglucosidc, ^80^46^1O» 
colourless glistening prisms, m.p. 135°- 140*, 
whioh, when boiled with alcohol containing 
hydroohlorio acid, is resolved into cymarose 
c 7 h 14 o 4 , colourless prisms, m.p. 88°, a sub- 
stance resembling digitoxose, of wlyeh it is 
probably a methyl ether, and cymarigenbi 
CijHjqOu, a lactone which appears to be 
identical with apocynamarin (Moore, Chem. 
Soo. Trans. 1 909, 95, 734) ; it crystallises from 
aqueous methyl alcohol in rhombic tablets, 
m.p. 171° (decomp.). With a solution of a 
(liazonium salt, cymarigenin forms dyes ; it 
reduces ammoniacal silver nitrate, forms a 


benzoyl derivative C 8S H a4 0 T ,$H.0, pearly leaf- 
lets, m.p. 230°, and when treated with hydrogen 
chloride in ohloroform solution, is converted 
into anhydro cymarigenin C aa H JS 0 4 , rosettes of 
crystals, m.p. 246° (decomp.) (Windaus and 
Hermanns, Ber. 1915, 48, 979). 

According to Impens (Pfliiger’s Arohiv. 1913, 
153, 239), cymarin is not a glucoside. It 
corresponds in activity with digitalis, being 
slightly more potent as a diuretic and slightly 
loss so as a cardiac stimulant. The ‘ cynotoxin ’ 
of Firyiemore and ‘ apocynamarin ’ are probably 
decomposition products of cymarine. V. 
Digitalis and Strophanthus. 

CYMENES. Gym,ds. The name cymene was 
first applied to the hydrocarbon isolated by 
Gerhardt and Cahours (Ann. Chim. Phys. [3] 1, 
102 and 372) from Roman oil of cumin, which is 
the ethereal oil of Cuminum cyminum. Until 
1891 this hydrocarbon was wrongly called 
p-methylpropylbenzene, but in that year 
Widman (Ber. 1891, 439, 970, 1G32) proved it 
to be the isopropyl- compound (see also Fileti, 
J. pr. Chem. [2] 44, 150). Frequently, however, 
the various benzene hydrocarbons of the formula 
Oj 0 H 14 are grouped together under the collective 
name of cymene s. No fewer than 22 of these are 
theoretically possiblo, of which 18 have been 
prepared ; but only the most important, 
namely, cyirfone proper (p-methylwopropyl- 
benzene) and tho tetramethylbenzenes are 
described here. 

p-Methylwopropylbenzene ( Cymene ) 

'CH 3 ) 2 CH*C 4 H 4 *CH 3 (l,4) 
occurs in Roman oil of cumin (Gerhardt and 
( labours, l.c . ; Bruhl, Ber. 1892, 149; Wolpian, 
Chem. Soe. Abstr. 1897, i. 357) ; in the volatile 
oil from the seeds of the water-hemlock ( Cicuta 
virosa) (Trapp, Annalen, 108, 380); in the oil 
from Ptychotis ajowan (II. Miiller, Ber. 2, 130) ; 
m oil of thyme (Lallemand, Annalen, 102, 119 ; 
Labb6, Bull. Roc. cliim. 1898, [iii.] 1009) along 
with thymol C 10 II 14 () and thymene C 10 H 1# ; 
m eucalyptus oil (from Eucaiyphis Globulus) 
(Faust and Homeyer, Bor. 7, 1429) ; in oil of 
caraway (Wolpian, Chem. Roc. Abstr. 1897, i. 
17) ; in bitter fennel oil (Tardy, J. Pharm. Chim. 
1897, 98) ; in oil of lemort grass (Barbier and 
Bouvoault, Compt. rend, 121, 1159; Stiehl, J. 
pr. Chem. 1898, 51) ; in oil of origanum (Gilder- 
meistor, Arch. Pharm. 1895, 174); in geraniol 
(Semmler, Ber. 1891, 205); and in American 
otroleum (Mabery, Amer. Chem. J. 19, 419). 
onsiderable quantities of crude cymene, known 
as sulphite turpentine, collect on the surface of 
the liquid in the separator used in recovering 
sulphur dioxide in the manufacture of wood 
pulp. May be obtained from camphor by 
abstracting from it the elements of water 

c 10 h 16 o=c 10 h 14 +h 2 o 

by heating it either with phosphorus pentoxide 
(i)umas, Ann. Chim. Phys. 50, 226 ; Dclalande, 
ibid. [3] 1, 368) or with phosphorus pentasulphide 
(Pott, Ber. 2, 121), or with phosphorus penta- 
chlorido (Lippmann and Louguinme, Bull. Soo, 
chim. [2] 7, 374 ; see also Bruhl, l.c. ; Tiemann, 
Ber. 1895, 1089). Various isomerides of camphor 
yield cymene by the same treatment. The 
terpenes C x0 H ie may be oonvertedfinto oymene 
by withdrawing two atoms of hydrogen} Hus 
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may be effected in the case of oil of turpentine, 
for example, by distilling it with bromine 
(Oppenheim, Ber. 5, 94 and 628), or better, with 
iodine (Kekute, ibid. 6, 437). Old turpentine 
generally oontains cymene (Wallach, Cbem. 
Zentr. 1898, i. 672 ; Kondakow and Schindel- 
meier, Chem. Zeit. 30, 722). It has been ob- 
tained synthetically from p- brom isopropyl ben- 
z ® ne by means of methyl iodide and sodium 
(Widman, U). To prepare cymene, camphor 
is warmed with an equal weight of phosphorus 
pentoxide, the cymene is poured off, treated 
again twice with a little phosphorus pentoxide, 
and finally rectified from sodium. Tho yield 
varies from 60 to 80 p.c. (Fittica, Annalen, 
172, 307). It can also be preparod from x so- 
propyliodide, and p-bromotoluene (Reuter, 
Chem. Zentr. 1802, i. (!25 ; Briihl, l.c.) or from 
lifopropylchloride, toluene and aluminium chlo- 
ride (Silva, Bull. Soe. chim. [ u .| 43, 321 >— 
Liquid boiling at 177°-177*5° (corr.) ; sp.gr. 
0*8670 at 7*974° (Perkin, Chem. Soe. Trans. 
1896, 1125; 1000, 267). With chromic acid it 
yields paratoluic acid (CH 3 *C 6 H 4 *C0 2 H) and 
terephthalic acid C 8 11 4 (C0 2 H) 2 (1, 4); with 
potassium permanganate, hydroxywopropylben- 
zoic acid (CH 3 ) 2 C(OH)C 8 II 4 : CO s H (1, 4). Taken 
internally, it appears in the urine as cumic 
(p-tsopropylbenzoic) and 

(Ctf 3 )/TI*C fl H 4 00 2 H (1, 4) 

The preparation of cumene (q.v.) from propyl- 
bromide, benzene, and aluminium chloride, and 
that of cymene from p-bromotoluene, normal 
propylbromide, and sodium (Fit tig, Sohafer, 
and Kdnig, Annalen, 140, 331) was for a long 
time the cause of great confusion in ascertaining 
fcne constitution of members of the cumene and 
cymene groups, as it was not realised that m 
each case the pi opyl- group changed into the 
wopropyl- group owing to the temperature of 
the reaction not being regulated. 
Tetramethylbenzenes : 

1. Consecutive tdrainithylhmzcne (Prelim- 
enr) C 6 H 2 (CH 3 ) 4 (1, 2, 3, 4). When sodium 

durene-sulphonato 

C 8 H(CH 3 ) 4 80 3 Na(CII 3 - groups 1, 2, 4, 6 v. infra) 
is dissolved in concentrated sulphuric acid and 
allowed to stand lor 12 hours, prehnitone- 
sulphonie acid is formed. The mixture is di- 
luted with water, saturated with banum carbon- 
ate, the barium salts converted into sodium 
salts, and these, by treatment with phosphorus 
pentachlorido and ammonia, transformed first 
into sulphonie chlorides and then into sulphon- 
amides. Prehnitenesulphonamide is separated 
by means of its sparing solubility in alcohol, 
and is then hydrolysed by heating with concen- 
trated hydrochloric acid to 170°, when it yields 
prehnitene (Jacobsen, Ber. 19, 1213 ; see also 
V. Meyer and Molz, Ber. 1897, 30, 1278). Also 
obtained by heating bromocumene 

C 6 H 2 Br(CH 3 ) 3 (CH 3 ,Br,CH 3 ,CH s : 1, 2, 3, 4) 
with methyl iodide, benzene, and sodium, in a 
sealed tube at 150° for 12 hours. — Liquid boil- 
ing at 204° (corr.) ; solidifies in a freezing 
mixture, and melts at —4°. Dilute nitric acid 
oxidises it to prehnitylic acid C 3 Hj(CH 3 ) 3 C0 2 H. 

2. Unsymmelrical tetramethylbenzene ( lsodu - 
rsrte) C*H 9 (OH > ) 4 (1, 2, 3, 6). From bromo- 
mesitylene (v Cumenes), methyl iodide and 


sodium in presence of benzene (Jannasch, Ber, 
8, 366). Best by passing methyl chloride into 
a mixture of mesitylene and aluminium chloride : 
C.H a (CH,) s +CH a Cl=C,H 2 (CH,).+HCl 

( 1 . 3 6 ) ( 1 , 2 , 8 , 6 ) 

(Jacobsen, Bor. 14, 2629). — Liquid boiling at 
195°-197° ; solidifies in a freezing mixture. 
With dilute nitric acid it yields a-tsodurylic 
acid, 0-wodurylic acid, and mesitylenecarboxylio 
acid, isomeric acids of the formula 
C 8 H 2 (CH 3 ) 3 C0 2 H 

and dimcthybtfophthalio and dimethyltere- 
phthuhc acids, isomeric acids of tho formula 
C 6 H 2 (CH 3 ) 2 (C0 2 Ii) 2 (Jannasch and Weiler, Ber. 
1894, 3441 ; 1896, 631) ; potassium permangan- 
ate ultimately converts it into mellophanic acid 
C 8 M 2 (C0 2 H) 4 (l, 2, 3, 5). 

Symmetrical telramethylbcnzene ( Pursue ) 

C 6 H 2 (CH 3 ) 4 (1, 2, 4, 5). Occurs m coal tar 
(Schulze, Ber. 18, 3032). By the action of 
sodium on a mixture of bromopseudocumene* 
CflH 2 (dli a ) s Br (1, 2, 4, 5), methyl iodide and 
sodium (Jannasch and Fittig, Zeitsch. ('hem. 
1870, 161) From toluene and methyl chloride 
in presence of aluminium chloride (Friedel and 
Crafts, Ann. Chun. Phys. [6] 1, 461). From 
0 - or p- xylene, methyl chloride and aluminium 
chloride (Jacobsen, Ber. 14, 2629). From 
pseudocumene, methyl iodide, and aluminium 
chloride (Rugheimer and Hankel, ibid. 1896, 
2173) — Crystalline moss, smelling like camphor 7 
molts at 79°-80°, and boils at 189°-J9]° (Jacob- 
sen). Yields by oxidation with potassium 
permanganate, finally pyromellitio acid 
C a II,(CO,H) 4 (1, 2, 4, 5) 

CYMOLS v. Cymenes. 

CYMOPHENOLv. Camphors. 

CYPRIAN VITRIOL. Copper sulphate (v. 
Copper). 

CYPRIDOL. Trade name for a suspension 
of mercuric iodide in sterilised oil. 

CYRTOLITE Zircon. 

CYSTAMINE, CYSTOGEN. Syns. for hexa- 
methylenetetramine. 

CYSTAZOL. An additive compound of 
hexamethylenetetramine and sodium benzoate. 
Used as a urinary antiseptic. 

CYSTINE, (3-disidphido-a-aminopropionic acid 
H0 2 CCH(NB 2 )*CH 2 *S*S*CH 2 *CH(NH 2 )’C0 3 H 
first discovered by Wollaston m a urinary 
calculus (Phil. Trans. 1810, 223) ; is a product of 
protoid # metabolism under certain pathological 
conditions (Blum, Beitr. chem. Physiol. Path. 
1903, 6, 1 ; Wolf and Shaffer, Amer. J. Physiol. 
19 ; Loebisch, Annalen, 182, 231 ; Niemann, 
ibid. 187, 101 ; Thiele, Trans. Path. Soc. 1907, 
58, 255), which, according to Abderhalden 
(Zeitsch. physiol. Chem. 1903, 38, 567), are 
hereditary. Dreschel found cystine as a normal 
product of metabolism in the liver of horse 
(Arch. Anat. Physiol. 1891, 243) and porpoise 
(Zeit. Biol. 1896, 33, 85). It was found by 
Kulz (ibid. 1890, 27, 415) among the soluble 
products of an artificial pancreatic digestion of 
fibrin ; and is a constant product of hydrolysis 
of keratin (Momer, Zeitsch. physiol. Chem. 
1899, 28, 595) : Buchtala (ibid. 1907, 62, 474) 
obtained the following percentages of cystine 
from the materials mentioned : human hair, 
13-14*5; human nails, 5*15; horsehair, 7*98 j 



#78 


erSTOfTE. 


horse's hoofs, 3'20 ; ox hair, 7 27 ; hoofs of 
ojen, 6*37 ; pigs’ bristles, 7*22 ; pigs' hoofs, 2*17. 

According to Folin (J. Biol. Chem. 1910, 8, 
9), cystine is most readily prepared from wool by 
boiling it in a reflux apparatus for 6-6 hours 
with twico its weight of strong hydrochloric 
acid, or until it ceasos to give the biuret reaction ; 
on removing the freo hydrochloric acid by the 
addition of solid sodium acetate, a dark heavy 
precipitate of cystine is obtained ; this is purified 
by decolourising a solution in 3-5 p.c. hydro- 
chloric acid with bone-black, and precipitating 
the oystine in tho hot filtrate by hot concentrated 
sodium acetate solution (sec i dso Denis, J. Biol. 
Chem. 1011, 9, 365). , 

The cystine of urinary calculus is identical 
with that obtained from protein hydrolysis 
(Rothora, J. Physiol 15)05, 32, 175 ; Alsberg and 
Folin, Amer. .1. Physiol. 15)05, 14, 54 ; Fischer 
and Suzuki, Zeitsch. physiol. Chem. 15)05, 45, 
405), and was proved to bo pdisulphido-a-ammo- 
propionic and) by Friedmann (Boitr. Chem. 
Physiol. Path. 1902, 2, 433). This view of its 
constitution was confirmed by the synthesis of 
racemic cystine from ethyl monobenzovlserme, 
obtained by reducing ethyl formylhippuratc, the 
product of the condensation of ethyl formate and 
othyl hippuratc. On heating ethyl niono- 
benzoylsenno with phosphorus pontasulphide, 
and hydrolysing the product, tystvin is obtained, 
and tins is readily converted into cystine by 
oxidation with air in an ammoniacal solution : 


H*C0 2 Et+ NIIBzCH 2 *C0 2 Et 
~>OHOOH(NlLBz)CO,Et 
->OH , CH..*OH(NHBz)CO a Et 
K CH „"*C H(NHBz) *0( ) , 2 Et 
->SH*CIL,*CH(NH 2 )*C0 2 H 
-»C() 2 H*0H(NH 2 )*CH 2 S*8*CH 2 *CJI(NH 2 )*CO 2 ll 
(Erlenmoyer, Ber. 1903, 36, 2720). Fischer and 
Rasko {ibid. 1908, 41, 893) also obtained ?- 
cystine from c/Z-a-ammo-0-chloropropionie acid 
hydrochloride by heating it with barium hydro- 
sulphide at 100 u in sealed tubes, and oxidising 
tho product by atmospheric oxygon m the 
presence of ammonia. From tho natural 
Z-serino tho authors obtained, by a similar 
process, an optically active cystino which is 
identical with the /-cystine obtained from natural 
sources. Removal of sulphur by ammonium 
copper solution gives dla-aminopropiomc acid, 
and removal of sulphur by zin(f dl-alaninc 
(Mauthner, Zeitsch, physiol. Chem. 19J2, 78, 
30-32). , ^ 

For the importance of cystine m nitrogen 
metabolism, see Abderhalden (Zeitsch. physiol. 
Chem. 96, 1-147 ; Bor. 1916, 49, 2449-2473), 
and in humm formation, Roxas (J. Biol. Chem. 
1916,27,71-93). , i , 

Cystine crystallises in thin colourless hexa- 
gonal plates ; it has no melting-point, but decom- 
poses slowly at 258°-261° (Neuborg and Mayer, 
Zeitsch. physiol. Chom. 1905, 44, 472). It is 
sparingly soluble in water, insoluble lrydeohol or 
acetic aoid, soluble in acids or alkalis. The heat 
of combustion at constant pressure is 4 137 
calories (Emery and Benedict. Amer. .T. Physiol. 
28, 301-307). The cystine molecule contains two 
asymmetric carbon atoms, and Zimi-cystine.^the 
naturally .occurring variety, has [o]^— 97*5 in 
ammonia, —223° in hydrochloric acid solution 
(Gaakell, J. Physiol. 1907, 36, 142), or -205*28 


in a hydrochloric acid solution containing 
11*2 grams hydrochloric aoid in 100-om. (Mautb- 
ner, ibid. 29). /-Cystine is converted to the 
extent of 50 p.c. into r-oystine by heating with 
excess of hydrochloric acid of ep.gr. 1*124, at 
165° for 12-15 hours ; this decomposes at the 
same temperature as the active isomeride, is 
throe times as soluble in water and can be 
resolved into tho active components by the 
action of Aspergillus niycr, the Z- compound 
being consumed. 

Cystine is readily reduced to cystein ( a amino - 
fi-thiolproptonic acid) HSCH 2 CI1(NH 2 )*C0 8 H 
(Baumann, Zeitsch. physiol. Chem. 1882, 8, 
300; Mauthner, Zeit. Biol. 1901, 42, 176), 
which can bo converted by the action of bromine, 
water into eysteic acid (a-amino- fi-sidphopro- 
pionic and) H0 3 S’Cll 2 *CH(NH a )'C0 2 H, and 
from this, by loss of carbon dioxide, taurine 
NH.,*CH,*CHVS() 3 H is obtained (Friedmann, 
Beitr. Chem. Physiol. Path. 15)02, 2, 433). 
According to Von Bergmann {dud. 1903, 4, 92), 
the normal taurine m the bile originates from 
the oystin groups contained m the ingested 
protein. Cystein yields eystine on oxidation, the 
change occurring spontaneously in alkaline 
solution, although the rate is inci eased by the 
addition of a mixture of feme chloride and 
potassium cyanide (Mathews and Walker, J. 
Biol. Chem 1*5)05), (», 285)). For the behaviour of 
eystine on oxidation, see Denis (.1. Biol. Chem. 
1911, 5), 373), and for its breakdown under the 
action of certain bacteria, see Burger (Arch, 
llyg. 15)14,82,201-21 1, from the abstr. Amer. 
Chom Soc. 15)16, 10, 25)11). 

Slyke’s reaction (Ber 15)10, 43, 3170) for 
o-anuno acids does not give absolutely quanti- 
tative results in tho case of cystine. 

Cystine and tyrosine can be quantitatively 
separated by means of absolute alcohol saturated 
with hydrogen chloride (Plimmer, Bic-Chem J. 
15)13, 7, 311-317). 

When cystine is given with food, it is com- 
pletely oxidised to sulphate and excreted as 
such (Rothora, J. Physiol. 1905. 32, 175). 
Baumann and Preusso (Zeitsch. physiol. Chom. 
1881, 6, 309; Ber. 18, 258) found that when 
bromobonzone was administered to' animals, it 
was excreted as bromophenylcystein 


C0 2 H*CH(NH 2 )*CH 2 *S*C 8 H 4 Br 


a compound crystallising in glittering needles 
or plates; m.p. 180°-182°, and yielding a blue 
crystalline copper salt (C 9 H 9 BrSNO a ) 2 Cu. 

Derivatives. — Cystine forms sparingly soluble 
salts with copper, O 8 H 10 O 4 N a 8 a Cu ; or mercury 


C 8 H 8 0 4 N a S 2 Hg 2 ,HgCl a ; 
2C 8 H,„() 4 N 2 S 2 Hg,HgCl 2 ,7H 2 0 ,* 
2C 8 H 8 0 4 N 2 S 2 Hg 2 ,Hg(N0 a ) 1 


With 30 p.c. nitric or hydrochloric acid (at room 
temperature) it yields compounds 


C 8 ll 12 O 4 N 2 S 2 *2HN0. and 
C a H ia 0 4 N 2 S a *2HCl 


(Momer, Zeitsch. physiol. Chem. 1914, 93, 
203-208). Benzoylcy stine C^OtNjS.Bz,, m.p. 
150°- 158°, crystallises in needles and forms a 
sparingly soluble sodium salt (Goldmann and 
Baumann, Zeitsch. physiol. Chem. 1888, 12, 
254). Cysiintphenylhydantoin is a well-defined 
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crystalline compound, and is used for identifying 
cystine. Cystine ethyl ester hydrochloride 
S 2 [CH 2 -CH(NH 2 )*C0 2 Et] 2 ,3HCl 
forms colourless needles, m.p. 185°, with 
decomposition (Friedmann, Beitr. Chem. Phy- 
siol. Path. 1902, 3, 1). Numerous acyl- deriva- 
tives of cystine havo been described by Fischer 
and Suzuki (Zeitsch. physiol. Chem. 1905, 45, 
405 ; Fischor and Gerngross, Her. 1909, 42, 
1485 ; Abderhalden and Wybort, Per. 1910, 
49, 2449-2473). Of these di-l-leucyl-l-cgsh n c 
S 2 [CH a -CH(C() > H)NH-C(H , H(NH 2 K' 4 H t l.‘ is a 
granular powder, turns yellow at 200'", and 
decomposes at a higher temperature, has 

[<--130 ‘0°, or, when obtained m a crystalline 
form, has [a]“°— 14 l 4° ; it gives a reddish -violet 
colour with copper sulphate ; is precipitated 
by ammonium sulphate, and may be tertned 
an alhumoxr. M. A. W. 

CYSTOGEN, Syn. for hexamethylenetetr- 
amine. 

CYSTOPURIN. A compound of sodium 
acetate and hexamethylenetetramine. 

CYTISINE G 11 11 14 ()N 2 , prisms, m.p. 153°, 
b.p. 218°/2 mm., |«J^ — 120", readily soluble 
in water, alcohol, or chloroform, insoluble m 
ether and peti oleum ; is a diacid base forming 
well -crystalline salts. It is found in the seeds of 
Cytisns laburnum, lUesc cvurpints, Baptism 
spp., Sophoia spp., Unit si a spp. , and Avagyris 
fcetida in amounts varying from 1 to 2 p.e. 

Cytisine is a sec ondary-tertiary base Electro- 
lytic reductions gives a base, tetrahydro deoxy- 
rt ytisme C n H 18 N 2 . IJydriodic acid and phos- 
phorus at 2110° yields eytisohne C n H n ()N, 
/8-oytisohdine C n H n N (this on reduction giving 
a cytisolidtne r.„H u N), hydrocarbons, and 
ammonia. The constitutions of a- and /3- 
cytisolidmes have been established by synthesis 
(Ewins, (’hem. Noe. Tunis. J9I3, 103, 97). 
j8-Cytisolidine is 6 : 8-dimethyl quinoline, a- 
cytisohdine the corresponding tetrahydro quino- 
line. Cytisohne, which on distillation with 
zinc-dust gives jS-cytisolidme, is 2-hydrexy-6 : 
8-dimethyl quinoline and has Loen synthesised 


by Spilth. On these grounds it has been 
suggested that cytisine Is constituted by the 
fusion of three rings. 

The following constitution is considered the 
most probable of the fourteen possibilities ; — 

CH a CH 

MeCH^^c/VlII 



I I 

Nil— CH, 


Cytisine is a violent poison. Cases of infantile 
poisoning from eating laburnum seeds are by 
no means infrequent. Dale and Lajdlaw ( J . 
Pliarm. Expt. Therap. 1912, 3, 502) have shown 
that tho jihysiologieal action of this alkaloid 
is qualitatively and almost quantitatively 
indistinguishable from that of nicotine. See, 
Spath, Monatsh. 1919, 40, 15, 93 ; Partlieil, Ber. 
1890, 23, 3201; 1891, 24, 034; Freund and 

Fncdniann, A. 1901, i 288 ; Freund, A. 1904, 

l. 203 ; Freund and Horkhcinier, A. 1906, i. 
302 ; Freund and Gauif, Arch. Pharm. 1918, 
250, 33. 

Mclhylcytisuie C l2 H 1( ,ON.,, prismatic needles, 

m. p. 137°, I a j, , 221 -0°, readily soluble in water 
and organic solvents, occurs in Caulopkyllvm 
thalich aides (Linn ) (Power and Nalway, Chem. 
Soc. Trans. 1913, 103, 191); it may also be 
obtained by methylating cytisine. The salts 
are crystalline. 

Tho physiological action of the base is 
similar to that of cytisine ( q.v .), but tho alkaloid 
is less potent. 

Caulophyllivc (Lloyd, Proe. Amor. Phaim. 
Assoc. 1893, 41, 115) is methyl cytisine. 

Avagyrinc C 16 H 22 ON 2 (?), amoiphous, occur- 
| ring along with cytisine m the seeds of Avagyris 
j f (Hilda, is possibly butyl cytisine (Klostcimann, 
Piss. Marburg, 1898; Cliom. Zentr. 1899, i. 
1130; Parthcil and Npaaski, Apoth. Zci t. 18P5, 
10, 903; Goessmann, Arch. Pharm. 1900, 
244, 20). A. J. E. 


D. 


DAGUERREOTYPE v. Photography. 

DAHL’S ACIDS. l-Naphthylarmno-4-7- and 
4.6.-disulphonic acids, v. Naphthalene. 

DAHLIA. Syn. Hofmann 's violet, Pri- 
mula ( v . Trifhenylmethanb coloijuino 

MATTERS). 

DAHMENITE v. Explosives. 
DAMASCENINE C l0 H 13 O 3 N, crystalling; m.p. 
25°-26°, b.p, 154°/15 mm., 2707750 mm., 
occurs ill the seeds of Nigella damasceva (Linn.) 
(Sohneider, Pharm. Centrb. 1890, 31, 173) and 
N. aristata (Keller, Arch. Pharm. 1908, 246, 
1). Its constitution was established by synthesis 
(Ewins, Chem. Soc. Trans. 1912, 101, 544), and 


shown to be mothyl-2-methylamino-3-metboxy 
benzoate : 

CH 

HC(|V-COOMe 

HC^Jc-NHMe 

COMe 

Keller’s « ‘ metliyl damasceninc ’ is identical 
with damascenme and ‘ damascening acid * 
C 9 H n 0 3 N, said by Pommerehne (Arch. Pharm. 
1900, 238, 531) to be isomeric with damascenine, 
is obtained on hydrolysis of the alkaloid. 
Damascenine is milaly narcotic. A. J. E. 

DAMMAR RESIN, DAMMARYL, DAM* 
MARYLIC ACID v. Resins. 
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DANAITE v. !Mi8fiqkbl. 

) AN A LITE, A Are eulpho-siljcate mineral, 
with the formula 3|f 2 Si0 4 - EtS, where R repre- 
sents Fe, Zn, Be, Hn, containing BeO about 
14 p.c. The -flesh-rod or grey cubic crystals are 
octahedral or tetrahedral in habit ; sp.gr. 
3 '35-3 *43 ; H. =5|-6. It oocurs in granite at 
Rookport and Gloucester, in Massachusetts, 
and large crystals have been found in Cornwall. 
Closely allied is the tetrahedral-cubic mineral 
hdvite, which contains about tho same amount 
of beryllium, but with a preponderance of 
manganese and no zinc. L. J. S. 

DANDELION ROOT. Taraxaci radix, B.P. ; 
Taraxacum, U.S.P. ( Pissenlit , Fr. ; Lowcn- 
zahnwurzd, Ger.) The root of the common 
dandelion. Taraxacum officinale (Weber) (Bentl. 
a. Trim. 159), is used m medicine for its mild 
laxative and tonic properties. It iR administered 
either in the form 01 expressed juico or weak 
spirituous extract. The roots employed should 
g be collected in the autumn. 

The latex contains two crystalline bitter 
principles, laraxacm and laraxacerin (Polox, 
Arch. Pharm. 19, 60; Kromayer, ibid. 106, 6) 
The root furthor contains mvlm, 24 p.c. in 
October, acoordmg to Dragendorff (Sachsse’s 
Farbstoffe, 125), but only l '7 p.c. in March, 
when, however, 17 p.c. of uncrystallisable 
sugar and 19 p.c. of lev aim is present. The 
latter carbohydrate is soluble in cold water to 
a sweet solution, without any action on polarised 
light. 

The leaves and stalks, but not the root of the 
dandelion, contain inosite (Marm6, Annalen, 
129,222). G. B. 

DAPHNETIN. Paphtiotin is present in the 
form of its glucosule daphmn in the bark of the 
Daphne alpina (Linn.) and D. mezcrcum (Linn ). 

The concentrated alcoholic extract is digested 
with boiling water, filtered, and treated with 
lead acetate solution. Tho precipitate is re- 
moved, basic lead acetate added to the filtrate, 
the lead compound of the glucoside decomposed 
with sulphuretted hydrogen, and the solution 
evaporated (Zwenger, Annalen, 115, S). 

Daphmn G ]8 H 1# 0 9 ,2H 2 0 crystallises in 
prisms, melting at 200°, and dissolves in alkaline 
solutions with a yellow colour. It is hydrolysed 
by boiling dilute acids with formation of dapb- 
netin and glucose : 

C 15 H 1# 0 9 +H 2 0=C 9 H e 0 4 +C fl H 12 0 6 

Daphnetin 0 fl H 8 O 4 forms pale yellow needles, 
is soluble in alkalis with a yellow colour, and 
gives a yellow precipitate with lead* acetate 
solution. On acetylation, a diacetyl- derivative 
C*H 4 0 4 (C 2 H 3 0) 2 is obtained, and by means of 
ethyl iodide a diethyl ether C„H 4 O z (OEt) 2 is 
roduoed. When daphnetin diethyl ether is 
oiled with caustic soda solution, the diethyl 
ether of daphnetinic acid 

(OEt) 2 C 8 H 2 <^^ ==CH . COOH 

is produced in the form of its sodium salt, whi«h 
when ethylated gives the triethyl derivative : 

(OEt)jC,H > <^^| t =s:CH . COOH 

By oxidising daphnetio aoid triethyl ether 
ttidhaxjfienzaldeh# ielte formed, which is readily 
converted into trietboxybenzoio acid. The 


silver salt of this acid, when destructively dis- 
tilled , gives pyrogallol triethyl ether. Daphnetin 
is aooordmgly a dihydroxycoumarin, and has the 
following constitution : — 



(Will and Yung, Ber. 1884, 17, 1081). 

It has been synthetically prepared by heating 
pyrogallol with malic acid in the presence of 
sulphuric acid (l’ochmann, Bor. 17, 933) : 

C 4 H 6 0 6 + C 6 H 8 (OH)8 -C 9 n 6 0 4 + C0 2 + 2H a O +h, 
and by the condensation of pyrogallic aldehyde 
with sodium acetato (Gattermann and Koebner, 
Ber. 1899, 32, 287) : 

G 6 H 2 (OH) 3 -CHO+CH 3 -GOOH=0 9 H 6 O 4 +2H 2 O 
Daphnetm is a yellow colouring matter, and 
gives with mordanted woollen cloth the following 
shades : — 

Chromium, Aluminium 
Olive-yellow Pale olive-yellow 
Tin Iron 

Very pule yellow Olive-black 
(Perkin and Wilson, Chem. Soc Trans. 1903, 83, 
134). A. G. P. 

DAPICHO >r ZASPIS. The South American 
name for tho faoutchouc which exudes from the 
roots of Hewn yuianensm (Aubl.). 

DARWINITE v. Pomeykite. 

DATE. The fruit of the date palm, Phoenix 
dactyltfera. A palm of the tropics of Africa and 
tho East Indies. It furnishes food to a large 
population in Egypt and Arabia. 

The fruit grows m bunches of from 16 to 
20 lbs. weight, and a tree usually produces 
about 20 bundles annually. The date palm also 
yields a sweet sap, which flows, when incisions 
are made in the trunk, almost continuously from 
November to March ; tho sap is clarified and 
boiled down, when a brown sugar, known as 
jaggery, is obtained (Bird. Zcntr. 1884, 284). 
Analyses of the flesh of dates give : 

Sol eurbo- 

Wuler Protein Fat hydrates Fibre Ash 

28-8 1-9 trace 63’1 2*7 LG 

Dried dates, according, to Konig, have the 
moan composition : 

Free Other carbo- 

W ater Protein Fat Sugar ncia hydrates Fibre Ash 

18*6 1*9 0*6 67*2 1*3 4*3 3*8 1*8 

Among the ‘ soluble carbohydrates ’ is in- 
cluded about 3 p.c. of pentosans, while the date 
stone contains about 2*7 p.c. of the same sub- 
stances (Wittmann, Zeitsch. landw. Versuchs. 
Oesterreich. 1901, 4, 131). 

Konig gives, as the composition of the date 
stone : 

Nitrogen 

Water Protein Fat free extract Fibre Ash 

7*7 6*2 9*0 63*0 24*0 H 

Dates are sometimes used as coffee substi- 
tutes, the whole fruit being occasionally em- 
ployed, but more usually the stones only. 

Konig gives as the composition 01 ‘ date- 
coffee * ; 

Other carbo- 

Water Protein Fat Sugar hydrates Fibre Aah 

6 6 5*6 7*9 2*2 48*7 27*8 1*3 

yielding about 14 p.o. of its weight to water. 
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DATHOUTE v. Datolitb. 

DATISCA ANNABINA (Linn.). This is a 
tall, ereot herb, resembling hemp, belonging to 
the Datisceaz, and met with in the temperate 
and sub-tropical Western Himalayas from 
Kashmir to Nepal. The root, known as Akalhir, 
has been extensively used in Kashmir and 
throughout the Himalayas as a yellow dyestuff 
chiefly on alum-mordanted silk ; but the colour- 
ing matter appears to be present in the whole 
plant, for the leaves and twigs can also bo 
employed for the same purpose. 

The leaves of tho Dal ism canrtubhia wgre 
first examined by Braconnot (Ann. Chim. Pliys. 
[2] iii. 277), who isolated from them a crystalline 
substance which ho named datiscin. Somewhat 
later it was shown by Stenhouse (Annalen, 
1856, 98, 167) that this compound is a glucoside, 
and when hydrolysed is converted into a sugar, 
together with a yellow colouring matter, datis- 
cetin C 1r H 10 ()„. 

Sehunck and Marchlewski (Annalen, 278, 
261), however, considered that -the formula 
^ 15 ^ 12^6 was preferable, and showed that, on 
fusion with alkali, datiscotm gives salicylic acid. 

• By the action of dilute nitric acid, a mtro- 
aaltcylic acid was produced, whereas with strong 
nitric acid, picric acid, as already indicated by 
Stenhouse, was formed. Datiscetin appeared 
to contain methoxyl groups, and was at that 
time considered by the authors to be most 
probably a xanthorio derivative. 

Korczynski and Marchlewski (Ann. d. Akad. 
Krakau, 1906, 95) have shown that puro datis- 
cetin O 15 H 10 O 6 , howovor, does not contain 
methoxy-groups. It consists of yellow needles, 
m.p. 268°-269 , solublo in alkaline solutions, with 
a yellow colour, and gives, with sulphuric acid, 
a yellow liquid possessing a green fluorescence. 
When boiled with strong alkaline solutions, 
phenol and salicylic acid are produced. 

Tetraacdyldatiscdin ( 1, 6 H fl 0 # (0 2 H 3 0) 4 forms 
oolourless needles, and melts at* 188° : and 
tetrabenzoyldatmclin 0 t6 H 8 O # (C 7 H 6 O) 4 gives co- 
lourless needles, m.p. 190°-191°. 

Leskiewicz and Marchlewski (Ber. 1914, 47, 
1699) by the action of bromine on datiscetin 
in boiling acetic acid solution obtained tribrom- 
phloroglucinol, and a* a result suggest that this 
colouring mattor is the 1.3: l'-trihydroxy- 
flavonol : — 



\/WC-°H 
HO ( U 


A substance indeed of this constitution in the 
form of its trimethyl other has been synthesised 
by Bargellini and Peratoner (Gazetta, 1919, 49, 
64) by the usual methods of flavonol synthesis. 
Thus 2 hydroxy 4 : 6-dimethoxy phenyl methyl 
ketone (phloracetophenone dimethyl ether) con- 
densed with salicylic aldehyde methyl ether 
yields 2 hydroxy 4:6:2' trimethoxy phenyl 
styryl ketone I. : — 

OH OMe 

I MeO<^)^0--CH : CH~<^^ 

Vol. II.— T. 


whioh by means *of 
acid gives 5 ^7 : 2' ibri 


)hoHc hydroohlono 
flavan<me II. : — 





The iso-nitroso derivative of this latter when 
heated with hydrochloric acid in acetic acid 
solution gives tho trimethoxy flavanono 


MeO 

M rr°TO 

MeY Xc °- C0H 


crystallising in pale yellow needles, m.p. 158°- 
160°, and giving with sulphuric acid an intensely 
green fluorescent solution. This is probably a 
trimethyl ether of datiscetin. 

Dattscm (J 2 ,H 24 O n (8. and M.), the glueosidf? 
crystallises in silky needles, which melt at about 
190°, and dissolve in alkalino solutions with a 
yellow colour. Hydrolysis with dilute sulphuric 
acid yields datiscetin and rhamnosc, not datis- 
cetin and glucose, as Btated by Stenhouse (/.c.). 

The dyeing properties of datiaca root on wool 
aro very similar to those of old fustic. It is, 
however, slightly inferior in dyeing power, 
On cotton it dyes more like quercitron bark, in 
so far that tho olives obtained on iron mordant 
are bluer in shade, as though some tannin matter 
were present. It appears to have about the 
same colouring power as quercitron bark, but 
gives a brighter yellow with aluminium mordant. 
Applied to wool, it differs from quercitron bark 
by giving with chromium mordant an olive- 
yellow which is not of such a reddish tinge, and 
with tin mordant a bright yellow instead of an 
orange. It is an excellent dyestuff, and worthy 
to rank with the natural yellow mordant 
colouring matters at present in use (Hummel 
and Perkin, J. Soc. Chem. Ind. 1895, 14, 458). 

A. G. P. 

DATISCIN v. Datisca cannabina. 
DATISCETIN?;. Datisca cannabina. 

DATOLITE. A native boro-siheate of cal- 
cium HCaBSiOj, containing B 2 0 8 21*8 p.c. 
Monoclinic crystals, with a profusion of small 
brilliant faces, many with five-sided outlines, 
aro of common occurrence ; these are usually 
transparent and colourless, or with a faint 
greenislf tinge ; sp.gr. 3 0. The mineral most 
of ton occurs associated with zeolites* in the 
amygdaloidal cavities of basaltic rocks, e.g, in 
the neighbourhood of Edinburgh and Glasgow, 
and at Bergen Hill and West Paterson in New 
Jersoy. It, however, presents several other 
modes of occurrence, viz. in granite at Baveno 
in Piedmont ; in diorite at Rosskopf in Baden ; 
in gabbro with copper ores at Monte Catini in 
Tuscany ; in ‘ limurite ’ (an axinite-pyroxenite) 
at DundHs in Tasmania ; in serpentine in the 
Lizard district in Cornwall ; in caleite veins in 
sandstone at Sonthofen in Bavaria ; in veins of 
silver ore at Andreasberg in the Harz Moun- 
tains ; in the Lake Superior copper mines (here 
in a compact, opaque, white form resembling 
unglazed porcelain) ; in kedt of magnetite in 
gneiss at Arendal in Norway. L. J. S. 

2 I 
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DATURA STRAMONIUM v. Tropeines. 

DAUCINE C.,H lg N t , colourless, oily base, 
b.p. 240°-25(K Vpcurring in carrot leaves 
(Pictet and Court, p 'Z< 1907, 40, 3771), together 
with pyrrolidine. 

DEAD DIPPING. The process of producing 
a pale-yellow dead surface on ornamental brass- 
work. The brasswork, after the final stamping, 
with its adhering black scale from the annealing 
oven, is placed in dilute nitric acid until the 
soalo is detached, when it is removed and 
washed with water. It is next plunged into 
stronger nitric acid, and when its surface is 
ooverod with minute gas bubbles, it is washed 
in a solution of argol and dried in hot saw- 
dust. 

DEAD OIL. The higher boiling fractions of 
shale oil, from which the greater portion of the 
solid paraffin lias been crystallised out. . 

DECACYCLENE C 3g h 18 . A hydrocarbon 
obtained together with fluorocyclone (' 4g H 28 
and elilorcne (! 48 H 2# by heating amiaphthcne 
with lead oxide at 370°~380° (Dziewonski and 
Suknarowski, Bor. 1918, 51, 457). 

m DECAHEXANEDICARBOXYLIC ACID 
C0 2 H(0H.J 18 ( 'OjjH. Prepared by the electro- 
lysis of an aqueous solution of the potassium 
salt of the monoethyl ester of suberic acid, and 
hydrolysing the diethyl ester thus formed 
(Brown and Walker, Annalen, 261, 125) ; 

m.p. 1 1 8°. 

DECAMETHYLENEDICARBOXYLIC ACID 

C0 2 H*[(’H 2 l, 0 *CO 2 H. Prepared by heating the 
methyl ester of bronpindeeylic acid with alcohol 
and potassium cyanide, and hydrolysing the 
.product with alcoholic* potassium hydroxide 
(Ndrdhnger, Bor. 1890, 2357) ; m.p ' 124*5°- 
125*5°. 

DECATOIC ACIDS C 10 H 20 () 2 . 

1. Ca-prir and ( !II a (f!H ,) s (‘()OH is found as 
a glyceride in the butter of the cow and goat, 
and in cocoa-nut oil, in association with caproie 
and cupryhc acids. Many fusel oils also contain 
it (Fischer, Annalen, 118, 307; Grimm, ibid 
157, 204 ; Rowney, ibid. 79, 230), and it is found 
as j.'ioamyl caprate m certain Hungarian wines, 
and is formed by the oxidation or distillation of 
oleic acid (Rcdtonbaoher, ibid. 59, 45), and by 
heating octylacetoaeetio estor with alcoholic 

{ >otash (Guthzeit, ibid 204, 6). A white crystal- 
ine substance of m.p. 31*3° ; b p. 208*4° (corr.) ; 
sp gr. 0*8858 at 40°/4° ; possessing a goat-like 
smell ; insoluble in cold water, but slightly 
soluble in boiling water. 

2. DiLidmtylacdic'acM 

fCH(CH 3 ) 2 GH 3 ] 2 OH-COOH 
Obtained by heating diwobutylmalonic acid 
(Bentley and Perkin, Ohem. Soe. TranR. 1898, 
62) ; b.p. 225°-230° (730 mm.). 

DECHENITE v. Vanadium. 

DECOIC ACID, CAPRIC ACID v. Decatoic 

AOID. ♦ 

DECOLOURISING CARBONS. This tevm 
has been applied to nearly pure forms of carbon, 
possessing remarkable decolourising powers, 
and manufactured only within the last ten 
years. In this article it will be convenient to 
groups these special carbons separately from 
those which have b&n employed as decolorants 
for over a century. 


(a) Vegetable Charcoal s. 

The decolourising property of wood charcoal 
was first observed bv Lbwitz in 1791, and was 
used for treating beet-syrup. An improved 
charcoal, produced by washing and grinding, 
was patented by Louis Constant in 1812, and 
employod in the refining of sugar. Wood char- 
coal is manufactured by burning wood in special 
ovens, or in heaps, air being excluded. Oven 
charcoal has the composition : carbon, 81 p.c. ; 
hydrogen, 4 p.c. ; oxygen and mineral matters, 
15 ]> c. Charcoal burnt in heaps has the com- 
position : carbon, 90 p.c. ; hydrogen, 2*5 p.c. ; 
oxygon and mineral matters, 7*5 p.c. Rlasen 
and Bergh (Choni. Zcit. 1910) state that the 
oven-charcoal absorbs 15 p.c. by weight of 
oxygen at 100° C. The decolourising power of 
most vegetable charcoals is very slight, but 
superior qualities aro obtained from cherry 
stones, cocoanut, and certain grasses. But if 
wood be treated with certain chemicals beforo 
being carbonised, the resulting charcoal is a 
%ery efficient decolorant (ace group (c) below). 

(b) Animal Charcoals. 

In 1811, Kiquier proved that bone charcoal 
was a far more eflcctive decolorant than wood 
charcoal. In 1815, Messrs. l\ and J. Martineau 
patented tho use of bone charcoal for refining 
and clarifying sugar solutions. In 1817, De 
Cavadlon patented the calcining of bone charcoal 
after it has been used as a decolorant, rendering 
it 4 superior to new charcoal, and the operation 
may no repeated any number of times with 
equal effect ’ Up to the year 1828, bone 
charcoal was used in the form of fine powder, 
mixed with the liquid to ho decolourised, and, 
finally, separated therefrom by filtration. 
Payen, in 1828, introduced an important im- 
provement, the ‘ bone-char ’ being produced in 
a granular form, permitting the Ryrup (or other 
liquid) to lie filtorod through the bono-char in 
‘ char ciRterns ’ or ‘ char filters,’ first designed 
by Dumont. The granular charcoal acted as 
efficiently as the powder, and avoided the 
troublesome filtration to separate the powder 
from tho liquid. The granular form was also 
more suitable for burning in order to restore its 
activity after it becomes charged with organic 
impurities absorbed from tho liquid under 
treatment. Dumont’s ‘ char filter ’ was of the 
open type, operating by gravity. The modem 
vessels are closed, and operato under pressure, 
and tho same liquid may pass through two or 
even throe filters, if necessary. 

Formerly, bone -char was employed for 
decolourising both beet and cane juices, in order 
to produce white sugar direct from the plant. 
Loss costly methods of purifying those juices havo 
led to the abandonment of bone-char in the raw 
sugar factory, and its application in the refinery 

Manufacture of Animal Charcoal. The bones 
employed should be carefully selected, hard, 
and free from extraneous matter. Whale and 
fish bones are not of a suitable character, 
as they yield a soft char. Bones which have 
been exposed to atmosphoric action for a long 
time, or which have been buried in the ground, 
cannot be successfully employed, as, owing to 
the alteration in their composition, they proauce 
a char deficient in carbon. 



DECOLOURISING CARBONS. 


Before proceeding to carbonise the bones, 
the fat is removed by boiling, or by means of a 
suitable solvent such as benzene. By the first- 
named treatment from 4 to 5 p.c. of fat is ex- 
tracted, and by the second from 8 to 12 p.c. 

The crushed bories are carbonised in appa- 
ratus similar to that used in a gasworks, in 
vertical or horizontal iron retorts of around, oval, 
or 1) section, the latter by preference. The length 
of the horizontal retort is usually from 8 to 10 
feet, the long diameter being 18 inches and 
the short diameter of tlie oval retort 12 inches. 
There are usually five or seven retorts in each 
bed. The retorts are connected m the same 
way as gas retorts, with a hydraulic main, and 
this again with condensers or scrubbers tilled 
with coke, in which the bone oil separates, and 
from which the gases are exhausted. The gases 
are then forced through a series of washers 
containing water to remove tho ammonia, the 
residual gases, which are employed for heating 
and lighting purposes, finally passing into a gas- 
holder. Charges of about 2| nwt of bones are 
carbonised in a ertioal, and 5 ewt. m horizontal 
retorts, the operation taking about 6 to 8 hours 
with tho former, and 8 to 10 hours with the latter. 
The bone oil. collected in tho condenser, amounts 
to from 3 to 5 p.c. on the bones carbonised, and 
tho ammonia m the ammomaeal liquor is ecpial 
to about 8 p.c. of ammonium sulphate, into 
wliicn it is converted m the usual way. When 
the bones are completely carbonised, the char- 
coal is removed from the retorts and cooled in 
strong sheet-iron canisters, which are at once 
covered with closely fitting lids and luted round 
tho edges, either with charcoal paste, or a water 
1 ito. The char, when quite cold, is crushed m 
a suitable mill (any iron it may contain being 
removed by passing over the poles of an electro- 
magnet), and then sifted into various sizes to 
suit the requirements of the sugar- refiner. It 
is usually moistened before grinding, to keep 
down the dust. Good bones yield about 05 p.c. 
of char, but from 20 to 30 p.c. of this is dust, 
which fetches a lower price than the larger grist. 

The following is the approximate composition 
of a good sample of new bone charcoal 


Carbon . . . . 10*51 

Calcium and magnesium phos- 
phates, calcium fluoride, &<;. 81-21 

Calcium carbonato . . . 7 30 

Calcium sulphate . . . .0-17 

Ferric oxido .... 0-12 

Silica 0-34 

Alkalino salts 0-35 

100 00 

Moisture originally present . 8 '00 


Spaoe occupied by one ton, 48 cubic feet. 
Weight of ohar left on sieves of various 
degrees of fineness : — 


Above 10 holes to linoar inch . 0 

' 10 to 20 „ „ „ . 28 

20 to 30 „ „ , . 32 

30 to 40 „ „ „ . 27 

40 to 50 „ „ „ . 11 

Through 50 „ „ or dust 2 


100 


New charcoal of good quality should, in the 
dry state, contain not lees than 9 and not more 
than 11 *5 p.c. of carboy. The silica should not 
exceed 0*5 p.c., the oxide of iron 0*15 p.c., the 
calcium sulphate 0-2 p.c., and the moisture 
8 p.c. Its weight should not exceed 52 lbs. per 
cubic foot. It should bo of a dull blaok colour, 
and, when incinerated, leave an ash of a uniform 
white or cream colour ; tho presence of grey or 
roddish particles indicates that the sample has 
been mixed with old charcoal. When brought 
in contact with the tongue, it should adhere to 
it somewhat strongly. The size of grain depends 
upon the use to which it is to be applied. Large- 
gram charcoal is preferable for Btrong liquors, 
such as that used for washing loaf sugar. 
Refiners, as a rule, prefer small grain ; if, how- 
ever, it be very small, it impedes the passage 
of liquor and also gives considerable troublo in 
washing. Char may be used over and over again, 
and sometimes lasts several years, being revivi- 
fied from time to time by reburning in special 
kilns (,vr« Sugar). When, by continued use, it 
has lost its power of removing colour, it is known 
as spent char, and is then used as a manure, 
generally after treatment with sulphuric acid, so 
as to form superphosphate of lime. 

The carbon always contains a certain pro- 
portion of nitrogen, amounting to about one- 
tenth of its weight ; also a minute proportion 
of hydrogen The nitrogen present dec leases 
whilst the bone charcoal is being used for sugar- 
refining. 

When char is repeatedly reburned, it becomes 
less porous and shrinks m volume, so that a ton, 
which measures 48 to 54 cubic feet when new, 
may be reduced to 28 cubic feet after being 
rebumed many times ; in other words, its 
apparent density may be nearly doubled. 

Wallace has, however, shown that tho real 
sp.gr. vanos but little ; thus, a new char, occu- 
pying 50-5 cubic feet per ton, or having an 
apparent sp.gr. of 0-71, 1ms a real sp.gr. of 
2-822, whilst a modorately old sample, occupying 
35 cubic feet per ton, pr having an apparent 
sp.gr. of 1-03, has a roal Hp.gr. of 2-857, or only 
a trifle over that of the now. 

Another proof that char loses its porosity 
by long-continued use and reburning, is afforded 
by the fact, pointed out by Wallace, that dry 
new char will absorb from 80 to 100 p.c. of its 
weight of water, whereas old char will only retain 
from 30 to 45 p.c. 

Properties . — Although the decolourising pro- 
perty is tho most important, bone-char absorbs 
other organic and mineral substances from their 
solutions. Tilliot was the first to prove that the 
absorption of organic matter increases with the 
temperature, hnd Kohlrausch first demon- 
strated that the absorbed colouring matters 
romain chemically unchanged, and can bo 
extracted from tho charcoal by washing it with 
ammonia, in which the colouring matters dis- 
sqjve. If was proved by Graham that various 
mineral substances are removed from solution 
by animal charcoal ; thus the lime is taken up 
from lime wator, and metallic salts are absorbed 
from their solutions in water. According to 
Chovallier, lead nitrate and acotate are com* 

E letely removed by animal charcoal. Weppen 
as shown that this action extends to a great 
variety of metallic salts, including cupric, zinc, 
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chromic and ferrous sulphates, nickel, cobalt, 
silver, mercurous and mercuric nitrates, tartar 
emetic, stannous chloride, and ferric acetate. 

As the result of a number of experiments on 
the absorption of different salts by animal 
charcoal, Bodonbendor arrived at the following 
conclusions : — 

1 . The power of absorbing salts is a physical 
property. 

2. A given weight absorbs a larger proportion 
of salts from a concentrated than from a dilutod 
solution ; on the other hand, the proportion 
absorbod from a constant quantity of salts is 
more considerable when this quantity is in a 
dilute, than when it is in a concentrated, solution. 

3. The presence of sugar has only a slight 
influence on the absorption of salts. 

4. The salts of potassium are absorbod in 
smaller proportion than those of sodium. 

5. Among the salts experimented with, the 
amount taken up is in the following order, 

* beginning with that least absorbed : potassium 
chloride, sodium chloride, potassium nitrate, 
sodium nitrate, potassium acetate, sodium 
acotate, potassium sulphate, Bodium sulphate, 
magnesium sulphate, potassium carbonate, 
sodium carbonate, sodium phosphate. 

6. A chemical action of charcoal has been 
observed with respect to some carbonates, oxa- 
lates, and other salts, being brought about by 
the presence of calcium sulphate and phosphate 
in the charcoal. 

7. Charcoal, saturated with one salt, is 
capable, within certain limits, of withdrawing 
another salt from solution. 

8. Then? is less absorption of a salt when 
the contact is brief than when the contact is 
prolonged. The difference due to time of contact 
ceases when the contact has lasted some hours. 

Investigations by W. B. Clark (J. Soc. Chem. 
Ind. 1912, 292) indicate that tho decolourising 
power of bono-char depends very largely on the 
quantity of mineral matter and reducing sugar 
in the liquor treated in the sugar refinery. The 
first portion of syrup leaving the char filter con- 
tains only about 60 p.c. of the reducing sugar, 
and 30 p.c. of tho mineral matters originally in 
solution. After these have been absorbed by 
the char, they are subsequently set free, so that 
the final portions of syrup contain even more 
reducing sugar and mineral matters than were 
originally in solution. At this stago there is a 
gradual decrease in the decolourising power of 
the char. After the syrup inlet has been closed, 
hot water is passed through the char to displace 
the syrup. In this wash-water, tho reducing 
sugars and mineral matters are present in con- 
sicferable quantities. This washing treatment 
restores the normal activity of the char, although 
the washed char still contains much organic 
matter, which can bo extracted by means of 
caustic soda solution. Clark remarks that the 
behaviour of char closely resombles diffusion, the 
ohar itself acting as a dialyser, perriiitting $ho 
crystallisable sugar to diffuse through it more 
rapidly than the other substances present. Bono- 
char attains its maximum efficiency after being 
used, washed, and burnt several times. The 
porosity is thereby reduoed, as also is the per- 
centage of organio matter other than carbon, and 
the percentage of calcium oarbonate is reduced 
from about 9 to 3 p.c. The residual calcium 


exists as a basic phosphate, which is partially 
decomposed by heating the ohar with dilute 
acids, causing an increase in decolourising 
power. 

New char exerts a slight oxidising action on 
colouring matters which are not absorbed by 
it. Degener and Lack state that freshly ignited 
bone-char, moistened with wator, and exposed 
to light and air, produces a perceptible quantity 
of hydrogen peroxide, and is thus rendered more 
active than the untreated char. If milk of lime 
bo sprinkled over tho ohar, calcium peroxide is 
produced. * 

The high decolourising power of bone -char 
relative to wood charcoal was formerly supposed 
to be due to the presence of 5-7 p.c. of nitrogen 
in the former, and only traces in the latter ; but 
this view has now boen abandoned in favour of 
a physical, or purely mechanical, action. 

Charcoal prepared from flesh has about tho 
same decolourising efficiency as that made from 
bone. Blood charcoal is less efficient. Fish 
Charcoal ft tho subject of a patent by Adler, 
1913. The finoly minced fish is boiled with 
wator, carbonised, and the resulting charcoal 
washed with hydrochloric acid. 

(c) 1 Decolourising Carbons' 

As stated under (a), very active carbons 
can be obtained from various woods when 
these arc chemically treated boforo being 
carbonised. The earliest patent appears to be 
that of R. von Ostrejko, in August, 1900, for 
troating wood powder with calcium chloride or 
magnesium chloride before carbonising, and 
subsequently treating the carbon with acid to 
extract tho lime. In a later patent, October, 
1900, he employs calcium acetato or chloride, 
and starch mucilage. Subsequent patentees 
employ sulphuric acid at 200° C. (Halse, 1902) ; 
earthy lignites treated with kaolin (Goldstein, 
1907); carbonaceous matter of animal or 
vegetable origin is ignited in the presence of 
I chlorine gas (Molenda and Wunsch, 1912) ; peat 
troatod with hydroxides or carbonates of potas- 
| sium, sodium, calcium, or barium (Kruszewski, 

1912) ; wood treated with zinc chloride (Wunsch, 

1913) ; wood treated with calcium oxide or 
carbonate (Bonnard, 1914).' 

Two very successful carbons are the Dutch 
‘ Norit ’ and tho German ‘ Eponit.’ 

‘ Norit ’ is a fine black powder, containing 
94-96 p.c. carbon, and 4-6 p.c. mineral matters. 
It possesses about 30 times the decolourising 
power of bono-char, and about 100 times that 
of wood charcoal. The activity increases in the 
presence of acids, but diminishes in the presence 
of alkalis. 

4 Eponit ’ is also a fine powder, containing 
carbon, 86 -5 p.c. ; mineral matters, 4*1 p.c. ; and 
moisture, 9*4 p.c. Experiments by Strohmer 
indicate that it possesses 10 times the decolour- 
ising power of bone-char, and is not influenced 
by the acidity or alkalinity of the liquid treated. 
From his chemical and microscopical examina- 
tion he concludes that ‘ Eponit ’ is a carbonised 
vegetable substanoe, probably wood. 

More recently, a Committee of the Royal 
Society of London has investigated this carbon, 
and attempted to reproduce it by carbonising 
various kinds of wood. The conclusion arrived 
at was that ‘ Eponit ’ is made from a mixture 
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of coniferous wood, Buch as pine or cedar, and 
angiospermous wood, such as poplar or willow. 

Following Ostrejko’s patent {see above), the 
Committee oarried out the following oxperi 
ments : — 

(a) A mixture of pine and willow woods was 
treated with oalcium acetate and starch, 
carbonised at a white heat, and tho resulting 
carbon boiled with hydrochloric acid, washed 
with water, and heated to a red heat in a retort. 

(b) Cedar wood was treated with calcium 
acetate alone, before carbonising, and the same 
subsequent treatment. 

Both (a) and (b) proved superior to ‘ Epomt.’ 
Further experiments with cedar and willow wero 
conducted as follows : (a) untreated ; (b) 

treated with milk of lime ; and (c) with calcium 
acetate bofore carbonising at a white heat, 
subsequent treatment as before. The following 
results were obtained : (a) both charcoals were 
useless for decolourising purposes ; ( b ) and (c) 
both woods gave very active charcoals, equal to 
‘ Eponit,’ ('•) being slightly superior to (h). 
The Committee concluded that the type of 
wood has little or no influence on the result, 
and that probably any potous wood, after 
similar chemical treatment, would yield an active 
charcoal. Further, that the treatment with 
milk of lime is loss costly than that with calcium 
acetate, and tho resulting carbon is practically 
equal in decolourising power. 

Pellet (Bull. Assoc. (Jhim. Suer. 1916, 33. 
220-227) has studied tho relative decolourising 
powers of numerous carbons and charcoals 
Tolativo to £ Eponit ’ taken as standard. He 
employed a dilute solution of molasses, previously 
clarified with basic lead acetate and tho clear 
solution acidified with (a) hydrochloric ; and (b) 
sulphurous acids. As some of the carbons 
gavo slightly different values in the presence of 
these different acids, the two following senes 
were obtained, in which ‘ Eponit ’ is tho most 
efficient : — 

(a) With hydrochloric acid : Eponit, 1 ; 
Littoral, 2 ; Flandrae, 3 ; Flaming, 4 ; special 
carbon for wines, 5 ; bono-char, 6 ; special 
carbon, 7 ; bono-char washed with acid, 8 ; 
cherry stone carbon, 9. 

(b) With sulphurous acid: Eponit, 1; Flandrae, 
1 ; Littoral, 2 ; special carbon, 3 ; special carbon 
for wines, 5 ; bone-char washed with acid, 6 ; 
Flaming, 7 ; bono-char, 8; cherry-stone carbon, 9. 

‘ Norit ’ and ‘ Epomt ’ resemble bone-char m 
absorbing organic and mineral matters from the 
solutions treated by them, and thus gradually 
losing their activity. This can be restored by 
two methods : (a) carbonising, so as to destroy 
the organic matter ; and (6) by boiling with 
dilute caustic soda, which dissolves tho organic 
matters, after which the carbon is separated in 
a filter-press, and washed with hot water until 
free from alkali. 

In the former method, a special type of 
kiln must be employed (Wijnberg’s Patent, 1916). 
The seoond method was patented by Wijnberg 
and Sauer in 1911 and 1912, and requiros no 
speoial plant, but appears to have been applied 
to bone-char many years previously. In another 
tent by Wijnberg, in 1915 Norit is employed 
facilitate filtration of sugar juices through 
cloth-filters, owing to its power of absorbing 
gums and peotins. 


| (a) Mineral VarOons. 

| Coal, or other bituminous substanfee, is 
impregnated with an alkali, or alkali carbonate, 
and some time later with an acid ; or first with 
acid, and later with alkali, before ignition in 
retorts (Lotz, 1). R. P. 1911). 1 Culm,’ a bitu- 
minous mineral present in the alum Blate of 
Sweden, is dry distilled, the residue leached with 
acid, and washed with water. It can be re- 
generated by washing and re -heating (Hellsing, 
Eng. Pat. 1913). Coal is heated with excess of 
anhydrous zinc chloride in an open vessel until 
the chloride begins to volatilise. The mass is 
cooled, crushed, washed in a filter press with 
dilute hydrochloric acid, and finally with water 
(Wunseh, Eng. Pat. 1914). The residue from 
shale-oil distillation is carbonised (Catlin, 
U.S. Pat. 1917). 

(c) Carbons produced from Industrial By 
Products. 

Clacher claims that an active carbon can b# 
prepared from ‘ bagasse, ’or crushed sugar cane, 
after the extraction of the juice (int. Sugar 
Journ. 1914, 64 66). The Pan Chemical Co., 
U.S.A , manufacture an active carbon from the 
by-product obtained in the manufacture of 
salts of tartanc acid from argol. This residue 
contains 50 p.c moisture, and GO p.ci. crude 
fibre with lane and sand. It is dried and heated 
m retorts (U.S. Pat. 1912). Matheus (Papior- 
fabnkant., 1911, 9, 1435) evaporates sulphite 
waste lyes with milk of lane to a thick syrup, 
and finally in flat vessels, until it solidifies, 
forming a brittle mass. This is powdered and 
heated in a closed vessel. 

‘ Black ash residue,’ obtained by evuporating 
the alkali separated from wood pulp, consists 
mainly of ear bon with 1-6 p.o. of ash. The 
percentage of ash can be reduced to about 
0*8 p.c. by washing the residue with hydrochloric 
acid. The washed carbon has ten times the 
decolourising power of bone-char (McKee, 
U.S. Pat. 1914). T. H. P. H. 

DEGRAS, or SOD OIL, is the waste fat 
obtained in the chamoising process, and is used 
for currying purposes, i.c. dressing bark-tanned 
or chrome-tanned leather. The skins which 
are to be converted into chamois leather, are 
first ‘ limed,’ the hair is then removed and the 
unhaired hides are ‘ drenched,’ i.c. placed in a 
‘ sour bath,’ in which the free lime is neutralised 
through the development of an acid fermenta- 
tion, (mused by Bacillus furfuris. The skins are* 
then stretched and well rubbed with whale oil, 
or cod (liver) oil, in tho United States with 
menhaden oil, anti worked in 1 stocks,’ so as to 
become thoroughly saturated with tho oil. 
The Bkins are then exposed to thp air, and the 
process of rubbing with oil and stamping in the 
stocks is repeated until enough oil has been 
absorbed. By exposure to the atmosphere, a 
portion j>f the oil becomes changed, and is most 
likely converted into tho glycerides of ‘ oxidised ’ 
acids. In order to promote the oxidation of the 
oil, the skins arc heaped togother in a warm 
room, and covered carefully with cartas, so as 
to keep tho generated heat in the heap whereby 
a largo proportion of the oil is converted into 
* oxidised ’ oil. The bulfc of the oil is expressed 
from the skins by pressure, the remainder of the 
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oil retained by the skins being removed by one 
of the two following methods, known respectively 
as the English and German method, or the 
French method. In the English and German 
method, the skins are washed with alkaline 
lyes ; tho emulsion thus obtained is acidified 
with sulphuric acid, when the fatty matter 
separates and is skimmed off. This fatty 
substance forms, the ‘ sod oil ’ of commerce. 
In tho French method, the skins are ‘ stocked,’ 
aired, and ‘ fermented ’ for a shorter period 
than in tho English or German method, so that 
a large proportion of the oil can bo obtained 
from the skins by steeping them in warm water, 
and wringing or pressing in hydraulic presses. 
The od thus obtained is termed ‘ premiere torse 
moellon.’ The oil still retained by the skms is 
recovered by washing with alkaline lyes, as is 
done in tho English and German method, and 
the fatty matter so recovered is usually added 
to the moellon An addition of other oils is 
also made to moellon, and for this reason the 
commercial product contains less fibre and 
mineral matter than sod oil. 

The most characteristic constituents of d6gras 
arc the oxidised fatty acids. 

According to Jean, the characteristic oxida- 
tion product is a resin-like body melting at 
G5°-G7°. This substance is insoluble in petro- 
leum spirit, but dissolves in alkaline solutions, 
from which it is again precipitated on the 
addition of acid. It has been termed d< s ynis 
former by tSiruand, and haB been shown by 
Fahrion to be composed of a mixture of hydroxy 
acids and anhydrides. 

Degras is largely admixed with fish oils, 
blubber oils, tallow of low quality, &o. Accord- 
ing to trade custom, such products are con- 
sidered as » genuine product. On the other 
hand, the numerous substitutes of degras, or 
artificial dtgias, winch occur in commerce, 
consist of highly adulterated degras, tho 
adulterants being mineral oils, wool fat, or 
blown blubber oil, ai;d rosin. Analyses of 
d6gras and sod oils of different kinds are given 
in J. Soc. Chcm. Ind. 1891, 10, 557; 1892, 11, 
639; and J. Amer. Chem. >Soc. 1899, 21, 291. 

J. L. 

DEHYDROTHIO -p TOLUIDINE, DEHYDRO- 
THIO p-TOLUIDINE SULPHONIC ACID, v. 

PrIMTTLINE AND ITS DEIUY AT1V F.s. 

DEHYDROTHIO m XYLIDINE 



is prepared by heating nt-xylidino with sulphur 
until hydrogen sulphide ceases to be evolved 
(cf. Dohydrothio-p-toluidme ; Art. Primuijne). 
The excess of m-xylidine is removed by distilla- 
tion and tho residue treated with hydrochloric 
acid, in which tho tsodohydrothio-wffcylidinq 
(m.p. 121°), formod simultaneously, is insoluble ; 
m.p, 107° ; b.p. 283°/14 mm. Insoluble in 
water, readily soluble in hot alcohol (Anschutz 
and Schulte, Ber. 1889, 22, 582 ; Paul, Zeitseh. 
angew. Chem. 1896, 9, 679). 

DELPH1NE BLUE* v . Oxazink colouring 

MATTERS. 


t SOB OIL. 

DELPH1NIDIN, DELPHININ, v. Antho- 

cyanins. 

DELPHININE C 8l H 48 0 7 N is one of a series 
of ill-defined poisonous alkaloids, including 
delphisine, delphinoidine , siaphisagroine, and 
staphisagroidine, found in stavesacre seeds 
( Delphinium Slaphisagria (Linn.). Official in 
the B. P. and U.S. P. (Kora-Stojanoff, Chem, 
Zentr. 1890, (n.) 628, and Ahrens, Ber. 1899, 32, 
1581, 1669.) Delphinium consolida and D. 
ajacis, according to Keller (Arch. Pharm. 1910, 
248, 468 ; 1913, 251, 207), also contain alkaloids. 
From various Delphinium spp Heyl has ob- 
tained ‘ delphocurannc,’ an amorphous mixture 
of bases, including a crystalline substance, 
m.p. 184 a ~185° (Chem. Soe. Abstr. 1903, i. 650) 

‘ Delphocurarino ’ resembles curarine in 
physiological action (Lehmann, Pflug. Arch. 
1902,92,398). 

DELPHINIUM CONSOLIDA. Delphinium 
consolida is a common European plant belonging 
to the Larkspur family ; its name refers to its 
powers, real or imaginary, of healing or con- 
solidating wounds. The blue flowers were 
examined by Perkin and Wilkinson (('hem. Soc. 
Trans 1902, 81, 585) to deteunine if these yield 
the same colouring matters as those previously 
isolated from the flowers of the l>. zalil (ibid. 
1898, 73, 267). The presence of kucmpferol 
only could, however, bo detected. For its 
isolation an aqueous extract of the flowers 
was digested at the boiling-point with addition 
of sulphuric acid, and the brown resinous 
product which separated on keeping, extracted 
with alcohol and the extract evaporated to a 
small bulk. Addition of ether to this solution 
caused the precipitation of resinous impurity, 
and on evaporating the ethereal liquid a semi- 
erystallinc residue of the crude colouring matter 
was obtained. The product was crystallised 
from dilute alcohol, converted into acetyl 
derivative, and this after purification retrans- 
formed into colouring matter in the usual 
manner The yield waH approximately 1 p.c. 

Kaempferol (Jj.H 10 O 0 consists of yellow 
needles, m.p 276 --277°, soluble in alkaline 
solutions with a yellow colour. These liquids 
on exposure to air are slowly oxidised with 
development of a brown lint* 

Tetra -acclylka empf i vrol C , 5 H A) »( 0 a H a 0 ) 4 

when crystallised from methyl alcohol forms 
colourless needles; and when heated commences 
to inelt at 116° and becomes completely fluid 
at 120°. On further heating, however, gradual 
solidification ensues and the product subse- 
quently melts at 181°-182°. This peculiarity of 
acetylkaompferol, which is not apparent when 
the substaneo is crystallised from ordinary 
alcohol, affords a convenient method for its 
detection. 

Tnbromhaempferol C, 6 H 7 Br 3 0 8 forms yellow 
needles, m.p. 275°-277 b ; kaempferol sulphate 
C 15 H 10 O 8 H 2 SO 4 , orange-red needles; kaemp - 
ferd hydriodide C u H 10 O g HI, needles, and 
monopotassium kaempferol C u H 6 0 e K, orange- 
yellow prismatic needles. 

Kaempferide, a monomethyl ether of kaemp- 
fcrol, exists in Galanga root, and a mono- 
methyl ether, apparently distinct from this 
latter, has been isolated from the berries of the 
Rhamnus catharticus. The glucosides at present 
known of kaempferol are robinin , whioh occurs 
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in the flowers of the Robinia pseudacacia ; kaernp- 
feritrin, found in the leaves of the Indtgofera 
arreda ; and kaempferin, which has been isolated 
from senna. 

Fused with alkali, kaempferol gives phloro- 
glucinol and p-hydroxybenzoic acid. 

To kaempferol v. Kostanccki assigned the 
constitution of a trihydroxyflavonol (Ber. 1901, 
34 , 3723) :— 

/ 0 \ / \ 


■fi YC 


and its synthesis was subsequently effected by 
v. Kostanecki and Tarnbor (Her. 1904, 37, 792). 

2-llydroxy -4 : 0 : 4 ' -trimtihoxychalkon c (1) 

when digested with boding dilute alcoholic 
sulphuric acid gives 1:3: 4'-trimethoxy flava- 
none (2) : — 


and the latter by means of amyl mtute and 
hydrochloric aci(i is converted into uto-vihono- 
1:3: A’-trimethoxyfhwauouc (3). 

When a solution of this substance in acetic 
acid is boiled with 10 p e sulphuric acid 1 : 3 : 4'- 
trimethoxyfluvonol (4) is produced, from which by 
(he action of hydnodic acid kaempferol (5) is 
readily prepared : — 



Kaempferol possesses well-defined dyeing 

S orties, and gives with mordanted woollen 
the following shades which closely resemble 
those givdh by morin : — 

Chromium. Aluminium. 

Brownish-yellow. Yellow. 

Tin. Iron. 

Lemon-yellow. Deep olive-brown. 

It is also present m the Im-patiem halmmina 
(Chantili Pass), the Erythrina sir iota (vernacular 
^name ‘Kon kathet’) (Perkin and fehulman, 
Chem. Soc. Proc. 1914, 30, 177), the berries 
of the Rlumnus cutharticue and together 
with quqrcetin, both apparently as glucosides, 
in the flowers of the Prunus spivosa (Perkin and 
Phipps, Chem. Soc. Trans. 1904, 85, 56). For 
the separation of the two colouring matters a 
fractional crystallisation from acetic acid was 


employed, kaempferol in th&e circumstances 
being the more sparingly soluble. A. Q. P.‘ 

DELPHLEGMATOR. An apparatus used in 
fractional distillation. The term is also em- 
ployed in distilleries for an apparatus for freeing ' 
alcohol from water (phlcgma). 

DELTA ACID. Disulpho acid 8. 1-Naph- 
thylammo-4 : 8-disulphonic acid. 

DELTAPURPURIN v. A^p- colouring 

MATTERS. 

DENATURANTS. This term is applied to 
substances which are added to articles usually 
subject to revenue imposts, and primarily 
intended for human consumption (as spirits, 
tobacco* &e.) in order to render such articles 
unfit for human consumption, but without 
impairing their efficacy as raw material for use 
m various arts and manufactures. Articles thus 
’ denatured ’ may safely (from a. revenue point 
of view) be released from revenue control 
without payment of duty. 

The principles undei lying the choice of 
suitable denaturants are mainly as follows : — • 

{a) They should be inexpensive, so as not to 
add materially to the cost of t he denat urod article ; 

(b) Their use should cause the minimum 
amount of inconvonienco to the manufacturer, 
both in i ogard to his processes and the necessary 
revenue' supervision involved ; 

(r) The (lenatiirant should not bo incom- 
patible with the process of manufacture or the 
subsequent use of the denatured article ; 

(d) It should be ot such a nauseous and 
repugnant character as to remove any tempta 
turn to would-be consumers of the denatured 
ai tide ; and 

(c) The denaturant should have such a 
relation to the original article both in quantity 
and character as to preclude its removal from 
the mixture by any process which could be 
profitably carried out on a commercial scale, 
and it should bo capable of being readily 
detected even if present in very small quantity. 

In the United Kingdom the dutiable articles 
allowed to lie denatured art' lea, tobacco, wine, 
and j vpiril, the last being by far the most 
important, both by reason of the large amount of 
revenue derived from it, and the great variety 
and extent of its applications in the arts and 
manufactures. 

Tea, before being admitted for consumption 
m the United Kingdom, is examined by the 
Customs under sect. 30 of the Sale of Food and 
Drugs Act, 1875, and, if found satisfactory, is 
passed *>n payment of duty : but if otherwise, it 
is refused admission as 1 tea.’ Since, however, it 
still possesses a certain commercial value as a 
raw product for the extraction of theine or 
caffeine, the Commissioners of Customs and 
Excise usually permit it to be admitted for 
this purpose duty free, after it has been 
effectively denatured in such a way as to 
make it unsuitable for use as a beverage, 
but without interfering with its efficacy as a 
Source eft caffeine. The same applies to those 
teas which have been accidentally damaged 
and are voluntarily withdrawn by the importers 
from salo as * tea.’ « 

In the case of tea, tho denaturing process 
consists in grinding and mixing the tea with lime 
and asafuetida in the proportions of l part of asa- 
fcotida and 100 parts of lime to 1000 parts of tea- 
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Tobacco is dutied on the whole leaf, of which 
certain portions, as the midribs or so-called 
‘ stalks,’ are by manufacturers treated as 
waste or ‘ offal,’ and the same applies to the 
unused portions of manufactured tobacco, 
known as ‘shorts’ or ‘smalls.’ On these the 
duty which has been paid is returned as ‘ draw- 
back ’ to the manufacturer on condition, either 
that the tobacco offal is surrendered to the 
Government for destruction, or (if intended for 
such purposes as the manufacture of nicotine, 
insecticides, sheep dips, &c.), that it is denatured 
according to certain prescribed formulae, and 
under tho supervision of revenue ^officers. 
Denaturing is equally necessary m the case of 
offal from tobacco manufactured in bond 
(although no duty has been paid nor drawback 
given), in order to prevent its fraudulent use as 
a substitute for duty-paid tobacco. 

The following formulae have been officially i 
approved in the United Kingdom for denaturing 
certain preparations having tobacco as a basis : — 
n (a) Sheep wash. To every 100 lbs. of 
tobacco are added 10 lbs. of blue vitriol, 15 lbs. 
of common salt, 2 lbs. of oil of turpentine. 

(6) Tobacco extract manufactured in bond 
may be denatured by adding 30 parts of soft 
soap to 70 parts of extract. 

(c) Hop powder. To every 76 lbs. of snuff or 
tobacco are added 28 lbs. of sulphur, 5 lbs. of 
asafmtida, and 3 lbs. of sago flour. 

(d) Fumigant for horticultural purposes. To 
every 100 lbs. of tobacco or snuff are added 
10 lbs. of ground hellebore, 18 lbs. of saltpetre, 
6 lbs. of asafcctida, 4 lbs. of cayenne, 2 lbs. of 
lampblack, 10 lbs. of sago flour.' 

Wine which has become unsound and sour 
(owing to the formation of acetic acid) so as to 
be no longer suitable for use as a beverage, is 
released from revenue custody after being 
denatured with a view to its conversion into 
wine vinegar. The denaturant used m this ease 
is 20 p.c of commercial vinegar, or an equivalent 
quantity of acetic acid.* 

(For methods of denaturing alcohol, v. 
Methylated spirits and Industrial alcohol, art. 
Alcohol.) J C. 

DENITRIFICATION v. Fermentation and 
Soils. 

DENSIMETER v . Stkcifio guavitv. 

DENTALONE. A solution of ehloretono in 
essential oils. 

DERMATOL. Bismuth mbjaUale (v. 
Bismuth, Organic compounds of ; also Syn- 
thetic drugs). 

DERMOGEN. A trade name for zinc 
peroxido. 

DERMOL. Bismuth chrysophanate. A 
yellowish - brown powder, said to have the 
composition Bi(U 1 # H 9 () 4 ) 3 Bi 2 03 . According io 
Merck, it is a mixture* of impure chrysaro- 
brn and bismuth hydroxide (v. Bismuth 
Organic compounds of ; Chkysarobin and 
Synthetic drugs). 

DERRIS ULIGINOSA (Benth.). The stem of 
this species of derris, used in tho Far East as a 
fish poison, contains a poisonous resin (I J roc. 
Amer. Pharm. Assoc. 1902, 50, 290). 

DESAEGIN (‘Colloidal chloroform’). An 
albuminous substance containing chloroform. 

DESCLOIZITE. A* basic lead and zino 
vanadate, (Pb,Zn) a (OH)V0 4 , crystallising in the 


orthorhombic system, and isomorphous with 
olivenite (basic copper arsenate). A small 
amount of copper is sometimes present. The 
small crystals are deep reddish-brown in oolour, 
and the Btreak is a paler yellowish-brown. It 
occurs in veins of lead ore in association with 
vanadimte, &c., and has been mined to a • 
limited extent in New Mexico and Arizona, as 
a source of vanadium. It also occurs in con- 
siderable quantities in the Sierra do Cordoba in 
Argentina, and at Broken Hill m North-Western 
Rhodesia. L. J. S. 

DESICCATION AND DRYING. The removal 
of mechanically admixed water from substances. 
The removal of chemically combined water is 
usually termed dehydration , but it is not always 
possible to draw a sharp distinction between 
tho two processes. 

A substance may be termed ‘ dry,’ even 
though it still contains mechanically admixed 
water, provided that this water is not apparent 
to the touch ; the term * desiccation ’ refers, 
strictly speaking, to the complete removal of 
admixed water. 

Tho importance of drying and desiccating 
will be appreciated by a consideration of the 
numerous reasons for which these processes 
have to be employed, among which tho following 
may bo mentioned : — 

1. To preserve material from undergoing 
physical and chemical alterations, e.g. leather, 
tobacco, fruit. 

2. To removo water needed in preceding , 
operations, e.g. drying coal after washing, 
woollen and cotton goods after dyeing, &e. 

3. To facilitate accurate sampling, since 
substances aro much more readily and uniformly 
mixed in the dry state than in the moist condition. 

4. To dimmish the weight of an unnecessary 
ingredient and thereby diminish cost of packing, 
carriage, and freight ; e.g. timber, peat, &c. 

5. To retain desirable moisture m a sub- 
stance by drying its surface, thereby rendering 
the outer layer impervious to moisture, e.g. the 
drying of soaps and chocolates: 

(i. To prevent injury to health or goods, as 
in the case of the moisturo-laden air of textile 
factories, evaporating rooms, &e. 

7. To prevent waste of heat m vapourising 
water when combustibles are burnt. 

A slight consideration of the various pur- 
poses served by drying processes is sufficient 
to bring out the wide range of degrees of dry- 
ness, and tho various conditions to which the 
term ‘ dry ’ is applied. This vagueness arises 
partly from the difficulty of stating quantita- 
tively the amount of water present in a given 
instance, and partly owing to the varying 
capacity that substances possess for absorbing 
moisture. Thus it is that in ordinary conversa- 
tion substances are variously described as 
‘ soaked,’ ‘ wet,’ ‘ moist,’ ‘ damp,’ ‘ dry,’ * dried,’ 

* desiccated ’ or ‘ dehydrated,’ in order to indicate 
qualitatively their degrees of dryness. 

The drying processes in use may be classified 
under the following headings, corresponding 
with tho degrees of drying to which they lead : — 

A. Gravitational drying, by draining, filter- 
ing, absorbing, and condensing. 

B. Mechanical drying, by pressure and 
centrifugal force. 

C. Drying by evaporation. 
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A, Gravitational drying* The processes in- 
cluded under this heading are usually only pre- 
liminary to the employment of method C above. 

Drainage is a natural process occasionally 
used for the purpose of removing surface water, 
e.g. from hashed coal. The procedure requires 
* no special description. 

Decantation is a process by which solid sub- 
stances mixed with a largo amount of water are 
separated from the greater portion of that 
liquid by allowing them to settle, and running 
off the liquid from above the sediment. In 
practice it is often the custom to arrange 
1 settling tanks ’ in senes, stepwise, and gradu- 
ally feed the mixture of liquid plus suspended 
solid into the upper vessel l>y means of a pipe 
leading to the bottom. The overflow runs into 
the second vessel, and so on throughout the 
series. Arrangements are provided for emptying 
each tank as required. China clay, chalk, and 
barytes are separated in this manner. 

Filtration is a process of accelerated drainage. 
Thus wet pigments prepared by precipitation 
are drained on calico sheets stretched loosely 
over a skeleton framework Filtration is greatly 
accelerated by partially exhausting the air from 
the chamber into which the liquid drains. A 
vacuum filter has been designed to work con- 
-tinuously, and consists of a hollow drum, 
mountod with its axis horizontal, and partly 
submerged in a tank containing the suspension 
to be filtered. The periphery is covered with 
filter cloth, and the water is drawn by suction, 
applied to tho interior of the drum, through 
this cloth, leaving the solid matter as an outside 
ooatmg. By slowly revolving the drum, a con- 
tinuous coating of solid is thus formed, and, 
after it reaches a certain thickness, an adjust- 
able skimmer removes the surplus. This 
arrangement can bo adapted to many drying 
operations, and consumes very little power. 

Absorption is a drying process in which the 
material is dried by causing it to yield its 
moisture to other substances which are capable 
of annexing it. This process is not often applied 
on a largo scale, although it is commonly em- 
ployed in the laboratory. Instances are fur- 
nishod, however, in the preliminary drying of 
large clay ware in (fried plaster of Paris moulds, 
and in tho drying of the highly water-laden 
atmospheres of evaporating rooniR, dye houses, 
&c., by pumping warm, fresh air into them. 
Warm air having a much higher capacity for 
holding water vapour than cold air, the result 
is naturally to effect a drying of tho atmosphere, 
besides warming up the room and fittings. 

In the laboratory, substances are frequently 
dried by placing them in a desiccator. This is 
simply a closed glass vessel containing in a 
suitable receptacle some chemical compound, 
such as anhydrous calcium chloride, concen- 
trated sulphuric acid, or phosphoric anhydride, 
whioh has a remarkable affinity for water, so 
that it will, by absorption, remove water vapour 
from the interior oven when the tension of the 
aqueous vapour therein is exceedingly small. 
The substance to be dried being placed in* the 
desiccator, in the interior of which the tension 
of aqueous vapour is almost ml, it gives off its 
moisture, and this is continuously absorbed by 
the desiccating agent employed. The latter 
must expose a large surface for rapid absorption 


to occur. The velocity of drying in a desiccator 
may be greatly increased bv exhausting the air 
from the interior (vacuum desiccator), since the 
rate at which moisture can diffuse from the 
material to the absorbing agent is thereby largely 
augmented. The degreo of drying attained 
cannot, however, be increased, since that is 
limited merely by the pressure of the aqueous 
vapour when it has reached equilibrium With 
the absorbing agent. The rapidity of drying is 
also increased by placing tho material to be 
driod at the bottom and suitably arranging the 
desiccating material above it. This arises from 
the fact that moist air has a smaller density 
than dry air at the same temperature and . 
pressure ; consequently, the natural process 
inside the desiccator is for the moist, air to riBe. 
The error in design exhibited 
mmostlaboratory desiccators, 
in which the above arrange- 
ment is reversed, was pointed 
out by hem pel (Ber. 1890, 

23, 3560), to whom the 
desiccator shown in Fig. 1 is / 
due. In this desiccator, the l 
drying agent is placed in tho 
trough of the lid. 

It is usual to evacuate 
laboratory desiccators by 
means of the water-pump, 
but it may be easily accom- 
plished by simple chemical 
means (J. Amer. Chcm. Soc. 

1900, 28, 834 ; Amer. Chom. J. 1902, 27, 340). 

A desiccator for drying by means of a current 
of air has been described by Pratt (J. Amor. 
Ohem. Soc. 1917, 39, 271). It consists of a 
Buchner funnel connected below, through 



Fig. 1. 



Fig. 2. 

cock s', to a safety flashy which in turn is con* 
neoted with a pump. Resting on the funnel is 
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a heavy brass disc, b, on the lower surface of 
which is cemented a ringor sheet of rubber, r, 
to make a tight joint. Pressure is brought to 
bear on the disc by means of three screws acting 
between the disc and a metal collar, c. Heavy 
rubber tubing, r', prevents the collar from 
exerting unequal pressure on the funnel. In 
the centre of the disc is set a brass tube, to 
which is attached, by moans of heavy rubber 
tubing, R // , the cock s'. This cock is further 
attached to a system of drying- bottles or 
towers. The material to be desiccated is either 
filtered into or placed in the funnel (Analyst, 
1917, 156). 

Condensation — This is employed as a means 
of drying materials which must bo handled at 
low temperatures, and is a method adopted 
iq. cold storages. 'The principle of the process 
is, briefly, that the moist air of tho rooms is 
drawn out and passed into chambers main- 
tained at a very low temperature, wheio it is 
made to deposit the greater part of its moisture 
As a liquid. The dry air is then returned to 
the drying rooms, either cold, when it warms 
itself at the expense of the materials drying, or 
after being previously heated. This circulation 
of air goes on continuously. The method 
adopted in order to maintain a low temperature 
in tne cooling rooms is to allow liquid ammonia, 
carbon dioxide, or ether to evaporate at the 
requisite rate through long coils of metal pipes 
over tho outer surfaces of which the moist air 
is drawn. The latent heat of the ammonia (or 
other) vapour is obtained at the expense of the 
heat of the moist air, winch is thereby cooled ; 
the vapour condenses on the pipes and the 
water trickles down into troughs and flows 
away. Tho ammonia (or other) gas is repeatedly 
used in a cycle of operations, being successively 
liquefied and evaporated. Tins process is highly 
efficient, but requires careful handling for 
economical working. 

B. Mechanical drying. These methods are 
efficient when water forms a large proportion of 
the total weight, and when the solid material 
to be separated is porous m texture. They 
leave the solid damp or moist. 

Drying by pressure . — There are very few 
cases in which direct mechanical pressure is 
used for removing water from substances, the 
most important of which is tho direct squeezing 
of peat m specially designed machines, in order 
partly to remove the surplus water. 

Filter presses are used for partly drying 
semi-solids, and leave them still containing about 
20 p.e. of moisture. They are efficient m re- 
moving the large bulk of the water from granular 
substances in a state of thick mud. Essentially 
a filter press consists of a number of flat sections 
or chambers formed of iron plates covered with 
filtering cloths, and supported in a strong 
horizontal frame, in which they can be squeezed 
up tightly together. The chambers aro made 
either* round or square, and usually qpch has 
its own outlet cock, while the washing arrange* 
ment can be made reversible. The sludge to be 
filtered is fed in under moderate pressure, and 
all the outlet cooks opened. After water has 
ceased to flow out, tne solid in the press is 
washed, if desirable, and the press then takon to 
pieces to remove the lfioist solid cakes from its 
interior. This process is used for filtering, 


I among other things, sewage sludge, gold slimes, 
and precipitated pigments. . 

Drying by centrifugal force , — This method is 
largely employed for drying clothes in laundries, 
when the centrifugal machines are tormed 
hydro-extractors. It is also used for drying 
wool, cotton yams, piece goodB, &c., after they 
have left the dyo houses, and for separating ana 
drying sugar, gun-cotton, and starch. 

The process consists in placing the material 
to be dried in a basket containing numerous 
holes, and rotating it in a horizontal piano at a 
considerable speed. Tho water is thrown off 
from the material very effectually, much more 
effectually than when simple filtration or filtra- 
tion under moderate pressure is adopted. 

A centrifugal machine consists essentially of 
a circular basket, rotated on a vertical central 
shaft and enclosed m an outer stationary casing. 
The circular basket is drum shaped, having an 
open top to introduce the material and some- 
times a valve At the bottom to form an outlet 
for dried crystals. The periphery is perforated 
with holes of a suitable size. These baskets aro 
made of steel, bronze, copper, aluminium, Bilver, 
or china, as may be suitable, and are lined with 
rubber, enamel, or lead when dealing with 
acid liquids The outer stationary easing 
serves as a guard in ease of accident and os a 
collector for the water. The successful working 
of a centrifugal maclune depends upon the skill 
with winch the vertical shaft is mounted and 
driven, smeo the apparatus must have sufficient 
freedom when running for tho axis to take up 
the position it requires; otherwise vibrations 
will rapidly wreck the machine. 

C. Drying by evaporation. This is by far 
the moHt efficient method of drying ; indeed, 
several of the preceding processes aro only 
employed aH preliminary steps to the application 
of this more powerful method. 

Drying by evaporation is a process in which 
the water is removed by first converting it into 
vapour and then conveying the vapour away. 
Water always has a tendency to pass into the 
gaseous state, and is constantly giving off 
vapour from its free surface. If this process 
occurs in a closed space, some of the vapour 
finds its way back into the ‘liquid, and a state 
of equilibrium is set up when the rate at which 
vapour is leaving the surface has become equal 
to the rate at which it is passing back into the 
liquid. To tho stato of equilibrium at any 
particular temperature there corresponds a 
definite vapour pressure, which is a measure of 
tho tendency of water at that temperature to 
pass into the gaseous state, and this vapour 
pressure rapidly increases with rise of tem- 
perature. When evaporation takos place in 
ree space, no condition of equilibrium is 
reached, since, owing to diffusion of the vapour, 
the rate at which it passes back into the liquid 
can never equal that at which vapour leaves it. 
Evaporation therefore goes on until no more 
liquid remains. From these considerations, it 
follows that the two main practical principles in 
dryiiig by evaporation are : (i.) to warm the 
material and thereby increase the tendency 
of its contained water to vapourise ; and (ii.) to 
j remove the vapour as it is produced from the 
| neighbourhood of the substance, in order that 
| the evaporation Bhall proceed continuously. 
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In applying these principles it is necessary 
to bear in mind that the rate of drying per- 
missible in any given instance is restricted by 
(a) the physical and chemical nature of the 
material, which put a limit to the rate at 
which heat may bo safely appliod ; and ( b ) by 
the cost of drying, since the plant mechanically 
most sound may not bo most economical in 
practice. It must always bo remembered that 
the nature of the material governs the method 
of drying to bo employed, and must be con- 
sidered before the question of mechanical 
efficiency. 

The various methods for applying heat 
and for removing vapour are indicated below, 
and in order to explain more definitely how 
these methods are employed in practice, brief 
descriptions follow of various types of drying 
installations in actual use, and of the purposes 
for which they are used. 

Application of heat, in the majority of 
cases hot air is employed for conveying heat 
to the material, and its use is attended with 
many advantages. Air, although an extremely 
poor conductor, is an excellent absoiber of 
heat ; the increase in volume resulting from 
this process naturally tends to disperse this 
heat and to warm surrounding materials by 
convection. The mobility of the air enables 
it to come into intimate contact, with the 
surfaces of materials, thereby supplying the 
heat necessary to vapouuse the moisture. Most 
important of all, the heated air can be thus 
supplied in large or small amounts, at any 
desired rate and at uniform pressure, while any 
of these factors may be rapidly and easily altered 
at will. 

Of the various sources of heat, the cheapest 
is, of course, solar heat. Owing to its un- 
reliability so far .os quantity and font limit v are 
concerned, its direct use is attended by consider- 
able risks. * Indirectly, however, it, is of great 
value, in being the primary cause of natural 
air currents. Drying directly by furnace beat, 
obtained by fuol combustion is economical, but 
the method is restricted in use to drying those 
substances winch are not sensibly affected by 
high temperatures. For the commonest method 
of drying, by means,of a warm blast of air, heat 
is usually supplied by passing the air over the 
surfaces of radiators. These are simply iron 
vessels, built to expose as much surface as 
possible, and through the insides of which 
steam, hot water, or hot. gases are passed. Heat 
is conducted through the iron to the outer 
surface, and warms the surrounding air mainly 
by radiation. 

The dangers encountered in the application 
of heat result from the nature of the material, 
and the factors involved, which are briefly 
discussed below, naturally affect various 
materials to very different degrees. 

(а) Rate of application of heat Although 
the amount of heat required to vapourise a 
definite quantity of water is fixed, yet if this 
heat be applied at a rate faster than that to 
which the material can accommodate itself, 
injury will result, e.g. wet bricks will crack 
unless the greater part of their water is first 
driven off at a slow and uniform rate. 

(б) Change in power of absorbing heat with 
loss of water. As a material dries, its heat 


capacity usually diminishes, and hence the risk 
of overheating increases as drying progresses. 

(c) Uncertainty as to degree of dryness, 
which is often unavoidable. 

(d) Local application of heat. This is the 
usual cause of distortion and cracking, since 
most materials shrink as they dry, and local 
shrinking sots up strain. This makes it advisable 
to keoj) wet material from actual contact with 
the source of heat, and to agitate the material 
to continually expose fresh surfaces, since 
evaporation is a purely surface phenomenon. 

Methods for removal of vapour. The natural 
method by which vapour is removed is by means 
of air currents, and, excepting in Hie case of 
the vacuum process, this is the method upon 
which all artificial processes for vapour removal 
arc based. 

The ordinary atmospheric process for drying 
utilises the natural movements of the air, e.g. 
by utilising the action of the wind on floors, 
pans, gantries, sheds, &c. It requires no motive 
power, but, being dependent, upon varying*" 
atmospheric conditions, it. is not reliable. 

In the exhaust process the moisture-laden air 
| is drawn away from the wet material quicker 
than gravity would perform the removal 
For this purpose a propeller or fan is usually 
employed. Since tho opeiation is carried out 
under slightly reduced pressure, vapourisation 
proceeds quicker than it otherwise would ; on 
the other hand, the exhaust carries away tho 
heat-bearing medium from the material to bo 
heated, and unless proper control is exercised, 
this defect may moro than counterbalance the 
increased rate of removal of vapour. 

In tho lacuum process the material is 
enclosed in an air-tignt receptacle, from which 
the air may bo exhausted to any desired extent. 
Heat is then applied, and the vapour pumped off 
as fast as it is produced. Considerable experi- 
ence is necessary in the application of this 
process, which, properly applied, is highly 
efficient and rapid. 

In the plenum process the vapour is removed 
by supplying sufficient warm air to create an* 
augmentation m air pressure A fan is usually 
employed for this purpose, and drying must, 
of course, take place in an enclosed room with 
regulated egress for the air. This process is 
usually tho best to employ, since it can be 
maintained strictly under control. 

Drying Installations. Drying floors. Natural 
floors aro not often used, since serious difficulties 
ariso a# to heating, handling the material, and 
romoving the vapour. Haymaking affords a 
good instance of its employment 

Artificial floors warmed by the products of 
combustion from a furnace, by hot gases, or 
by steam passing in flues or pipes beneath, are 
a considerable improvement on natural floors. 
Advantage is taken in constructing them of 
any convenient sandy or porous ground floor ; 
sand is put down if the natural ground is clayey. 

* Thes£ floors are used for drying china clay, 
calcium phosphate, barytes, chalk, cement, and 
calcined quartz, materials which are not readily 
injured by excessive or irregular heating. 

Drying gantries or racks. These are em* 
ployed in order that as much surface as possible 
may be exposed to air •currents. Their con- 
struction assumes various forms. According to 
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oircumatanoes, they may be either skeleton 
shelves, or racks, or props, &o. Occasionally 
hot water or steam pipes are used as supporting 
racks, but their uso is to be avoided as uneco- 
nomical, and tending to produce uneven drying 
and distortion. 

Such substances as damp com, peat, raw 
rubber, chalk, bncks, and clay ware are fre- 
quently dried on open racks, while pigments 
in colour works arc often dried in open gantries 
of skeleton shelves. 

Drying sheds. Those are merely drying 
floors or gantries provided with roofs to keep 
off rain and snow. These sheds are best con- 
structed of light open framing in order to facili- 
tate the removal of vapour, and the more open 
it is on all sides the better, provided that the 
substance is not such that direct sunlight must 
be excluded from it, c.(j. rubber. Such sheds 
are highly efficient in producing ‘ air-dried ' 
materials. Bricks are often dried in sheds 
erected on drying floors, while Chile saltpetre is 
“dried in sheds without the application of artificial 
heat, as also arc china clay and ochre m the 
quarry state. 

Drying pans and troughs. Drying pans, 
correctly designed and handled, aro very useful 
appliances. The oldest commercial use of such 
pans is in the evaporation of salt brine, which, 
as usually carried out, is not at all an eco- 
nomical process. The pans are usually rect- 
angular, and each stands in its own shed 
They are directly heated, three or four fires 
being beneath each pan. 

Shallow earthenware pans are of great use 
in the colour trade, the pigments being readily 
dried if the pans are carefully arranged on 
gantries in well- heated and ventilated chambers. 

Semi-cylindrical iron pans heated from 
bolow by gas or steam give good results m drying 
soft materials, especially powdera. They are 
most efficient when provided with revolving 
grids for mechanically stirring the wet material 
and with valve outlets at tho bottom for auto- 
matically discharging their driod contents. 

Granulated sugar is dried in a typo of 
troughed pan, through which passes a hollow 
convoyer ’ carrying hollow paddles. Steam is 
blown through the conveyer and paddles. 
The trough is jacketed on one side, and through 
this jacket air is blown into the bottom of the 
trough. The sugar is fed into the hot end, and 
automatically carried by the heated paddles to 
the outlet at the cool end of the trough. 

Kilns. These are buildings containing a 
furnace, the direct heat of which is used for 
drymg materials by allowing tho products of 
combustion to pass through them. For sub- 
stances which may bo strongly heated without 
damage, kiln-drying is an economical method of 
prooeduro, since the walls of the kiln are very 
effective in saving heat that would otherwise be 
lost i but care must be taken to provide proper 
exits for the vapour. 

A primitive type of kiln is one in whioJi 
caloium phosphate is dried. It consists of a 
plain rectangular brick building with a wooden 
roof. The floor is piled with wood, and the 
phosphate placed upon it. Flues admit air for 
combustion and circulation. Such a kiln will 
bum for from 2 to 5 days and dry from 1000 to 
1200 tons of phosphate. 
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Kilns for drying clays, fuller's earth, barytes, 
and ohalk are constructed upon the same 
principle, the fire being placed so as to prevent 
the ashes mixing with tne material ; the latter 
is sometimes supported within the kiln on iron 
racks. 

A rotating bed dryer is in extensive use for 
drying materials which allow of direct firing. 
The material is placed on a circular cast-iron 
bed, which slowly rotates on a vertical shaft. 
The bed is covered by a firebrick arch, into 
which the exit flue leads. Heating is done 
directly by fires, and stationary blades fixed in 
the arch stir the material as it is drying. The 
blades are fixed at such an angle that the 
material is slowly moved from the centre, 
above which the feed is situated, to the edge, 
where it is automatically discharged. This is 
a common type of drying kiln for ores. 

Drying cylinders. This term includes those 
dryers in which the material to be driod is 
contained m a cylindrical tube, which is slowly 
rotated. The essential feature of their con- 
struction is that the rotation of tho cylinder 
affords the means of moving the material along. 
With suitable materials and the necessary 
power, cylinders will automatically deliver large 
quantities of uniformly dried product, with tne 
minimum of labour and fuel consumption. 
They are consequently extensively used, and 
many types of drying cylinders have been 
devised. 

For materials that withstand high tempera- 
tures, the - heating may be carried out by passing 
the hot gases from a furnace through the tube. 
Tho latter is constructed of steel, and iB mounted 
nearly horizontally (slope of 1 in 12), with the 
furnace at the lower end. The feed is situated 
at the higher cold end, and the gases pass out 
through a flue at this end, connected with a fan or 
chimney. As the material gravitate down the 
tube it is dried, and on reaching the lower end, 
it drops out, quite dry, into trucks, A modifica- 
tion of this construction consists in enclosing the 
steel tube in a horizontal brickwork chamber 
and heating it externally by passing tho furnace 
gasos mto this brickwork chamber, whence they 
pass through a series of external hooded openings 
mto the steel cylinder itselfi This arrangement 
allows of a more gradual and systematic heating, 
whilo dust and other objectionable parts of the 
products of combustion may be arrested prior 
to the gases entering tho cylinders. Besides 
these two arrangements, many others have been 
devised, each having its particular advantages. 

Cylinder dryers are very suitable for heating 
by steam, thus meeting the requirements of 
such substances as sugar, salt, soda, cocoa, 
coffeo, &c., provided they contain not more 
than 25-30 p.c. of moisture. The drying cy- 
linder may be either steam-jacketed externally, 
or internally, or by both methods united. The 
exhaust is nest taken by means of a fan at the 
feed end of the cylinder. In using such dryers 
for sugar, they are employed in conjunction with 
a eonveyer trough dryer (v. supra), into which 
tho sugar falls after passing through the steafti- 
heated cylinder. 

Drying rollers. These are heated rotating 
cylinders, with the outside periphery of which 
the material to be dried is brought into contact. 
They are made of steel, cast iron, copper,' or 
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tinned iron, and are usually heated by passing 
steam or hot air through their interior. 
Another method of heating consists in coating 
the oylinder externally with felt and rotating it 
in a polished iron bed, against the. under surface 
of which steam is blown. The material to be 
dried is automatically passed between the roller 
and its bed, and the rollers are usually arranged 
in series of two to eight. 

The latter method is largely employed in 
laundry work, and the use of drying rollers is 
extensive in the paper and textilo trades. 

Drying tunnels. These consiHt, essentially 
of a stationary passage through which the 
material passes either continuously or inter- 
mittently as the drying procoeds. Drying in a 
tunnel is progressive from one end to the other. 
Heat may be applied either by direct firing or 
by heated air, which passes into the tunnel from 
beneath one ond and travels along to the other. 
The warm air current usually travels in the 
opposite direction to that m which the material 
moves, but not always, as, for instance, in the 
drying of wool, where the pressure of tho warm 
blast is utilised in blowing tho material forward. 
The vapour-laden air may be removed either by 
chimney, exhaust, or by pressure fan, whilo the 
material may be handled in a very large number 
of ways, according to circumstances. This 
method of drying is economical,* but the initial 
cost of plant is often considerable. 

In drying timber, tho material is carried on 
special trucks running on a tram track. The 
air is heated by means of a heater coil fod with 
steam and situated under tho track at tho 
discharging end. The air ascends, dries the 
'imber, thereby becoming cooler and denser, 
and then, pressed forward by the incoming air, 
it gravitates into a large space bonoath the 
feeding ond of tho tunnel and passes up tho 
flue. Wool is dried in a tubular tunnel, being 
blown along by tho warm air. Soap is dried by 
passing it on trolleys through narrow tunnels, 
usually arranged in fours, through which warm 
air is driven by means of a propeller. In 
particular, bricks and clayware are dried by 
passing them through drying tunnels, for which 
purpose a very large number of types of plant 
have been devised. 

Drying rooms. These are enclosed spaces, 
whioh are warmed by means of hot air, and into 
which the loader or dischargor has to onter. 
Whon not constructed of brick or stone, the 
material of the walls should bo chosen for its 
insulating qualities. 

The expense attached to drying by this 
method is due largely to the manual labour 
required in handling the material, which arises, 
in most cases, from the fact that the peculiar 
properties of tho material render it impossible 
to utilise mechanical methods. Since manual 
labour in a heavily moisture-laden atmosphere 
is unhealthy, desiccation in drying rooms is 
restricted in practice to those materials for 
which the process is unavoidable. Such pro- 
ducts as hops, confectionery, leather, pe^er, 
textile fabrics, pottery, and rubber are dealt 
with by this method. 

The materials are supported in the most 
convenient manner within the chambers, and 
warm air circulated either through or over 
them. The warning of the air ’may be accom- 


plished either within or without the compart- 
ment, by means of radiators, and, if desired, 
the same air can be used continuously in a 
circuit (compare the condensation process). 

Drying ovens. These are entirely enclosed 
drying chambers ; the necessary heat for the 
purpose is not generated within them, neither 
is it necessary to enter them in order to charge 
or remove the material to be dried. Ovens can 
be adapted to suit a wide range of conditions, 
and some of the moat scientific and economical 
dryers are of this type. 

A great variety of methods are available for 
tho purpose of heatiny, since the heat is generated 
outsido the oven. Products of combustion are 
readily excluded from the material. There is 
no necessity for the plant to cool down before 
the dried product is removed, and hence het^t 
losses arc greatly minimised. Heat is applied 
to the material either by moans of hot gases, 
usually hot air, or by direct conduction through 
motalhc plates, as, for instance, in steam ovens. 
Vapour is usually removed mechanically, eithef 
by pressure or exhaust, but it may be pumped 
oil, as, for instance, in all vacuum machines. 
Ovens aro more efficient than drying roomB, 
since tho latter aro frequently used for other 
purposes than drying, whereas the former are 
designed exclusively for drying. Only a few 
types of drying ovens can be here described. 

Laboratory ovens arc rectangular boxes, 
constructed of copper, iron, or aluminium, which 
may be either steam- or air-jacketed, or in simple 
ovens not jacketed at all. The substances to 
be dried are supported on shelves inside. With 
air ovens heat is applied directly at the bottom 
of the oven or of tho outer jacket. A ventilator 
situated at the bottom of the oven door allowB 
air to enter, and one or more chimneys in the 
lid allow the warm vapour-laden air to escape. 
A convenient method of heating, which can be 
roadily controlled, consists in heating electrically, 
by passing a current through a number of resist- 
ance coils embedded in the jacket surrounding 
the oven. {See. also Analysis, Vol. I.) Re- 
movable tray dryers are largely used fof drying 
tea, coffee, cocoa, cinchona bark, &c. The trays 
are arranged in tho oven in a series of rows. 
Each tray has a separate slide, and is independent 
of the others, anti oach column of trays has its 
own regulating damper for the hot air. Tho 
method of working is progressive, the wet 
material being first placed in the top tray of the 
columy and passed downwards stepwise to the 
bottom. The heat required is supplied from a 
multitubular furnace, which also produce the 
air current which aerates the material. The hot 
air may bo allowed to rise through the material, 
or be drawn down by two centrifugal fans on 
either sido of the centre through the substance. 
The latter arrangement is more readily controlled, 
gives a larger output, and effects a considerable 
saving in height. A modification giving an even 
larger output consists in causing each horizontal 
line of trays, commencing with the lowest, to 
automatically tilt and discharge its contents 
into the base of the dryer. For drying other 
substances than those mentioned above, many 
other typos of tray ovens have been devised. 

Sliding-panel dryers are used in laundries, 
and can also be adaptea for drying yams, piece 
goods, &c. They consist of a row of vertical 
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sliding panels, built up with hanging rods to 
form rigid horses for the goods. They are 
readily movable on runner wheels, and each 
panel may be withdrawn independently of the 
others, with the minimum loss of heat, as the 
back of the panel closes the outlet and thus 
reshuts the oven. A hot-air blast is supplied 
from above, and after passing through the oven 
it discharges into the open. 

The Lennox plate-oven dryer is a typo which 
has many advantages, is compact, and occupies 
a small floor space. The outer vertical cylindrical 
casing is built up m sections to allow for exten- 
sion and renewal. A concontnc cylindrical 
drum slowly rotates insido. At each external 
section there is a horizontal metal plate' within 
the apparatus, and each section plate contains 
a hole ; these holes are not vertically above one 
another. The material to be dried is fed in at 
tho top, falls on the first section plate, and is 
slowly stirred round by horizontal arms on the 
rotating centre drum till it reaches the hole in 
She plate. It then falls through on to the 
next plate, is slowly Htirrcd round till it falls 
on to tho third plate, and so on, till it is dis- 
charged at the base. Hot air is blown in at the 
base, and passes upwards into the central drum, 
from which it issues, through numerous boles in 
its stdes, passes through the material, and thence 
upwards and outwards. 

A horizontal steam- jacketed cylindrical oven, 
containing a very powerful and thorough agitat- 
ing gear inside, is used for drying wet pasty 
materials like meat, fish, &c. The material is 
fed in at the top, and discharged as a dry, 
mealy powder through a manhole in the bottom. 
Tho vapour is removed from the interior through 
a large outlet duct operated either by a fan or 
pump according to circumstances. In vacuum 
ovens the removal of vapour by means of air 
or other gases in motion is discarded m favour of 
pumping away the vapour from tho warmed-up 
material, operating in a closed space and dimin- 
ishing tho pressure within it to anv desired 
extent. The oven must, be strongly built, and 
all joints must fit tightly to maintain the 
diminished pressure. The material may be 
supported inside in any suitable manner, for 
instanoe, on steam -heated grids. The necessary 
accessories are a vacuum pump, a condenser for 
the vapour and a receiver for the condensed 
water. The latter is provided with a sight 
glass in order to toll when no more water is 
givon off by tho material in tho oven. Tho 
effective working of such a plant depends 
largely upon the observance of various mechanical 
and engineering points ; the chiof feature of the 
vacuum process is the saving of time that it 
effects. The oven may be designed^ to suit 
either solids or liquids, and provision may also 
be made for effectively stirring the material 
during the drying process. 

Desiccators. (Laboratory desiccators have 
already been described.) , 

A large-scale desiccator is any typo of drying 
maohine, which, working by evaporation, carries 
the degree of drying to the utmost possible ex- 
tent. in some of the types previously described, 
it is difficult to prevent thorough desiccation, 
and, in fact, to avoid dehydration and calcination, 
but* a number of madliines have been devised 
for the effective desiccation of liquids and thin 


pastes, whioh work upon a common principle 
that may be briefly explained. It oonsists in 
spreading the liquid in a thin film over a heated 
metallic surface kept in motion, and, when the 
water has been removed, skimming off the solid 
residuo with a knife. By suitable arrangements, 
this process can be made continuous, and it is 
omployed on a large scale for desiccating milk 
to a dry powder. A modified method of remov- 
ing the desiccated product is to cause the liquid 
to spread out on the upper part of an endless 
horizontal metallic belt, working over two rollers 
contained in a heated chamber under reduced 
pressure. The heated liquid, being fed on to tho 
belt at one roller, is desiccated by the time it 
arrives at the other, and, on tho belt passing 
over that roller, tho dry powder falls into tho 
delivery hopper beneath. 

Literature.- — Marlow’s Drying Machinery and 
Practice, which contains a bibliography ’of the 
subject. See also a paper by E. A. Alliott, 
J. Soc. Chom. Ind. 1911), 38, 173 T. 

DESICHTOL. Trade name for ichthyol 
ammonia deodorised by hydrogen peroxide. 

DESOXYCHOLEIC ACID v. Cholic acid. 

DESPYRIN. Salievl tartaric ester. 

DETONAL. Diethyl acetyl urethane. 

DETONATORS v. Explosives. 

DEVARDA’S ALLOY. An alloy of alnmi- 
nium 45, copper 50, and zinc 5 parts. 

DEVELOPED COLOURS. Colours formed 
on the fibre by coupling an azo dyo aftor 
fixing with a second component. V. Primuline. 

DEXTRAN v. Gums. 

DEXTRINS ?dG c H 1(? 0 6 ). When diastase acts 
on standi paste (gelatinised starch), maltose is 
tho final product, but, intermediate between the 
starch and maltose, various dextrins are formed 
as the reaction proceeds in successive stages. 
These dextrins are colloidal amorphous com- 
pounds, and do not form characteristic deriva- 
tives. They are soluble in water, and precipitated 
by alcohol. Only maltodcxtrin, which is 
possibly the simplest of thorn, has been prepared 
in anything like a state of minty, and most of 
the other dextrins describee must be regarded 
as mixtures. 

As diasfcatio hydrolysis proceeds, tho optical 
rotatory power diminishes, and the cupric- 
reducing power increases. The change is rapid 
to a certain point, but then becomes arrested ; 
this behaviour is interpreted as proof of an 
essential difference between the higher and 
lower dextrins. The constants of this stage of 
hydrolysis are [ajj=lf>2-5 0 , K (cupric-reducing 
power) = 48’3, and correspond to the conversion 
of four-fifths of the starch into maltose. The 
remaining dextrin is hydrolysed with greater 
difficulty. According to H. Brown, it cannot 
have a simpler formula than 40(C # H J0 O B )H 2 O. 

Tho dextrin isolated from a starch conversion 
stopped at a stage which gives a deep brownish* 
red colouration with iodine is termed erytkro- 
dextrin. At a later stage iodine ceases to give a 
ooksuration, and the dextrin present is termed 
achrodextrin. These dextrins have little or no 
cupric-reducing action, this point being still 
undecided. 

Dextrins are also formed by the aotion of hot 
dilute mineral acids, or of heat alone on starch. 
The final product in this case i* dextrose instead 
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of maltose. These methods are used for the 
commercial preparation of dextrin. 

Malfltano and Moschkoff (Compt. rend. 1912, 
164, 443-446) have found that starch may be 
converted into dextrin merely by desiccation. 
When kept in mcv6 at 25° over phosphoric 
oxide 28*1 p.c. of the starch was found to have 
become soluble in the course of 20 days. The 
authors conclude that the starch molecule is 
composed of dextrin complexes linked together 
by water molecules. 

Oscar von Friedrichs (Arkiv. Kem. Min. 
Geol. 1913, 6, No. 3, 1-14) has studied the action 
of various yeasts upon the dextrins. Generally 
speaking, dextrins with higher molecular weights 
aro not so readily attacked as those with lower. 

Yeasts which split up a-methvl glucosido ar? 
capable of fermenting dextrins to a very limited 
extent, whilo Saccnsia Suave ohm, which is 
known to ferment 0-methyl glucosido, is found 
to ferment achroodextrins energetically. The 
results support the view that 0-glucosidc linkings 
are present hi the starch and dextrin mole- 
cules. 

Crystalline dextrins may bo prepared by the 
aotion of Ban Urn mac a am upon starches 
(Schardinger, Centr. Bakt. Bar. 1911, ii. 29, 
188-197). By this method two dextrins desig- 
nated as a and 0 have been isolated, both in 
crystalline form. 

According to Langhans (Ber. 1912, 45, 
2533-2546), both forms are aeetylated by 
aootic anhydride m presence of zinc chloride, 
but scission of the molecules occurs simul- 
taneously ; under this treatment the a- com- 
pound gives a hexa-aeetate of a diamylose, the* 
0- a nona-acotate of a triamyloso, hydrolysis of 
the acetates yields a diamylose and tnamylose 
respectively, both crystalline compounds. 

The properties of these crystalline dextrins 
have been further investigated by Pringsheim 
and Eisslor (Ber. 1913, 46, 2959-2974 ; nee 
D. It. P. 279251), 1913), m which the dextrins 
are produced by the action of Bardlus m a err am 
on starch and isolated by precipitation with 
light petroleum. 

In presence of a little platinum black as 
catalyst, Z-glucosan, heated to 180°, undergoes 
polymerisation, and* is transformed into a white 
amorphous substance, which exhibits tho 
characteristic properties of a dextrin and yields 
dextrose when warmed with dilute sulphuric acid 
(Pictet, Helv. Chim. Acta, 1918, 1, 226). 

Maltodextrin 6(C fl H 10 O5)H a O hastalj+193-6 0 , 
ra] D +181°; cupric-reducing power, 42. These 
figures, agree with a mixture of 1 part maltose 
to 2 parts dextrin; but the facts (1) that it 
cannot be separated into maltose and dextrin 
by dialysis, (2) that it is not fermentable by 
yeasts, (3) that it is completely converted into 
maltose by diastase, prove maltodextrin to be 
a definite chemical compound. To prepare it, 
a starch transformation is carried out at 60°-65°, 
until [o]j= + 198°. The solution is boiled, 
concentrated to a sp.gr. of 1 06, and ^he 
maltose removed by fermentation. The solution 
is filtered, evaporated to a syrup, and digested 
with aloohol first of 90 p.c., and then of 85 p.c. 
This last liquid is decanted hot, and the alcohol 
distilled off, when maltodextrin remains ; it is 
purified by further treatment with alcohol. 


m 

On oxidation of maltodextrin with mercuric 
oxide, until the cupric - reducing power has 
disappeared, maliodextrinic' acid is obtained. 
This behaviour proves maltodextrin to contain 
an aldehyde group, but the change goes further 
than the oxidation of this group to carboxyl 
(C0 4 H), since it splits up the terminal 0 12 
group into a 0 5 acid residue, which remains 
attached to the: rest of the molecule, and a 

residue which is eliminated. 

(For a full account of the decomposition 
products of starch, v. Starch.) 

Manufacture. — The commerical products 
known as solid dextrin, British gum, starch gum, 
&c , are mixtures containing various dextrins, 
together with carbohydrates (copper oxide 
reducing substances). They consist mainly of 
erythrodextrin, and accordingly give a brown 
iodine colouration. 

They are prepared (1) by the action of heat 
on dried starch ; (2) by tho action of heat on 
acidified dried starch. 

The starch is first freed os much as possible 
from combined water by drying in suitable 
ovens, and then submitted to a temperature of 
212°-275° in rotating sheet-iron drums. The 
heat is supplied by hot oil, rape oil being fairly 
generally used, or by direct firo. When the oil- 
bath is used, the control over the temperature is 
greatest, and tho colour of the product can be 
varied at will from white to dark brown. When 
the drums are heated by direct fire, they are 
made to rotate on slightly inclined axes, the 
dried starch being fed in at the higher end of 
the revolving cylinder and tho product dis- 
charged at the other. Sheet-iron ovens arc also 
used ; they are constructed singly or in sets. The 
heat is supplied by a furnace, tho heated air 
from which is drawn over tho top of tho ovens. 
Tho material is kept, continually stirred by fiat 
iron oars. Boxes and trays are also used as 
converters, and, indeed, the makor has only to 
consider the variety and quality of product 
required, and to remember that the drier tho 
starch and the lower the temperaturo of con- 
version, the whiter will be the product, and, 
further, that different starches yield different 
products, i e. behave differently when sub- 
mitted to the action of heat, to enable liim to 
construct an apparatus that will suit his require- 
ments. Tt must also bo borne in mind that the 
conversion takes place more slowly at a low 
temperature. 

The alternative method, in which less heat 
is required to yield a satisfactory product, is to 
spray or moisten the starch either with a 
mixture of dilute nitric and hydrochloric acids, 
or with each acid singly, or with dilute oxalic 
acid. The paste is dried and heated at 100°-120° 
or to 150°, till the transformation is complete, 
as determined by the iodine test ; it must then 
be arrested promptly. 

Payen recommended 1000 lbs. starch to be 
moistened with 30 gallons water containing 2 lbs. 
nitric acfd (sp.gr. I ’38), the mixture to be well- 
kneaded, made up into balls, and dried in a 
hot-air chamber ; then powdered, spread on 
brass trays to tho depth of l|-2 inches, and 
submitted to a temperature of from 110°-120° 
in a hot-air oven. 

The heat method is «that which was most 
commonly used on the Continent, whereas the 
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use of weak nitrio acid found most favour in 
this country. 

The products thus obtained appear in com- 
merce in the form of powders varying in colour 
from almost white to dark brown, through every 
shade of light yellow and brown. They are 
reduced to this state after roasting, by crushing 
in pans or passing through rollers, and then 
sifting through a rotating silk screen such as is 
used in flour mills. 

Dextrins prepared from powdered Btarch are 
used by textile manufacturers and calico 
printers as vehicles for colours. They are also 
used for all kinds of gum, paste, sizings, and in 
the manufacture of paper boxes, wall paper, and 
for a variety of other purposes. 

For a method of examination of commercial 
dextrin and related starch products, v. Babmg- 
ton, Tingle, and Watson, J. Soc. them. Ind. 
1918, 37, 257 T. 

On heating dry Btarch with formic or acetic 
acids, the starch nuclous is broken down and 
• esters of dextrins are formed, which are soluble 
in cold water. The proportion of acid fixed 
depends on the time of treatment. After 15 
hours’ heating with glacial acctie aeid at 90°, 
the product just ceases to give a blue iodine 
colouration, and the products of the further 
heating are soluble in cold water When care is 
taken to exclude moisture, and the heating is 
continued for 2 or 3 hours only, using equal 
weights of starch and glacial acetic acid, an 
acetylated starch, known commercially as 
Fexulose, is obtained. This behaves like starch 
towards boiling water, but the jelly does not 
revert on standing. It forms very clear flexible 
films, and is said to give better results than 
dextrin as a textile finish (see Traquair, ,J. Soc. 
Chem. Ind. 1909, 28, 288). 

Dextrin syrups find employment in a variety 
of industries. They are prepared from starch 
by heating it with hydrochloric or sulphuric acids 
in precisely the manner already described for 
dextrose ( v . Carbohydrate’s), with the exception 
that conversion is stopped at a much earlier 
stage. Thus in the modern American process of 
•manufacture of corn syrup from maize starch, 
less than 10 minutes’ heating is required. The 
product evaporated to 42°-45° B. forms a 
colourless viscous syrup, having the composition 
water, 19 p.c. ; dextrose, 38’5 p.c. ; dextrin, 
42*0 p.c. ; ash, 0 5 p.o. 

In America com syrup is used extensively 
in making confectionery, preservos, and table 
syrups, being preferable to sugar or carte syrup, 
as the goods are not likely to grain. 

According to Yano (J. Chem. Ind. Tokyo, 
1918, 21, 805), dextrin prepared by adding 10 
parts dilute nitric acid (5 parts of acid of sp.gr. 
1-4 and 95 parts water) to 100 parts of sweet 
potato starch, drying the resulting paste at 
about 50°, and heating it for an hour at about 
150", is a suitable substitute for gum arabic as 
an adhesive. 

Dextrin may also be prepared by the action 
of malt extract on gelatinised starch. E. F. A. 

DEXTROFORM. A condensation product 
of dextrin and formaldehyde. 

DEXTROSE v . Carbohydrates. 

DHAK GUM v . Kino. 

DHAURA. A guAi obtained from Auogcimis 
kuifolia (Wall), It is extensively used in India in 


calico-printing ; it occun in clean straw-coloured 
elongated masses, sometimes honey -coloured or 
even brown from impurities. As an adhesive 

? um it is inferior in strength to gum arabic. In 
ndia, the reputation of this gum stands high 
with the calico printers, especially of Lucknow, 
and it is probable it possesses some specific 
peculiarity justifying the preference, since it is 
used with certain dyestuffs, such as with haldi 
(Curcuma longa [Linn.]), whilst gum arabic or 
‘ babul ’ is used with madder (Rubia cordi folia 
[Linn.]) (Watts’ Economic Products of India). 
DHURRIN v. Glucosides. 

DIABASE. This name was introduced by 
the French mineralogist A. Brongniart, in 1807, 
for those varieties of basalt in which the light 
and dark minerals, respectively felspar and 
augite (or as he erroneously supposed, felspar 
and hornblende), are distinguishable to the 
unaided eye. As actually defined by him, the 
term is therefore synonymous with the diorite 
of Haiiy (1822), whilst with the correction of 
augite for hornblende it becomes a synonym of 
the dolerite of Haiiy (1822). In the latter 
sense it is used by some authors at the present 
time (v. Doderite). Unfortunately, the term 
was ro-dofinod by German petrographers, and 
it came to be applied to the older, or pre-Tertiary, 
dolcntes, which differ from those of more recent 
dato only ip showing correspondingly more 
alteration, with the development of secondary 
minorals, such as chlorite. In consequence of 
this, the name ‘ diabaso ’ is now applied by most 
English authors to a partially altered or weathered 
dolerite. In this sense it has an cconomio 
bearing, sinco rocks of this class, being of wide 
distribution, are much quarried for road mend- 
ing. For this purpose the fresher dolerites are 
somowhat brittle, whilst diabases are tougher 
and more durable, providing the decomposi- 
tion has not proceeded too far. There is also a 
tendency to use the name * diabase ’ in a loose 
sense, like the popular terms 1 greenstone,’ 
‘ whinstone,’ * toadstone,’ and ‘ trap-rock.’ 

L. J. S. 

* DIABETIN. A trade name for a preparation 
of lsevulose. 

DIACETYL v. Ketones. 

DIACETYLDIOXIME, .DIMETHYLGLYOX- 

IME v. Ketones. 

DIACETYL MORPHINE p. Opium. 
DIAL-CIBA. A trade name for diallyl- 
barbituric acid. 

DIALKYL BARBITURIC ACIDS t>. Pyrimi- 
dines. 

DIALLAGE. An important rock-forming 
mineral belonging to the monoclinic series of 
the pyroxene group. It has the same composi- 
tion as diopside and hedenborgite, 

Ca(Mg,Fe)(Si0 3 ) 2 

but with the addition of alumina passes into 
augite. It differs from the other members of 
the pyroxene group in possessing a fine lamellar 
structure, due to secondary twinning and 
partial alteration of the material. On the 
surfaces of foliation the mineral displays a 
shining metallic sheen, and on this aocount it is 
sometimes used as an ornamental stone. The 
colour is grey, brown, or green. Diallage is of 
common occurrence as a constituent of gabbro. 



MALURIO AOtB. 


49t 


DIALOGITE. Manganese carbonate (v. Man- 
oakiab and Rhodocheositb). 

DIALURIC; ACID, Tartronylarea 



prepared by reducing alloxan with zinc and 
Hydrochloric acid, or with sulphuretted hydrogen 
at the temperature of boiling water (Liebig and 
Wohler, Annalen, 26, 276), or with ammonium 
sulphide, when ammonium dialurate is obtained 
ana is readily converted into the acid by the 
action of hot dilute hydrochloric acid (Gregory, 
Chem. Soc. Mem. 1845, ii. 11). A mixture of 
potassium dialurate and oxalurato is obtained 
bv adding potassium carbonate to a solution of 
alloxan containing potassium cyanide (Streoker, 
Annalen, 113, 53); it is prepared by reducing 
alloxantin with sodium amalgam, or dibromo- 
barbituric acid with sulphuretted hydrogen 
(Baoyer, Annalen, 127, 12 ; 130, 133). Magmer 
tie la Source showed that dialuric acid is ob- 
tained by prolonged boiling of uric acid with 
water (Bull. Soc. chim. 1875, 23, 529), or it can 
be obtained from uric acid on gentle heating 
with hydroohlorie acid and potassium chlorate 
(Biltz and Damm, Her. 1913, 46, 3662-3665). 
Grimaux effected its synthesis by treating 
tartromc acid and urea with phosphorus oxy- 
chloride (Compt. rend. 1879, 88, 85). 

Dialuric acid forms colourless short four- 
sided prisms, or narrow thin leaflets with rounded 
ends, sparingly soluble in cold, mere readily bo 
in hot water ; turns red at 180°, m.p. 2 14°-2 15° 
(corr.) (Bdtz and Damm, l.c. 3664). The moist 
crystals or the aqueous solution rapidly absorbs 
oxygen from the air to form alloxan, which com- 
bines with the dialuric acid, forming alloxantin. 
The rate at which the change takes place is 
illustrated by the results obtained by Hartley 
(Chom. Soc. Trans. 1905, 87, 1804), in an un- 
successful attempt to obtain the absorption 
spectra of dialuric acid ; 0-144 gram of pure 
dialuric acid was dissolved by agitation and 
warming in 100 c.c. of water, and immediately 
afterwards the solution yielded the same series of 
absorption spectra as a solution of 0 322 gram 
of alloxautin, dissolved in 250 c c. of water. 
Alloxantin is also formed by mixing solutions 
of equivalent quantities of dialuric acid and of 
alloxan (cf. Richtor, Ber. 1911, 44, 2155-2158). 
Dialurio acid is monobasic, and, contrary to the 
statements of Menschutkin (Ber. 1875, 8, 760 ; 
Annalen, 1876, 182, 70), forms only one series 
of salts of the type C^HsC^N^M'. Tho sodium , 
potassium, ammonium, and barium salts are 
crystalline (Koech, Annalen, 1901, 315 ; Behrend 
and Friederich, Annalen, 1906, 344, 1). 

Acetyldialuric acid CO<^^^,qq^>CH-OAc 


crystallises in white prisms or leaflets ; m.p. 
210°-212° ; gives a violet precipitate with 
barium hydroxide ; forms the potassium salt 
C # H s O # N a K,H a O, and combines with alloxan 
to form acetykUloxantm C, 0 H 8 OgN 4 ,HoO, m.p. 
263°-265° ; benzoyldialunc acid C^HgO^N,, 
crystallises in prisms, m.p. 209°-2l0°, yields 
with barium hydroxide a white precipitate, 
turning violet, and combines with alloxan to 
form benioylaUoxantin C u H 10 O 9 N 4 ,H 2 O, or 
11ILO, m.p. 253°-256 0 (Behrend and Frie- 
derich, Annalen, 1906, 344, 1-18). 

Vgl. IL—T. 


Substituted dialurio adds of the type 

co< Cnh-co^ > c ^ OH)E obtain6d % the 

condensation of alloxan with (l) aromatio 
ketones, e.g. phenaoyldialurio acid, where 
R=0 9 H 4 -CO-GH 2 — ; (2) aromatic amines, e.g. 
p-aminophenyltartronylurea, where 
R=NH a C s H 4 - ; 

(3) pyrazolono bases, e.g. phcnylmethylpyrazo- * 
NPh • CO\ 

lonetartronylurea, where R= I ; 

NMe-CMe^ 

(41 phenols, e.g. p- hydroxy phony ltartronylurea, 
where R=OH-C # H 4 — . For the preparation 
and technical appbeation of these compounds, 
see art. Alloxan. 

Methyl dialurio acid C’.H B 0 4 N a \H,0 may 
be prepared by reducing dimethyl alloxantin 
with sodium amalgam, crystallises in round 
clusters of silky needles or narrow lancet-shaped 
leaflets, m.p. 167°- 168° (corr.), or directly from 
theobromine oil careful treatment with finely* 
divided potassium chlorate in presence of 
hydrochloric acid crystallises in bundles of 
colourless glistening filaments, many of which 
widen to slender narrow leaflets. The molecule 
of water is driven off at 110°- 120°. From 
alcohol the acid crystallises in anhydrous, stout, 
lustrous rhombohedra, m.p. 184°-185° (Biltz 
and Damm, Bei, 1913, 46. 36(55-3607). 
Uimethyldtalunc acid 


obtained by reducing amalic acid (tetramethyl- 
alloxantin) with sulphuretted hydrogen (Maly 
and Andreasch, Monatsh. 1882, 3, 92), or with 
sodium amalgam (Tcehow, Ber. 1894, 27, 3082), 
forms colourless compact crystals which become 
red at 100° and decompose at 170 u (cf. Biltz 
and Damm, ibid. 3667-3068) ; tho acid crystal- 
lises with one molecule of water, which iB partly 
lost in vacuum and completely at 110°. The 
hydrated aeul has m.p. just under 100°, and 
decomposes about 210°. The anhydrous acid 
begins to discolour at 190°, and has m.p. 218° 
(corr.) with decomposition. It forms crystalline 
alkali salts, and reduces cold solutions of silver 
and copper salts, 
iso- Dialuric acid 

co '\nh'co <I, 1I) > < - :(0H) =' h “° 

or CO<™CH(OH ^\(X),2H 2 o, obtained by 
the action of bromine water on iso- barbituric acid 
.qq^C(OH) or aminouracil or hy- 


droxyxanthine (Bohrend and Roosen, Ber. 1888, 
21, 999), crystallises in trimetric prisms some- 
times a centimetre long (Weinschenk, Annalen, 
1889, 251, 243), is readily soluble in water, less so 
in alcohol ; it loses one molecule of water of crys- 
tallisation at 100°. The other molecule, which 
is regarded as water of constitution, is lost at 
140°-150°, at which temperature the compound 
decomposes, /itodialuric acid is converted into 
dialuric acid by the action of bases (Koech, 
Annalen, 1901, 315, 246). It yields urip acid on 
condensation with urea, reduces solutions of 
silver salts, and combinee*with hydroxylamine 
to form two isomerio oximino- compounds. The 
2 K 
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a- oxime forms shining plates or prisms, becomes 
red and decompos.es at 100° ; the $• oxime 
, crystallises in needles which do not become 
red at 110° (Bohrend and Roosen, Annalen, 
251, 244). 

Methylwodialuric acid C.H 8 0 6 N 2 , prepared 
by oxidising methylwobarbituric acid (Leh- 
mann, Annalen, 1889, 253, 80) with bromine 
water, crystallises in rosette-like aggregates from 
water, and in contradistinction to wiodialunc 
acid, contains only 1 molecule of water, which 
is regarded as water of constitution. M. A. W. 

DIAMIDOGEN BLACK, -BLUES v. Azo- 

COLOUELNG MATTERS. 

DIAMINE BETA BLACK, -BLACK, -BLUE, 
-BRONZE, -BROWNS, -CUTCH, -FAST RED, 
-GOLD, -GREEN, -PINK, -ROSE, -SCARLET, 
-VIOLET, -YELLOW v. Azo- colouring matters; 

PlHMULINE. 

DIAMINES v. Amides. 

DIAMINOACRIDYLBENZOIC ACID v. 

^Acridine dyestuffs. 

DIAMINOBENZENES, DIAMINOTOLUENES 

v. Amines. 

4 : 4 -DIAMINOBENZOPHENONE v. Ke- 

TONES 

4 : 4' DIAMINODIPHENYL - 3 : 3' - DISUL 
PHONIC ACID. Bev-idine dteulphomc acid v. 
Diphenyl. 

2 : O-DIAMINOPHENOL 4 SULPHONIC ACID 

nh 2 

H0 OS 0 3 H 

is obtained by reducing a solution of sodium 
2 : fi-dimtrophenol-4-sulphonate by zinc dust 
and hydrochloric acid. Used in the manufacture 
of azo dyes (Farb. vorm Meister, Lucius, and 
Pruning, 1). R. P. 148212). 

DIAMINOSTILBENEDISULPHONIC ACID 

Nh/~'>CH : 

To,h Wi 

may be prepared by adding zinc dust to sodium 
p-mtrotoluene sulphonate in a hot solution of 
caustic soda, until the liquid is decoloimsed, 
filtering and acidifying with hydrochloric acid. 
The precipitated diaminostilbeneclisulphonic acid 
may be purified by re-solution in sodium 
carbonate, and reprecipitation with acid (Leon- 
hardt and Co. D. R. P. 38735 ; cf. Bender and 
Schultz, Ber. 1886, 19, 3234). May also bo 
obtained by reducing dimtrostilbencdisulphonic 
acid with ferrous hydroxide and Ammonia 
(Green and Wahl, Eng. Pat. 5351, 1897 ; Ber. 
1897, 30, 3100). 

DIAMOND. Carbon crystallised in the cubic 
system. The contrast presented by the physical 
characters of the two forms of crystallised 
carbon— diamond and graphite — is very striking. 
Diamond is the hardest of minerals, and, indeed, 
of all known substances, but at the same time 
it is very brittle ; on tho other hand, graphito 
is one of the softest of minerals, and it is flexible 
and inelastic. The one is colourless and trans- 
parent and a bad conductor of electricity, whilst 
the other is black and opaque and a good 
conductor. There is also a considerable differ- 
ence in density, diamond, 3*52 ; graphite, 2*25. 
fv *tThe nam6 diamond, in French and German 
Diamant, and similar in most other European 


languages, is a corruption of the Latin Adarnaa, 
which was used for this mineral by Manilius 
(a.d. 16) and Pliny (a d. 100). This came from 
'AtidfMs, meaning invincible, a word applied 
by the Greeks to hard metals and stones. The 
similar name adamantine-spar was used by 
tho chemist Joseph Black for corundum. 
Although diamond and corundum are numbered 
respectively 10 and 9 in the mineralogist’s scale 
of hardness, and with no other mineral falling 
between tho two, yet, as shown by abrasive 
tests, diamond js 140 times harder than corun- 
dum, and more than a thousand times harder 
than quartz (No. 7 on the scale). It is on thiB 
high degree of hardness that all the technical 
applications of diamond depend ; and a faceted 
gem never shows any signs of wear. Lapidaries 
assert that stones from Borneo and New South 
Wales aro harder than those from other localities. 

Crystalline Form . — Crystals of diamond are 
almost always found singly and with faces 
developed on all sides ; thus indicating that 
they grew freely from individual centres in 
some surrounding medium. By far the com- 
monest form is the regular octahedron, the 
faces of which arc often delicately marked with 
minute triangular pits or ‘ etched figures,’ whilst 
tho edges aro nearly always rounded and often 
marked with a pronounced furrow. Other 
forms arc a hexakis-octahedron (six-faced 
octahedron), and less often the rhombic-dode- 
cahedron and the cube, while crystals of dis- 
tinctly tetrahedral habit are rare. Nevertheless, 
it is probable that crystals of diamond are really 
hemihcdral (tctrahcdral-cuhic ) ; the apparent 
octahedron consisting of two tetrahedra inter* 
jonotrating m twinned position. Distinctly 
ormed twinned crystals are not uncommon. 
These are contact-twins with a face of the 
octahedron as twin-plane, and the two indi- 
viduals flattened parallel to this plane, giving a 
tnangulai plate with re-entrant angles at the 
three corners. These are known to the Dutch 
cutters as * naadsteenen ’ (suture-stoneB). In 
addition to the rounded edges, noted above, the 
faces themselves are often curved, sometimes 
to such an extent that the crystals are almost 
spherical m form. 'This rounding, as well as 
the etched figures, indicate that the crystals 
have been corroded subsequent to their growth. 
An important crystallographic character of 
diamond is the existence of perfect cleavages in 
four directions parallel to the faces of the 
octahedron. (On the crystallography of dia- 
mond, v. A. Fersmann and V. Goldschmidt, 
Der Diamant, Heidelberg, 1911). 

Physical Characters . — In its optical charac- 
ters, diamond is remarkable for its very high 
refractive and dis^rsive powers, the indices 
being : for red light (B) 2*40735, yellow (D) 
2*41734, violet (H) 2*46476, and the dispersive 
value (H-B) 0*05741. The critical angles of 
total reflection corresponding with these indices 
are 24° 33', 24° 26', and 23° 56', respectively. 
The angles between the facets of the brilliant 
form of cutting adopted for the diamond are so 
arranged that a ray of light entering the gem 
by the front facet will meet the back facets at 
a greater angle than the critical angle, and will 
be internally totally reflected, passing out again 
from the front of the stone, and with a chance 
that rays of different colouis will be separately 
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effected. A cut stone, ^therefore, shows much 
brilliancy or ‘ fire,’ together with hashes of 
prismatic colours. Corresponding with the high 
refractive index, diamond displays a high degree 
of lustre, which is of the quality known as 
adamantine ’ lustre. Uncut stones, especially 
when not quite clear, and with rough rounded 
surfaces, present a peculiar and very character- 
lsfic lead-grey metallic appearance. When pure, 
diamond is without colour and perfectly trans- 
parent. The best stones are described as of the 
first water ’ or ‘ blue-whites.’ More often 
there is a tinge of colour (‘ off-coloured ’ stones), 
usually pale yellow, brownish, grey, or greenish. 
Stones of a good canary-yellow, colTee- brown, 
or black colour are not uncommon, but those of 
rich shades of green, blue, or red are very rare. 
The nature of the colouring matter is uncertain, 
but it is probably inorganic (e.g. iron and 
titanium in the brown stones). Changes in 
colour may be effected by the action of heat or 
by exposure te radium emanations. Crystals 
of diamond being cubic, they should be optically 
isotropic, but wh» n examined under the polaris- 
ing microscope they are frequently seen to possess 
anomalous double refraction, especially around 
enclosures m the stone. This is due to a state 
of stram, which in some stones is so great that 
they burst. Pin isphoreseeneo is readily produced 
in diamond by the action of sunlight, ultra- 
violet, Rontgen, cathode, and ladium rays, or 
simply by rubbing (tnboluminesoence) Dia- 
mond becomes positively electrified by friction. 
It is very transparent to the Rontgen rays ; 
whilst glass imitations aro opaque. ' Being a 
good conductor of heat, it can be distinguished 
from a glass mutation by touching with the tip 
of the tongue, diamond feeling much colder 
than glass. The specific heat is less than that 
of graphite, and it- increases rapidly with the 
temperature. 

Chemical Chaiaetvr*.— The combustibility of 
diamond was first proved experimentally by the 
Florentine Academicians m 1 < >04. Lavoisier, in 
1772, found'that the presence of air was neces- 
sary, and that ‘ fixed air ’ resulted ; but it was 
Smithson Tennant-, in 1707, who first proved 
that equal weights of diamond and carbon 
yielded equal weight# of carbon dioxide More 
convincing experiments in this direction have 
been made by Davy, Dumas and Stas, A. 
Krause (1890), and II. Moissan (1893). Powdered 
diamond bums readily in air at a red heat. 
Moissan determined the temperature of ignition 
in oxygen to be f>90°-790° ; according to Joly, 
it is 850° in air. It bums with a small palo- 
bluo flame, and in oxygon is able to support 
its oVn combustion. It is infusible even in the 
electric arc ; and it can be heated at high 
temperatures (1500°) without alteration in 
various gases (hydrogen, nitrogen, sulphur 
dioxide and trioxide, and nitrous oxide). In 
oarbon dioxide, however, at 1200° the crystals 
are corroded, with formation of carbon monoxide. 
It is unattacked by acids, caustic alkalis, iodic 
anhydride, hydrogen potassium sulphate, or a 
mixture of sodium chlorate and nitric acid, but 
is oxidised when heated to 1 80°-230° in a mixture 
of potassium bichromate and sulphuric acid. 
In fused potassium nitrate or sodium carbonate 
at about 900° small etched figures are slowly 
produced; at 1200° the action is more rapid 


oarbon dioxide being liberated. It is acted 
upon by sulphur vapour at 900° ; and it com- 
bines with iron, yielding steel. Crystals are 
etched by molten olivine (magnesium silicate). 
The fact that diamond gives with oxidising 
agents only carbon dioxide, whilst graphite 
yields graphitic oxide has led to the suggestion 
that these two forms of carbon are chemical 
isomeridos. Observations at high temperatures 
are somewhat contradictory ; a mere blackening 
of the surfaco has often been obsorved, but not 
always confirmed. O. Doelter (1911), with 
crystals packed m charcoal or thorium oxide 
and heated to 2500°, obtained only a superficial 
blackening without any alteration in the physical 
characters of the material. Moissan (i893), 
however, records the conversion into graphite 
at the temperature of the electric arc (about 
3600°) i and Parsons and Swinton (1907) found 
that a diamond placed in the focus of cathode 
rays in. vaeu6 swelled up into a coke-hke mass 
when the temperature reached 1890°. Jn this* 
connection the occurrence of cubes of graphite 
(chftonite) in meteoric irons is significant ; 
those have been supposed to be paramorphs 
after diamond. 

The ash remaining when diamond is burnt 
amounts, for colourless crystals, to 0 02-0-05 
p o., but m the less puie carbonado it may reach 
4-8 p c. Lt consists mainly of iron oxide and 
silica, with some lime, magnesia, and titanium. 
The iron and t-it-aiuum may represent the colour- 
ing matter present- m the stone ; but the frequent 
presence of minute enclosures m diamond is not 
to be overlooked. Jn addition to liquid enclos- 
ures (carbon dioxide and water), the following 
materials have been recorded : black car- 
bonaceous matter, lhnenito or hiematite, quartz, 
rutile, iron-pyrites, gold, chlorite (Y), apophyllito, 
&c. 

Varieties. — Differing in certain points from 
tho general characters enumerated above, there 
aro two varieties of diamond — bort and car- 
bonado — which, for technical purposes, are more 
important than the purer crystals used for gems. 
These are crystalline aggregates, as distinct from 
single wVll-dovoloped crystals 

Bort (heart or boort) consists of a number 
of individual crystals with a radial grouping 
around a common centre, giving rise to rounded 
exterior forms These arc sometimes quite 
spherical (‘ shot- bort ’). They are usually rough 
on the exterior, it being only here that the 
fibres, or # individual crystals, have been free to 
develop crystal faces- — in the interior these have 
interfered with each other’s growth. Although 
each individual possesses the cleavage character- 
istic of diamond, yet for the whole mass there 
is no continuous cleavage. For this reason, 
bort is tougher than the single crystals, which 
readily split along the cleavage directions, and 
is thus better adapted for boring, turning, and 
cutting tools. This, no doubt, is the explana- 
tion of tlje common statement that bort is 
hauler than diamond ; further, since in crystals 
the degree of hardness varies with the direction, 
a chance section of bort will present both 
maximum and minimum values. The rounded 
pieces of bort are translucent to cloudy and 
opaque. They are grey or # black with a greasy 
to metallic lustre, and, usually, a peculiar 
leaden appearanoe ; sp.gr. 3*50! In the trade 



DIAMOND. 


500 

the term bort also includes fragments (such as 
those obtained by bruting), ana all crystals and 
stones that are useless for gem purposes. Suoh 
material is of value as an abrasive, but not for 
tools. 

Carbonado, or * black diamond ’ (known in 
the trade as 4 carbon ’ or ‘ carbonate ’), is a 
finely granular crystalline material, dull, black, 
and opaque, and often more or less porous, with 
somewhat the appoarance of coke. It forms 
irregularly-shaped masses, and consists of a 
confused aggregate of minute crystal grams of 
diamond. It therefore presents no cleavage as 
a wholo, and is consequently tougher and less 
frangible than crystals. It is less pure than 
ordinary diamond, yielding more ash (up to 
4’8 p.c.) when burnt. An analysis of the ash 
gave Fe.Oj 53 3, Si() 2 331, OaO 13 2 p.c. ; 
MgO trace. The spgr. is less, 3 '15-3 '34 (the 
value for crystals being botwoon the limits 
3 '5 16-3 -525). The largest known piece of 
carbonado was found in Bahia, Brazil, in 1895. 
It weighed 03 I S) grams, that is, slightly more 
than the famous 4 Cullman ’ diamond (which 
weighed 621 '2 grams). Both carbonado and 
bort show considerable variations in texture, 
and with increasing coarseness of grain they 
may pass insensibly into ordinary diamond. 

Occurrence. — India, from very remote times 
until the middle of the eighteenth century, was 
.the only sourco of diamond (with the unim- 
portant exception of Borneo). Since the dis- 
covery of the Brazilian and South African 
deposits the output has gradually fallen off, 
amounting in 1910 to only 20 carats. The 
secondary deposits have, however, only been 
worked by native methods, and the original 
deposits nave not been discovered. Indian 
diamonds, being of the best gem-quality, there 
is thus a possibility of further developments. 
They occur associated with pebbles of jasper 
and vein-quartz in thin beds of conglomerate 
in the ancient sedimentary rocks (sandstones 
and shales) of the Vindhyan system (probably 
pro-Cambrian), which rest directly on the 
crystalline rocks. With tho weathering of these 
strata, the diamonds are left on the surface or 
are accumulated in the alluvial deposits of the 
resent rivers. The districts where mining 
as been done fall into three main groups : a 
southern group in tho basins of the Pennar, 
Kistna, and Godavari rivers ; an eastern group 
in the Mahandi valley ; and a northern group 
near Panna in Bundelkhand. A , doubtful 
occurrence of diamond in pegmatite has been 
described from Wajra Karur near Bellary ; 
and, unfortunately, nothing is known as to 
whence the diamonds found in the ancient 
sedimentary rocks were derived. (On Indian 
diamonds, v. Manual of the Geol. of India, 
vol. 3, Economic Geology, 1881, by V. Ball; 
vol. 4, Mineralogy, 1887, by F. R. Mallet.) 

In Brazil, diamonds were discovered about 
1725 in the alluvial gold- washings, at Tejuco 
(now Diamantina) in Minas Goraaes ; and, 
although they have been since found in several 
other districts, notably in Bahia, this has 
remained the principal diamond-mining centre. 
Here, ae in India, the diamond-bearing alluvial 
deposits have been derived from conglomerates 
ana sandstones (including the flexible sandstone 
known as itacolUmite) of considerable geological 


age, and the original rook from which the%e were 
derived is not known. The Brasilian deposits 
are, however, remarkable for the variety of 
minerals found as well-worn pebbles ( 4 favas *) 
in association with the diamond; and the 
nature of these minerals, or indicators, has led 
to the suggestion that they, together with the 
diamonds, originally came from quartz -veins. 
(On Brazilian diamonds, see Mineralogical PapefB 
by 0. A. Derby and by E. Hussak ; also E. Hus- 
sak, Os Satellites do Diamante, Rio de Janeiro, 
1917 ; H. Preston, J. Soc. Arts, 1909, lviii. 101.) 

In South Africa , diamonds were first dis- 
covered m 1867 near Hopetown on the Orange 
River. In 1808 tho important workings (‘river 
diggings ’) on the Vaal River were commenced ; 
and in 1870-1871 the diamonds were traced to 
deposits of an unique type, in the neighbourhood 
of which the town of Kimberley in Gnqualand 
West, Cape Province, very quickly sprung up. 
Here are situated the famous mines De Beers, 
Kimberley, Dutoitspan, Bultfontem, and Wes- 
selton. Other mines of the same type are the 
Jagersfontein and Koffyfontein mines in Orange 
Free State, and the great Premier mine (dis- 
covered m 1902) near Pretoria in the Transvaal. 
The diamond -bearing rock of these mines fills 
volcanic pipes, 200-300 yards (in the case of the 
Premier mine half a mile) across, penetrating 
vertically the* surrounding beds of basalt, Bhalc, 
diabase, and quartzite, and extending to un- 
known depths. The rock, known as kimberlite, 
or locally as 4 blue ground,’ consists mainly of a 
hydrated magnesium silicate with much the 
same composition as serpentine. It contains 
boulders and broken fragments of various rocks 
(basalt, shale, sandstone, quartzite, granite, 
mica-schist, eclogite. &c.) and minerals (ilmenite, 
pyrope, enstatite, chromc-diposide, iron-pyrites, 
&c.), and is of tho nature of a volcanic agglo- 
merate. Diamond is present in this rock on 
an average of one part in forty millions, and in 
the richest part of the Kimberley mine one part 
m two miluons. Numerous pipes of a similar 
character, but containing few or no diamonds, 
are scattered over a wide area in South Africa. 
The diamond was brought from below up with 
tho igneous material, which must have been 
derived from a basic magma rich in olivine. 
Although the origin of diamond has been the 
subject of much discussion, there seems no 
reason to doubt but that it crystallised from this 
basic magma. The rare presence of diamonds 
embedded in boulders of eclogite (a garnet- 
pyroxene rock) found in the blue ground has 
led to the suggestion that this is the mother- 
rock ; but it is quite conceivable that the 
mineral crystallised from more than one *kind 
of basic magma. 

The early open workings (‘dry digging ') 
at. the Kimberley mines were soon replaced by 
a regular system of underground mining. The 
blue ground, when brought to the sunaoe, is 
either directly crushed or is spread on floors and 
exposed to the action of the weather for about 
a year, when it is crumbly enough to enable 
the heavy minerals to be separated by washing. 
From this concentrate the diamonds are sepa- 
rated by means of a mechanical sorting tanle 
coated with grease, to which the diamonds 
adhere, whilst the other minerals pass over. 
Finally, the stones are cleaned by boiling in k 
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solution of caustic soda and in aqua regia or 
hydrofluoric acid. Diamonds also occur in 
gravels in the Somabula Forest in Southern 
Rhodesia, and kimberlite pipes have been 
described as present in this region. In 1908 
large numbers of Bmall diamonds were found in 
the sand-dunes on Liideritz Bay in South-West 
Africa ; in this case the source of the diamonds 
have not yet been traced. The output of South 
African diamonds amounted in 1913 to over 
five million carats (approximately one ton), 
valued at 11,389,8071. (On South African 
diamonds, v. G. F. Williams, The Diamond 
Mines of South Africa, 2nd edit. New York, 
1907 ; P. A. Wagner, The Diamond Fields of 
Southern Africa, Johannesburg, 1914.) 

Other diamond-producing countries of less 
importance are Borneo, New South Wales, and 
British Guiana, Finds have been reported 
from many of tho states of North America, in 
British Columbia, Mexico, Dutch Guiana, 
Russian Lapland, the Ural Mountains, Siberia, 
China, Western Australia, South Australia, 
Queensland, Tramania, Belgian Congo, Gold 
Coast, and Liberia. In moRt of these cases the 
mineral has been found as a few scattered stones 
in alluvia] gold washings. But in Arkansas and 
British Columbia it has been found m an altered I 
(serpentimsed) peridotite of much tho same j 
character as the South African ‘ blue ground.’ 

The presence of diamond in certain meteorites 
is of special interest. It was first observed in 
the stone which fell on September 4, 1880, near 
the village of Novo-Urei on the Alatyr river in 
Govt. Pensa, Russia. This stone is composed 
of olivino (67-5 p.c.) and augite (23-8 p.c.), 

1 ogethor with nickel-iron, troilite, chromite, 
black carbonacoous matter, and about l p.c. 
of diamond, the last as minute greyish grains. 
As dull black grnins it lias also been found in the 
meteoric stone of Carcoto, Chili. In several, 
though not in all, of the masses of meteoric 
iron from Canon Diablo in Arizona, it has been 
found as colourless crystals, and as black and 
colourless grains, the largest 1 mm. across. It 
is also recorded from the meteoric iron of 
Magura, Hungary. Tho cubic form of graphite 
(cliftonite), probably a pseudomorph after 
diamond, has been *found in the meteoric irons 
of Youndegin (Western Australia), Smithville 
(Tennessee), Crosby’s Creek (Tennessee), and 
Magura (Hungary). 

Origin ana Artificial Production . — The occur- 
rence of diamond in acid igneous rocks and in 
quartz-veins is very doubtful. On the other 
hand, its presence in basic igneous rocks is well 
established ; +*.g. in kimberlite and eclogite in 
South Africa, in serpentinised peridotite in 
Arkansas and British Columbia, and in diabase 
in New South Wales ; whilst in meteoric stones 
the matrix is also of the same general character. 
In these oases the diamond is very probably 
present as a primary mineral, and one of the 
first constituents to crystallise out from the 
basio silicate magma. In addition, we have 
the occurrence of diamond in the nickel-iron of 
meteorites. This may be regarded as a magma 
of a still more basic type, and it is thus probable 
that diamond may crystallise from basic 
mag mas of widely varying composition. 

Many attempts have naturally been made to 
oonstram the abundant element carbon to 


orystallise as the rare and valuable diamond, 
but, as yet, with no great measure of success. 
The results have in many cases been doubtful, 
and have often not been confirmed. The pro- 
ducts are always microscopic and their identifi- 
cation a matter of difficulty. In some cases the 
very hard carbides of silicon, <fec., have probably 
been mistaken for diamond. The experiments 
of I. Friedlander (1898), and of R. von Hasslinger 
(1902-1903), in which carbon was dissolved in 
molten magnesium silicate (olivine or kimberlite), 
bear some relation to the natural occurrences, 
but doubts have been expressed as to whether 
the microscopic crystals so obtaihed were really 
diamond. E. de Boismonn (Fabrication synthe- 
tique du diamant, Paris, 1913) states that he 
obtained crystals up to 2 mm. across by the 
electrolysis of fused calcium carbide. The only 
method, however, that has been amply confirmed 
is that first used by R. S. Marsden (Proc. R. 
Soc. Edinburgh, 1881, xi. 20) and elaborated by 
Moissan (1893-1 890 ; Lc Four 61ectrique, Paris, 
1897 ; and The Electric Furnace, London, 1904)* 
in which carbon is dissolved in silver or iron 
at a high temperature and the mass suddenly 
cooled by immersion in water or lead. A con- 
tracting crust is so formed and the molten interior 
subjected to great pressure. Sir C. A. Parsons 
(Bakorian lecture, Phil. Trans. 1919, A 220, 67 ; 
and J. Inst. Metals, 1918, xx.) from a long series of 
experiments, however, concludes that pressure is 
not a necessary condition, and that the diamond 
has been formed from gases, probably carbon 
monoxide, occluded in the iron. O. Ruff 
(Zeitsch. anorg. Chem. 1917, 99, 73), in a syste- 
matic repetition of the various methods, also 
obtained negative results except by Moissan’s 
method. Tho presence of microscopic diamonds in 
certain kinds of hard steel should finally be noted. 

Applications . — The value of diamond as a 
gem depends on its high degreo of hardness, 
enabling it to resist wear, and its high refractive 
and dispersive power. Those optical characters 
are, however, only brought into full play when 
the stone is faceted in a particular manner; 



Bri^tant-cut. Rose-cut. 


and for this reason, old stones cut by Indian 
lapidaries have often been re-cut. The form 
most suited for this purpose is the brilliant-cut, 
and stones so cut are known as brilliant*. The 
rose-cut, or rosette, is only used for quite small 
stones usually mounted ifi number as a surround. 
The accompanying figures «show a brilliant 
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viewed on the large front faoet, or table, and a 
Bide- view ; and the rose-cut, viewed from above 
and the side. Being the hardest known material, 
diamond can only be worked very slowly and 
tediously with its own powder. The ground- 
form of the brilliant is approximately an octa- 
hedron, and this can be obtained, if necessary, 
by cleavage, or more safely by the modem 
method of sawing with a thin metal disc charged 
with diamond dust. The brilliant is then 
roughly shaped out by rubbing two diamonds 
together — a process known as bruting. The 
final grinding and polishing of the facets is 
performed on rt rapidly revolving cast-iron disc 
fed with diamond dust, and olive-oil. 

The largo historical diamonds with their 
associations of mystery and romance are mostly 
of Indian origin ; but these are now eclipsed 
by tho numerous, much larger stones found in 
South Africa. The largest Indian stone still 
preserved is tho ‘ Koh-i-noor,’ which was re-cut 
in England in 1852 as a brilliant of 106^. carats 1 
r (— 21*78(1 grams). The largest Brazilian stone, 
the 1 Star of the (South/ found in 1853, weighed 
in the rough 254£ ‘carats,’ and when out 125 
‘ carats.’ The largest known crystal of diamond 
is the ‘ Cullman,’ which was found in 1905 in 
the Premier mine, Transvaal. This Bliowed a 
large cleavage surface, and was only a portion, 
probably about half, of the complete crystal. 
The portion as found weighed (121 *2 grams 
(3100 metric carats, or nearly 1 lb. 0 ozs. avoir- 
dupois). Being too large to cut as a single 
stone, it was cleaved and out as nino larger 
gems (weighing from 100'04 to 0*88 grams) and 
ninety-six small brilliants, the yield of cut 
material amounting to 34J p.e. The ‘ Cullinan/ 
although tho largest crystal, is not the largest 
piece of diamond that has hitherto been dis- 
covered. A mass of carbonado weighing 031 ‘9 
grams was found in 1895 in Bahia, Brazil. 

As an abrasive, diamond powder is tho most 
effective agent available. It is the only material 
with which diamond ltsolf can be worked, and 
it is much used by lapidaries for cutting other 
hard stones. A thin disc of soft iron charged 
on the edge with diamond powder is used for 
sawing stones, both for ornamental purposes 
and in the preparation of thin microscopic 
sections of rocks. The small steel tools used by 
engravers of cameos and intaglios, and also the 
steel points used for boring precious stonos, &c., 
are charged with diamond dust. The material 
used for abrasive purposes, though included in 
the trade under the term bort, consists largely 
of the waste material from shaping tho better 
stones as brilliants, and also the loss clear and 
spotted crystals not suitable for cutting as 
gems. It is crushed in a diamond-mortar, 
splinters suitable for other purposes being picked 
out under a magnifying-glass, and the remainder 
reduced to a fine powder. 

The glazier’s diamond is a crystal or frag- 
ment bounded by two rounded crystal-faces 
meeting in a curved, or cusped, cutting edgf, 

1 This was the old English carat of 205*409 mg. A 
later value of the English carat, as defined by the Board 
of Trade In 1888 and 1889, was 205*304 mg. The curat- 
weight has now been standardised in ail countries as 
the metric carat of 200 nig. (5 carats —1 gram). This 
is the only legal value of the carat in the British Isles 
since April 1, 1914. * 


For writing, drawing, and engraving {e.g. fino 
soales and rulings) on glass, metal, stones, 
ivory, &c.) fine splinters are used, or the 
diamond may be out to a rounded point or 
chisel-edge. Diamond points are also used for 
drilling hard stones, glass, porcelain, teeth, &c. 

Carbonado and bort, by reason of their 
absence of cleavage, are much more suitable 
than ordinary diamond for mounting as small 
fragments (2-3 carats in weight) as cutting 
tools which may be subjected to shocks. These 
are mounted in the crowns of rock-drills, used 
in tunnelling, mining, and sinking bore holes for 
artesian wells, &c. ; and on tho edges of blade, 
band, circular, or wire saws for sawing large 
blocks of marble, granite, &c. Fragments, 
either in a rough form, or fashioned to a suitable 
shape, are mounted as lathe tools for working 
stone, metal, &c. For example, for turning 
electric-light, carbons, the edges of watch-glasses, 
finishing accurate turning work of tho hard 
steel axles of instruments and machines of pre- 
cision, boring eannon, forming the sharp-edged 
furrows on tho grinding surfaces of millstones, 
for dressing emery wheels, &c. 

Small cloavage plates or flat crystals of 
diamond drilled from eaeli side with line conical 
holes are used for drawing fine wne, down to 
0*01 mill, in diameter For the tantalum, 
tungsten, and osmium filaments of electric 
lamps tho metal ir forced by pressure through 
the hole. Bored diamonds are also used for the 
pivot-supports of delicate instruments, such as 
chronometers, electric meters, Ac. 

Tho application of diamond for optical 
purposos is limited by the high cost and difficulty 
of working. Diamond lenses would need to 
have a much slighter curvature than those of 
glass, and they would be immune from scratch- 
ing Microscope objectives with such lenses 
wore constructed by Pritchard under tho direc- 
tion of G. R. Goring, in 1824-182(5. A hemi- 
sphere of diamond would also increase consider- 
ably tho range and durability of ref rao tome ters. 

References. — In addition to the references 
quoted in the several sections above, the 
following are given as being of a more general 
character. M. Bauer, Edelsteinkunde, Leipzig, 
1896; 2nd edit. 1909; Eng. transl. (Precious 
Stones), by L. J. Spencer, London, 1904 ; C. 
Hintze, Handbuch der Mineralogio, Leipzig, 
1898, vol. i. ; C. Doelter, Handbuch der Mineral- 
chemie, Dresden and Leipzig, 1912, vol. i. ; 
Sir W. Crookes, Diamonds, London, 1909 ; 
Sir H. A. Miers, Diamond, article in Encyol. 
Brit. 1 1th edit. 1910 ; E. Boutan, Le Diamant, 
Paris, 1886 ; E. W. Streeter, The Great Dia- 
monds of tho World, London, 1882; W. R. 
Cattello, The Diamond, London, 1911 ; Annual 
Reports on Precious Stones, bv G. F- Kunz, The 
Mineral Industry (New York); and by D. B. 
Sterrett, m Mineral Resources, Uni tea States 
Geol. Survey. L. J. S. 

DIAMOND BLACKS, -FLAVINE, -GREEN, 
-YELLOWS v. Azo- colouring matters. 

DIANA. The alchomistic name for silver. 
DIANIL BLACK, -BLUE, -PONCEAU, 
-YELLOWS v. Azo- colouring matters; 
Primuline. 

o-DIANISIDINE v. Diphenyl. 

DIANISIDINE BLUE v. Azo ■ colouring 

MATTERS. 



diastase. 


BIANOL BRILLIANT RED, -RED v. AZO- 
COLOURING MATTEB8. 

DIANTHINE v. Azo- colouring matters. 

DIAPHTHERIN, DIAPHTHOL, DIASPIRIN, 

v. Synthetic drugs. 

DIARSENAL. Canadian name for salvarsan. 

DIASPIRIN. Trade name for Buccinyl sali- 
cylic acid. 

DIASPORE. A native hydrated alumina, 
AI,0 3 *H 2 0 or AIO(OH), crystallising in the 
orthorhombic system and isomorphous with 
goethite and manganite. It is usually found as? 
scales or foliated masses with a perfect cleavage 
in one direction on which the lustre is pearly ; 
but it is readily distinguished from other foliated 
minerals (mica, &c.) by its much greater hard- 
ness (H.=6£-7). Sp.gr. 3 4. When heated 
before the blowpipe it decrepitates violently, 
breaking up into pearly white scales (hence the 
name diaspore, from hia<rire'ipdv, to scatter). 
In colour, it is usually grey or yellowish- brow n, 
but palo-violqjt crystals are also found. It is 
usually four! as an alteration product of 
corundum and emery, but occurs also as a 
mineral of contact-metamorphio origin m crystal- 
line limestones. It is of importance as a con- 
stituent of bauxite, and in a particular type of 
bauxite, called diasporite, occurring m crystal- 
line limestone in the Bihar Mountains, Hungary, 
it constitutes the bulk of the material. L. J. S. 

DIASTASE or Amylase is the name given to 
the enzyme or mixture of enzymes which con- 
verts starch and glycogen into maltose. In 
France, the word ‘ diastase ’ is used as a general 
term for all enzymes, a custom which causes 
considerable confusion, and which it is to he 
hoped will lapse. 

Diastase is very widely distributed in plants 
and in animals. It is found in blood serum, in 
muscle, liver ana pancreas, and particularly in 
the saliva, this latter enzyme being long known 
under the name ptyahn. 

The power of germinated barley to hydrolyse 
starch was discovered by Kirchoff in 1814, 
and the enzyme preparation was first made by 
Payen and Persoz in 1833. Diastase is found 
very generally in the leaves and twigs, in the 
germinating seeds, in the hark, in the pollen 
grains, and in the latex of plants. It occurs in 
yeast and in most of the mould fungi, the enzyme 
of Aspergillus oryzee, the so-called Taka 'iiuslase 
being well known on account of its industiial use 
in the manufacture of the Japanese bevorage, koji. 

Diastase, like all other ’enzymes, has not 
been prepared in anything approaching a pure 
state. Considerable uncertainty exists also as 
to whethor it is a single enzyme or a mixture 
of enzymes acting in turn to convert starch 
into dextrin and dextrin into maltose. Modem 
evidence favours the view that it consists of a 
Btarch- liquefying enzyme or amylopectase, and a 
saccharifying enzyme able to hydrolyse soluble 
starch, but without much action on raw starch 
until this has been rendered soluble by the 
amylopectase. The two enzymes are found 
together, but in unequal proportions. Wheaten 
flour, for example, frequently has a deficiency of 
liquefying enzyme. 

There are well-marked differences between 
the enzymes present in resting barley and in 
malt {cl. Lintner and Eckhardt, Zeitsch. Ges. 
Brauw. 1899, 389; J. L. Baker, Chem. Soo. 
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Trans. 19 oa, hi, U77), on® oi tne ernef of these 
being that the diastase of raw grain possesses 
little if any starch-liquefying power. Baker has 
shown that the products of hydrolysis of starch 
by alcohol-precipitated enzymes from the two 
sources, are not the same. Brown and Morris 
have termed the enzyme of resting barley 
‘ translocation diastase/ that of malt ‘ secretion 
diastase 1 (Chem. Soc. Trans. 1890, 68, 468 ; 
1893, 63, 604). They regarded these as not only 
different in their actions, but as formed from 
different materials. This latter assumption has 
boen disputed (cf. Ling, J. Inst. Brewing, 1908, 
14, 494 ; Ford and Guthrie, l.c., 1908, 14, 61). 

Some authors consider the saccharifying 
enzyme to bo a mixture, attributing a different 
enzyme to each stage in the simplification of the 
starch molecule, Jt is impossible at present to 
make any definite statement on this point. In 
support of it, it appears that exposure to a 
temperature of 68° acts more injuriously on the 
conversion of dextrin to maltose than on that of 
starch into dextrin. Heating diastase does no4 
affect the liquefying power, though the sacchari- 
fying action largely disappears. 

The quantity of diastase contained in the 
barley grain increases gradually in the course of 
germination : it. is said to reach a maximum in 
about 8 or 9 days, when tho plumules are twice 
as long as the grains. 

Diastase as it exists m cereals is partly 
present as an insoluble zymogen in combination 
with protein substances which aro capable of 
attack by pepsin ; in solution tho enzyme is 
free and unaltered by pepsin. The dissolved 
enzyme is more active os the amount of nitrogen 
in solution increases. 

Preparation. — A great variety of methods 
have been proposed for the preparation of 
diastase, the majority of these starting from 
malt. According to O’Sullivan (Chem. Soc. 
Trans. 1884, 46, 2), finely ground pale barley 
malt is saturated with water, adding enough to 
slightly cover it and after 3-4 hours as much 
of tho solution as possible is expressed by means 
of a filter pross. After filtering, alcohol (sp.gr. 
0-83) is added, as long as a fiocculent precipitate 
forms, the addition being discontinued as soon 
as tho liquid becomes opalescent or milky. The 
precipitate is collected, washed with alcohol of 
increasing strength until dehydrated, pressed be- 
tween cloth and dried in vacu6 over sulphuric acid. 

Lintner (J. pr. Chem. 34, 378) treats 1 part 
of green barley malt or Hour of air-dried malt 
with 2 #o 4 parts of 20 p.c. alcohol for 24 hours, 
and precipitates the oxtract with 2$ volumes of 
absolute alcohol. Tho precipitate is washed 
with aloohol and ether to dehydrate it, and dried 
m varu6. 

Loew extracts germinated barley with 4 p.c. 
alcohol, and precipitates the oxtract with basic 
lead acetate. The precipitate iB suspended in 
water, lead removed with hydrogen sulphide, 
and the enzyme precipitated with a mixture of 
a^pohol atid ether. 

Wroblewsky extracts finely powdered malt, 
first with 70 p.c. and then twice with 46 p.c. 
alcohol. Alcohol is added to the two last 
extracts until 70 p.c. is present, the preoipitate 
formed is collected, washed with alcohol and 
ether, and dried. • 

For further purification, fcoth Wroblewsky 
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and Osborne and Campbell dissolve the enzyme 
in water, and precipitate it with amxnoninm sol- 
hate, which is added drop by drop, until the 
quid contains 60 p.c. On standing, a very 
active yellowish flaky precipitate is obtained. 

Green barley malt may also be extracted 
with glycerol, and the diastase precipitated by 
alcohol' E (front extracts with water and 
induces alcoholic fermentation in the extract 
so as to remove carbohydrate and protein matter. 
It is then filtered and the diastaso precipitated 
by alcohol. 

Animal diastase is best obtained from saliva. 
Cohnheim uses freshly prepared calcium phos- 
phate as precipitant, extracts this precipitate 
with water, and adds alcohol to obtain the 
enzyme. Alcohol is also used for direct precipita- 
tion, likewise ammonium sulphate. Von Wittich 
extracts pancreas diastase with glycerol. 

For the preparation of an active diastatic 
extract for laboratory use, ground malt should 
be extracted with twenty times its weight of dis 
billed water at 21 0 for 3 hours and filtered bright. 

The diastase of Aspergillus oryzae is sold in 
commerce as Taka-diastase. A pure form can 
be prepared from the commercial article bv 
extracting with water, precipitating with 
artimonium sulphate, dissolving the precipitate 
in water, dialysing and finally precipitating 
fractionally with alcohol. 

Preparations of diastase obtainod as de- 
scribed above are colourless, amorphous, and 
friable, readily dissolving in wator; but if 
allowed to dry without being dehydrated, they 
are horny and not easily penetrated by wator. 
They invariably contain ash, which consists of 
potassium, calcium, and magnesium phos- 
phates, with a trace of sulphate. They give a 
doop blue colour with a 1 p.c. alcoholic solution 
of gum guaiacuin and hydrogen peroxide. 

Lintner’ s diastase gave the reactions of the 

S rote ins, and was found to contain C, 40*66 p.c. ; 

[, 7*35 p.c. ; N, 10*42 p.e. ; S, 1*12 p.c., calcu- 
lated on the ash-free product. Osborne (Bor. 
1898, 31, 264) found for his most active prepara- 
tion, which had a diastatic power of 600 and 
contained 0*66 p.e. of ash, 0=52*6 p.c., H 
=6*72 p.c.,* N= 16*1 p.c., S= 1*9 p.c. ; and Wro- 
blewsky gives N=10*5 p.c. for nis purest dias- 
tase. Both authors regarded diastase as a protein 
combined, according to Osborne, with a proteoBe. 

The most recent work of Frankel and 
Hamburg (Beitr. Chem. Physiol, n. Path, 1906, 
8, 389) leads to the conclusion that diastase con- 
tains neither protein groups nor reducing carbo- 
hydrates in its molecule. Impurities were re- 
moved from the enzymo solution with lead 
acetate, the solution sterilised by filtration, and 
further purified by fermentation with a yeast 
which had been rendered nitrogen-hungry. This 
preparation could be divided by dialysis into 
two distinct enzymes, one of which — the 
saccharifying — passed through the paper, while 
the other — the liquefying — was left behind. It 
showed absenoe of typical protein reactions, byt 
contained a pentose in small amount. 

The purified diastase preparations obtained 
by Pribram (Biochem. Zeitsch. 1912, 44, 293) 
from malt extract contained 7*7 p.c. of nitrogon 
and 1*6 p.c. of ash ; one-sixth of the nitrogenous 
matter separated as a coagulum on heating. 
The filtrate on hydrolysis with sulphuric acid 


yielded a reducing substance which was con- 
sidered to be a polycarbohydrate add which 
existed in the enzyme in combination with a 
simple polypeptide. The purified diastase was 
inactive, but is activated by the addition of 
traces of lactic acid. 

Particularly active preparations have been 
obtained by Sherman and Schlesinger (J. Amer. 
Chem. Soc. 1913, 36, 1617) by extracting 
ground malt with two and a half times its weight 
of water or very dilute acid phosphate solutions 
at as low a temperature as possible, with subse- 
quent dialysis, followed by fractional precipita- 
tion with alcohol or acetone. The products 
obtained had a diastatic power of 1800-2200 
on the Lintner scale. 

The most active preparations contained most 
nitrogen — about 14 p.c. in maximum. When 
tested by the Van Slyke method they contained 
combined nitrogen in all the usual eight forms, 
the proportions being within the range of 
variation shown by typical protoin substances. 
The optimum hydrogen ion concentration ex- 
pressed by Sorensen’s exponent was between 

4*2 and 4*6 (J. Amer. Chem. Soc. 1915, 
37, 623). The purified amylases obtained from 
tho pancreas and from malt are similar in physical 
properties, show the same qualitative reactions 
and have the same percentage of nitrogen 
distributed in the same way among the different 
types of ammo acid radicals (J. Amer. Chem. 
Soc. 1916, 37, 1306). 

Tho activity of diastase is very greatly 
influenced by the nature of the substrate on 
which it acts, more particularly as to whether 
this is alkaline or acid. Certain substances, 
such as the amphoteric amino- acids and aspara- 
gine, also ammonium and calcium phosphate, 
increase the activity, asparagine being especially 
effective in some instances. Vegetable diastase 
exhibits the maximum activity m presence of 
traces of weak organic acids. The very smallest 
quantities of alkali stop action, though this 
begins again as soon as the alkali is neutralised. 
In reality, the above accelerating substances are 
all of acid nature, and the apparently favourable 
effect of acid is due not to the acid per se, but 
to its neutralising alkaline « impurities present, 
Maximum activity is attained in neutral (in the 
sense that water is neutral) solution. Minute 
traces of metallic impurities have an adverse 
influence. The temperature of maximum ac- 
tivity of diastase is about 66° ; heated above 
this, it begins to show decomposition. 

Estimation of diastatic power .— Since it has 
not been obtained in a pure state, the absolute 
estimation of diastase is an impossibility ; more- 
over, the very great influence of external con- 
ditions on diastatic activity, to which allusion 
has been already made, makes it difficult to do 
more than compare the relative activities of a 
number of materials under precisely similar 
conditions. As this is an important operation 
in brewery control, the methods of analysis have 
been accurately laid down. The diastatic power 
is often termed the Lintner value, and expressed 
in degrees Lintner. The standard is 100° 
when 0*1 c.c. of a 6 p.c. solution of malt, acting 
on a 2 p.c. solution of soluble starch for 1 hour at 
70°F., produces reduoing sugar equivalent to 
6 c.c. of Fehling’s (Barreswil’s) solution. 
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To obtain accurate results, great stress must 
be laid on the purity of the distilled water and 
soluble starch used : commercial starches are 
frequently alkaline. All work must be carried 
out in hard-glass apparatus (c/. Ford, J. Soc. 
Chem. Ind. 1904, 23, 8). 

The method adopted by the Malt Analysis 
Committee of the Institute of Brewing (J. Inst. 
Brewing, 1906) for malt, is as follows : 25 
grams ground malt are extracted with 600 c.c. 
of distilled water for 30 hours at 70°F. and 
filtered bright. 3 c.c. is allowed to act on 
100 c.c. of 2 p.c. soluble starch at 70°F. for 
1 hour. Diastatic action is then stopped by 
the addition of 10 c.c. jV/10-sodium hydroxide, 
and the liquid made up to 200 e.c. Sugar is 
then determined either volumetric-ally or gravi- 
metrically. The results are calculated by the 
formula 

' Diastatic power =1000/ary 

where a=thp number of c.c. of malt extract 
contained lr 100 c.c. of the fully diluted starch- 
conversion liquid, and jy=the number of c.c. 
of the same liquid required to reduco 5 c.c. 
of Folding's solution. When the diastatic 
capacity exceeds 50°, 2 c.c. or less of malt 
extract are taken, particularly for the malts 
over 80° used by distillers and vinegar makers. 
The diastatic power of English brewing malt 
ranges between 35° and 40°, that of groen 
malt from 110°-125°, showing that a large 
proportion of tho enzyme is destroyed during 
the kilning. 

Lintner tosts solid preparations of the puri- 
fied enzyme by dissolving 0*2 to 0*5 gram in 
50 c.c. water and adding to a series of test-tubes, 
each containing 10 c.c. of 2 p.c. soluble starch 
solution, 0*1, 0*2, &c., up to 1 c.c. of the enzyme 
solution. Aftei an hour, each tube is boiled in 
the water-bath with 5 c.c. of Folding’s solution, 
and that determined in which the copper solu- 
tion is just completely reduced. A second 
Beries enables this point to be ascertained with 
greater accuracy. 

Similar methods have been based on the 
oolourations with iodine, shown by starch and 
dextrin solutions. Wohlgomuth sets increasing 
quantities of enzyme in a series of tubes with 
5 c.c. of a 1 p.c. starcli solution under precisely 
similar conditions. After 30 to 60 minutes at 
40°, the tubes are cooled in ice and a drop of 
N / 10 iodine solution added. Colours varying 
from dark-blue, blue-violet; reddish-yellow, and 
yellow are obtained. Wohlgemuth selects the 
tube in which tho violet shows as indicating 
complete conversion to dextrin. 

Diastase, like other enzymes which act on 
carbohydrates, is much affected by the products 
of its activity with which it forms adsorption 
compounds — hence the peculiarities exhibited 
in a starch conversion. Provided that the 
temperature and other conditions selected are 
such that the enzyme is not destroyed, the 
diastase recovered at the end of a reaction is 
just as active towards a second quantity of 
starch as an equal portion of fresh enzyme. 
Diastase is thus a true catalvst (<*/. Van Laer, 
Bull Soc. chim. Belg. 1912, 26, 223). 

• Uses . — Diastase plays a most important part 
in the brewing, distilling, and baking industries. 
Malt extracts, concentrated in vacud at a low 


temperature to viscid syrups, are largely used 
by bread bakers and in some food preparations. 
Considerable quantities of such active prepara- 
tions, made from malts’ of high diastatic power, 
also find employment in laundries for the 
purpose of removing starch from stiff collars, 
shirts, &o. (See also articles Starch; Fermenta- 
tion ; Hydrolysis. ) E. F. A. 

DIATOMITE (Diatomacecms Earth , Infusorial 
Earth, Tripdite or Tripoli", Ger. Kieselguhr , 
Bergmehl). A form of opaline silica consisting 
of the siliceous remains of diatoms (Diatomaceae). 
These are unicellular, free-swimming plants 
belonging to the large group of Algse. The 
cell-wall, or frustule, of each minute individual 
consists of two shields or valves of siliceous 
material with elaborate and beautiful ornamen- 
tation. More than 10,000 spoeies of diatoms 
have been described ; they vary considerably 
in form — fusiform, elliptical, discoidal, globular, 
and acicular. Material composed of individuals 
of tho acicular form, the length of which varies 
from 0.093 to 0.156 mm. and the thickndte 
0*00156-0*00468 mm., is best suited for technical 
purposes. Diatoms multiply extremely rapidly 
and inhabit both fresh and salt water, being 
more abundant in cold latitudes. On de%th, 
their remamB accumulate, under certain con- 
ditions, at the bottom of Bwamps, lakes, or the 
open ocean. Besides being formed at the 
present day, such deposits are also mot with in 
strata of Pleistocene and Tertiary age. 

Diatomito is a loose, pulverulent material 
with a mealy or earthy texture, resembling soft 
chalk or dried clay in appearance. It is friable 
between the fingors with a harsh feel, and 
grates between the teeth. In colour it iB white, 
grey, yellowish, brownish, or greenish. It is 
very light, floating on water; sp.gr. of air- 
dried material 0*24 and of calcined 0*34. Its 
high dogreo of porosity depends on the fact 
that the shells of the diatoms are hollow. Good 
material absorbs four or five times its weight 
of water. Further, it is a bad conductor of 
heat, electricity, and sound, and is resistant 
to heat and most chemicals. Of acids, only 
hydrofluoric attacks it, but it is slowly dissolved 
by a hot solution of caustic alkali. Chemically 
it consists of hydrated silica, mixed with various 
impurities, such as sand, hydroxides of iron, 
olayey, calcareous, and organic matter. 70-90 
p.c. of Si0 3 may be present. 

Analysis I, is of white material (dried at 
105°) from Auxillac, Oantal, Auvergne ; II, of 
green Viaterial from Auxillac ; III, from Loch 
Cuitbir (or Quire), Skye, Scotland ; IV, from 
Richmond, Virginia ; and V, of Tripolite from 
BUin, Bohemia (including also SO a 0*12, P s 0 8 


0*24, NH, 

0*03). 

I. 

II. 

III. 

IV. 

V. 

Si0 2 . 

91*61 

88*56 

88*73 

75*86 

74*20 

TiO a . 

0*10 

0*18 

— 

— 

— 

A1 2 0 3 . 

1*53 

2*16 

— 

9*88\ 

6*81 

je 2 o a •. 

2*22 

0*73 

0*67 

2*92} 


CaO .' 

0*18 

0*26 

0*04 

0*29 

0*41 

MgO . 

0*29 

0*02 

— 1 


— 

KgO . 

trace 

0*47 

— 1 

1*63 

0*02 

Na 2 0 . 

trace 

0*44 

— } 


0*30 

H,0 . 

2*33 

3*01 

6*40 

8*37 

13*30 

Organic 1 

| 1*74 
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Tripolite (Ger. Tripel, Polierschiefer= polish- 
ing shale) differs from diatomite in being more 
compact with a laminated structure and conse- 
quently less light (sp.gr. 1-86) and porous. It 
merely represents the same material of a greater 
geological (Tertiary) age. 

The most extensively worked deposits of 
typical diatomite (Kicsolguhr) are those on the 
Luneburgcr-Heide (heath) in Hanover. Here 
beds with a thickness of 10-15 metres occur m 
basins in Pleistocene sands. The uppermost 
layers are white, below they are grey, and at 
the bottom of the deposit green. The green 
material contains from 15 to 30 pc. of organic 
matter, sufficient for calcination without 
addition of fuel. A bed of 5-7 metres covered 
by Tertiary clay and basalt is worked at Vogols- 
borg near Altenschlirf m Hesse. Similar deposits 
of recent to Miocene age aro also widely distri- 
buted in the volcanic region of central France (De- 
partments of Cantal and Puy-de-I)6me). Here 
the material is known as randannile and cp.i/ssahte, 
ffom Randanne and Ceyssat respectively ; and 
it is worked commercially under tho name 
tell wine. (On the French and German deposits, 
sec (5. Schmidt, Ann. dcs Mines, Paris, 1010, 
xvii. 370.) Deposits are met with in peat- bogs 
at several places in Scotland, and beds up to 
40 feet in thickness of good efuahty material 
are now worked at Loch Cuithir (or Quire) in 
the parish of Kilmuir in Skye (W. 1. Macadam, 
Min. Mag. 1884, vi 87; *1880, vii. 30, 35; 
1889, vni. 135. Special Reports on tho Mineral 
Resources of Great Britain, Mom. Gonl. Survey, 
1910, vol. v.). Similar deposits also occur in 
Co. Antrim (J. H. Pollok, Sci. Proc. R Dublin 
Soc. 1899, ix. 33). Extensive deposits, many 
of thorn of Tertiary age, are of wide distribution 
in the United States, especially in California, 
(H. Ries, Economic Geology, New York, 1910). 
Other localities are Monk* Armata in Tuscany, 
Victoria, 1 Norway, Denmark, Hungary, Algeria. 
Chili, &c. The typical tripolite forms yellowish- 
white bands 0 5-1 -5 m. thick in beds of clay, 
gypsum, and ‘ Saugsehicfer ’ (absorbent shale) in a 
Tertiary basin near Bilin m Bohemia. 

In the preparation of the material for the 
market, that of tho purer white quality, after 
being dug out from open pits, is simply air 
driecY in the open or m sheds. Organic matter 
is removed by calcination. Less pure material, 
containing sand, &e., is treated by washing and 
sedimentation. Iron is removed by tho action 
of acids. 

Tho varied uses of diatomite depend ‘on its 
peculiar properties of porosity, lightness, non- 
conductivity, resistance to heat and acids. It 
was used by tho Greeks and Romans for making 
l'ght fire-proof tiles ; and in the middle ages 
was mixed with meal for bread, under the 
impression that it had a medicinal value. As 
an absorbent it has been much used with 
nitroglycerine for the manufacture of dynamite. 
The so-called dry sulphuric acid is prepared by 
saturating calcined diatomite with three* or four, 
times its weight of acid. Such material can be 
transported with little risk. Diatomite packed 
around carboys of acid will soak up leakage in 
case the vessels become cracked. It has also 
been used as an absorbent of bromine, dis- 

1 On Australian deposit, tee Bull. Imp. Inst., 
London, 1916, xlv. 40* 


infeotants, and liquid manures. On account 
of its non-oonduotive properties it is used, 
sometimes with asbestos, as a light packing 
material for boilers, steam-pipes, cooking- 
stoves, safes, refrigerators and refrigerating 
apparatus, fire-proof and sound-proof floors 
and partitions of buildings, bulkheads of ships, 
&e. Mixed with clay, lime, sawdust, &c., it 
can be used in the manufacture of fire-proof 
bricks and tiles • and having a low coefficient 
of expansion such material is specially adapted 
for making tubes, models, &c. it is used in 
the manufacture of various cements and artificial 
stones. Mixed with magnesia cement it gives 
a fire-proof cement for stoves ; with shellac, 
Bealmg-wax and gramophone records are made. 
It is also used as a filtering material for liquids 
and gasos ; and various liquids (wine, beer, 
acids, oil, syrups) can be clarified by stirring 
with 1 p.e. of diatomite and allowing to settle. 
As a filler it is employed in the manufacture 
of rubber, cotton fabrics, paints, saiety matches, 
paper, papier-mfiche, soap, scounng-powdors, 
tooth-powders, &c Fused with calcium and 
magnesium borates it yields a non-cracking 
glass for glazes and enamels, which can also 
be used for painting on glass. As a source of 
silica, it is used in the preparation of sodium 
silicate, ultramarine, smalt, &<;. Finally, as 
an abrasive (< pv ) it, particularly the tripolite 
variety, is used for polishing metals and stoves. 
(lief. B. Daminor and O Tietze, Die Nutzbaren 
Minoralicn, .Stuttgart, 1913, vol. i ; Diatomaceous 
Earths (Kieselguhr) and their Utilisation, Bull. 
Imp. Inst. London, 1905. m 88-103. L. ,T. S. 

DIAZINE BLACK, -BLUE, -GREEN v. Azo- 

COLOT7RTNG MATTERS. 

DIAZO- COMPOUNDS. These organic sub- 
stances, like the azo- compounds, contain the 
characteristic group — N 2 — , but whereas, m the 
latter series, this bivalent radical is invariably 
attached to two carbon atoms, C'N 2 ’C, in the 
former it is generally, although not invariably 
combined with only one carbon atom, the other 
valency being satisfied by (1) an electro negative 
ion Ac in the diazommn sail# C-N 2 ’Ar ; (2) an 
oxygen atom in the diazohydroxidett (‘ diazo- 
hydrate a’) ON 2 ’OH and diazo-oxides (‘ diazo- 
tatex ’) ON 2 -OR ; (3) a rtitrogon atom in 

diazoamines ( diazoamino - compounds) 

ON 2 -NHR 

and diazomines ( azimino-comp&wnds ) 

ON a -NH-C ; 

(4) a sulphur atom in diazosulphonales 

on 2 -so 3 k 

and diazosvlphides ON 2 ‘S'N s 'C. 

The diazocyanides C-N/CN contain tho azo- 
group attached to two carbon atoms, one of which 
belongs to a cyanogen group, and these com- 
pounds which, in general, aro distinctly coloured, 
form an intermediate group between the fore- 
going diazo- derivatives and the azo- compounds. 

Certain aliphatic diazo- compounds ( v . infra) 
contain the group — N 2 — attached by two 
active valencies to the same carbon atom. 

I. Diazonium Salts. 

These diazo- derivatives are generally, but 
not exclusively, prepared from aromatic amines, 
and the process, which is termed diazotisation, is 
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carried out with the undissociated salt of the 
amine, and not with the free base. In a hydro- 
lysing solvent like wate^ it is therefore custo- 
.mary to diazotise aniline and its derivatives 
with sodium nitrite ( l molecule) and cxcoss 
(2J to 3 equivalents) of mineral acid. 

Aromatic Diazonium Salts. 

The diazotisation of the benzenoid and 
naphthalenoid amines is frequently earned out 
on a manufacturing scale owing to the employ- 
ment of aromatic diazomum salts in the pro- 
duction of azo- colouring matters. More than 
1000 tons of para nitraruhno are diazotised 
annually in the production of ‘ paia-ni tramline 
red ’ 

The aromatic base is dissolved in dilute 
hydrochloric or sulphuric acid (3 equivalents m 
iO-20 p.c. aqueous solution) ami the solution 
treated with an equivalent quantity ( J molecule) 
of sodium nitrite in 10-20 p.c. solution The 
diazotisation *is completed when tin* liquid con- 
tains a sligh excess of nitrous acid us indicated 
by starch and iodide paper. 

With aniline and its honinlngucs, the tem- 
perature of the diazo- solution is generally 
maintained at 0"— 5" to prevent, so far as possible, 
the leeompositiou of the unstable diazomum 
salt, but in other cases, eg the nitmnilines, 
naphthylamnioH, benzidine, and .other diphenyl 
bases, the diazotisation is eanied out most 
readily at 10". The ammo anthraqumones 
are diazotised at 30 "-40° (Schaarschimdt, Her. 
1910, 49, 2(»78). 

In the manufacture of soluble azo- dyes, the 
diazomum salts are generally employed m 
aqueous solution, but solid diazo- compounds, in 
dry or paste form, have been introduced to 
enable dyers to prepare ‘ ingrain ’ azo- colours 
which are developed on the textile fibres (v Eng. 
Pat. 18429, 21227, 1894 ; 8989, 11707, 1895; 
1045, 1890 ; 15353, 1897; J) It. IT 85387, 
88949, 94280, 1894, 89437, 1890). 

In alcoholic or arctic aeid solution, diazotisa- 
tion can bo effected on the salt of the amine 
without using an excess of aeul, and ethyl or 
amyl nitrite may, with advantage, be substituted 
for sodium nitrite. Caseous methyl nitrite, 
which has been employed in certain diazotisa- 
tion (Chem. Sou. Trans. 1913, 103, 1398), ih 
very readily prepared and is a cleaner reagent 
than amyl nitrite. 

Benzenediazonium chloride f! e H 5 *N 8 (fl, the 

simplest example of an aromatic diazonium salt, 
is prepared by adding the calculated quantity 
of amyl nitrite to aniline hydrochloride sus- 
pended in glacial acetic acid at 10° ; it is pre- 
cipitated from the clear solution thus obtained 
by the addition of other. 

Benzenediazonium sulphate U,H 5 N 2 -HS0 4 
is preparod in a similar manner from aniline 
sulphate suspended in glacial acetic acid, the 
precipitation being effected with alcohol and 
ether. 

Benzenediazonium nitrate C # H 4 -N,-N0 3 , 
which was first precipitated from aqueous solu- 
tion by ether and alcohol (Crioss, Annalen, 1866, 
137, 39), can also be produced in alcoholic or 
lacial acetic acid solution (Knoevenagel, Ber. 
890, 23, 2995 ; Bamberger, ibid . 1896, 29, 446 ; 
Hirsch, ibid, 1897, 30, 92 ; HantzBch and Jo- 
chem, ibid. 1901, 34, 3337). 
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Diazonium salts have been obtained with a 
large variety of anions : pbtiinichloridea, wrichlo- 
rides, stanmchlorides, ferricyanides , nitroprussiates 
(Ber. 1879, 12, 2119, 1885, 18, 965), chromates 
(Jahreaberichte, 1867, 915 ; Chem. Soc. Trans. 
1905 87, 1), carbonates and nitrites (ibid, 1905, 
87, 921), fluorides (Ber. 1903, 36, 2059), perchlo- 
rates (rind. 1906, 39, 2713, 3146), picrales (Chem. 
Soc. Trans. 1907, 01, 1316), azides (ibid. 1910, 
97, 1697 ; Ber. 1903, 36, 2056), thiosulphates , 
tungstate* (J. Soc Dyers, 1901, 17, 279), thio- 
acetates (Monatsli. 1 907, 28,247), borofluorides 
(D. It. P. 281055), phospko-molybdates and tung- 
state* ((’hem. See. Trans. 1909, 95, 1319), aryl- 
sidplnnates ( Ber. 1911, 44, 141 5, zm a chlorides. 
Rev. Cen. Mat Col. 1914, 18, 4 ; f}-naphlhd-l- 
sulphnnales, Eng. Pat. 8989, 11757 of 1895; 
I). It. P 93305. 

All diazomum salts are liable to explode in 
the dry state, for they are endothermic com- 
pounds (Borthelot and Vieflle, Compt. rend. 
1881, 92, 1076; Sventoslavsky, Ber. 1910, 43, 
1479) and in some eases the explosion point hf*$ 
been determined (Ber. 1899, 32, 1691 ; 1900, 33, 
527) Tlio diazonium chromates and per- 
chlorates decompose with considerable violence, 
so that the former have been suggested as 
explosives (Bull Soc. cliim. 1867, |2] 7, 270; 
Fr. Pat. 73286). 

Bisdiazonium salts (Tclrazo- sails). These 
compounds are produced from aromatic di- 
amines winch do not contain their ammo- 
groups m oilho- or pen- positions (v. Cyclic 
diazo- row pound*). 

When the two ammo- groups arc in the same 
aromatic nucleus, complete diazotisation is 
effected only with Home difficulty. Meta- 
phenylenodiammc hydrochloride and sodium 
nitrite furnish the azo- colouring matters 
included under the term ‘ Bismarck brown ’ 
(Bor. 1897, 30, 2111, 2899 ; 1900, 33, 2116), but 
when a solution of the base in excess of hydro- 
chloric acid is added quickly to a large excess of 
well-cooled aqueous nitrous aeul, complete diazo- 
tisation takes place and be nzrne-m- bisdiazonium 
chloude Cl] 2 is produced. When the 

nitrite is added suddenly to the diamine hydro- 
chloride, nitroso-r/i-phenylenediamine results. 
Para-phenyl enediamme hydrochloride, when di- 
azotised m the usual way, gives a mixture of 
diazonium and bisdiazonium chlorides, but when 
the hydrochloride is added to excess of nitrous 
acid, benzene-p-bisd iazonium chloride is obtained. 

In the naphthalene series, l:4-naphthylene- 
d lam inf is diazotised with difficulty, owing to its 
oxidisability, but in producing its azo- deriva- 
tives, this difficulty ih surmounted by working 
with its monoacyl- derivatives and diazotising 
m two stages with an intervening hydrolysis 
(Eng. Pat. 18783, 1891). The hetcronucleal 
naphthylenediaminoB, excepting the 1:8- com- 
pound, can be completely diazotised, yielding 
naphthalenebisdiazonium salts (Ewer and Pick, 
D. R. PP. 45549, 45788 ; BadiRehe Anilin und 
$oda Ftfbrik. D. R. P. 130475; Morgan and 
Mieklcthwait, Chem. Son. Trans. 1910, 97, 2568). 
Benzidine, tolidinc, diamsidine, and other 
similar heteronuclear diamines of the diphenyl 
and ditolyl series are readily diazotised, furnish- 
ing bisdiazonium salts (e.g. diphenylbisdiazonitm 
chloride CPN s (^H t -C a H 4 *N a -Cl), which are em- 
ployed in the manufacture of substantive 
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a*o- dyes (v. Congo red and Benzopurpurin ; art. 
Azo- colouring mattbrs). There are oertain sub- 
stituted para-diamines in the benzene diphenyl 
and naphthalene series which have hitherto 
resisted all attempts at complete diazotisation 
(Ber. 1884, 17, 603 ; 1896, 29, 2285 ; 1905, 38, 
3769 ; Eng. Pat. 2946 of 1896). 

VELOCITY OF DIAZOTISATION. 

Under the usual experimental conditions, 
diazotisation proceeds with great rapidity, but 
in N/1000 solutions, the velocity of this reaction 
has been determined by a colorimetric method 
for' estimating the freo nitrous acid. The re- 
action is of the second order, and the values of 

the constant C=— — — - are 0 - 036 for aniline, 
t(a—x) 

0'038 for p-toluidme, and 0 , 041 for m-xylidme, 
with one molecular proportion of free acid at 
0°. At higher temperatures, the rate is in- 
creased (Hantzsch and Schumann, Ber. 1899, 32, 
1691; 1900, 33, 527; Tassilly, Compt. rend. 
1913, 157, 1148; 1914, 158, 335, 489). Both 
colorimetric and electrolytic determinations of 
the velocity of diazotisation show that, in the 
absence of disturbing influences, all the aromatic 
amines are diazotisod at the same rato. 

ALTERNATIVE METHODS OF PRODUCING ARO- 
MATIC DIAZONHTM 8ALTS. 

Nitrosyl chloride or brom ide has been suggested 
as a diazotising agent (Tddcn and Millar, (hem. 
Soc. Proc. 1894, 59 ; Kastle and Reiser. Amer. 
(hem. J. 1895, 17, 91). Nitrosyl sulphate has 
been used with advantage (Pabst and Girard, 
D. R. P. 6034 ; Ber. 1879, 12, 365 ; Morgan 
and Micklethwait, them. Soc. Trans. 1910, 
97, 2558). This reagent or sodium nitrite 
dissolved in concentrated sulphuric acid is 
employed in diazotising slightly basic amines 
(Morgan and Evens, them. Soc. Trans. 1919, 
116, 1130 ; cf. .1. p r. them 1900, |ii.j 74, 275). 
Jiarrum nitrite, when employed in conjunction 
with sulphuric acid, furnishes diazo- solutions j 
free from inorganic salts (Witt, Ber. 1903, 36, 
4388). The last-named investigator has brought 
forward an interesting process which consists in 
dissolving the base in cold concentrated nitric acid 
and adding the calculated amount of potassium 
metabisulphite required to produce sufficient ni- 
trous acid for the diazotisation (Ber. 1909. 42 
2953). ' ' 

Diazonium bromides are formed by the inter 
action of hydrazines and diazonium perbrotnides 

2RN 2 Br,+RN 2 H 3 =3RN,Br+3HBr 
(Chattawav, Chem. Soc. Trans. 1908, 93, 958). 
An electrolytic process for the production of 
diazonium salts has been patented (Boehringer 
& Sons, D. R. P. 152926, and Eng. Pat. 2608 
of 1904). 

Diazonium salts can also be prepared from 
compounds not containing amino- groups ; 
mercury diphenyl and nitrous fumes give 
benzenediazonium nitrate (Ber. 1897, 30, 5091, 
and the same salt is produced from nitroso- 
benzene and nitric oxide in chloroform solution 
{ibid. 1898, 31, 1528). Fuming nitric acid 
reverses the coupling process and regenerates 
the diazonium salt from its azo- derivatives 
(Meldola, Chem. Soc. Tmns. 1889, 56, 608 ; 1894, 
66, 841 ; and O. Schmidt, Ber. 1905, 38, 3201). 


Diazonium chlorides are regenerated from 
azo-dyes by decomposing the latter with 
ohlorine or hypochlorous acid (J. pr. Chem. 
1912, [ii.] 85, 236. 

Certain complex or highly substituted amines 
resist diazotisation unless treated under pressure 
(D. R. P. 143450) or with excess of nitrous and 
mineral acids (Annalen, 1873, 165, 187 ; 1891, 
260, 224 ; Ber. 1900, 33, 520). 

(For indirect methods of forming diazonium 
salts, v. Annalen, 1879, 199, 320; 1888, 243, 
282 ; 1892, 270, 116 ; Bor. 1893, 26, 2190 ; 1899, 
32, 1809; 1900, 33, 1718; J. pr. Chem. 1896, 
fii.J 54, 496 ; Gazz. clnm. ital. 1900, 30, 1526 ; 
Bull. Soc. chim. 1891, [ui.] 6, 94.) 

Reactions of Aromatic Diazonium Salts.* 

In addition to their power of coupling with 
phenols, aromatic amines, and their sulphonic 
acids to form the technically important azo- 
colouring matters, the diazonium salts are 
synthetical agents of the groatest > alue, and the 
following is a synopsis of the principal reactions 
in which they take part : — 

1. Decomposition of Diazonium Salts by 
Water. 

(Cf. Ber. 1874, 7, 1061; 1894, 17, 2704; 
1899, 32, 1773; 1890, 23, 3635; 1902, 35, 89; 
J. pr. Chem. 1881, fii ] 24, 476 ; Chem. Soc. Trans. 
1902, 81, 77 ; 1903, 83, 688; 1905, 87, 5 ; 1906, 
89, 19.) 

The decomposition of soluble diazonium salts 
by water is a unimolecular reaction, and is re- 
presented by the well-knoWn equation : 


The relative stability of the diazonium salts 
is ascertained by comparing the values of the 
constant. C for a given temperature. The most 
successful method of making this determination 
consists in heating solutions of the diazo- com- 
pounds at a fixed temperature, and measuring 
the rate at which nitrogen is evolved. A con- 
venient apparatus, which can be used in this 
determination and also for studying the decom- 
position of diazo- compounds in general, is 
indicated in the following figure. 



These quantitative decompositions show 
that the diazonium salts from aniline and ortho- 
and meta-toluidinc are among the least stable 
of the series, whereas considerably greater 
stability is exhibited by the diazotised nitrani- 
lines and the diazonium sulphonates derived 
from the benzenoid and naphthalenoid amine- 
sulphonio’acids. 




The zete of decomposition of diazo- pom- 
pounds increases with the temperature and in 
accordance with Arrhenius’s formula for the 
temperature coefficient 

ct 1 *a 0 «M»i-v/TiT 0 

The rate of decomposition is independent of 
the quantity of mineral acid present, and equiva- 
lent solutions of benzenediazonium chloride, 
bromide, sulphate, nitrate, and oxalate decom- 

E ose with the same velocity ; this change is, 
owever, accelerated by colloidal platinum or 
silver, owing to catalytic action (Hantzsch, Ber. 
1900, 33, 2517 ; Hauascr and Muller, Bull. Soc. 


even in certain cases where the action of hot 
water or acids is very slight (Chem. Soc. Trans. 
1907, 91, 35: cf. Compt. rend. 1881, 92, 1074; 
Ber. 1890, 23, 3131 ; 1901, 34, 1668 ; D. R. PP. 
63455, 56606 ; J. Soc. Chem. Ind. 1890, 9, 1001). 

2. Decomposition of Dlazonium Salts by 
Alcohols. 

The reaction between diazonium salts and 


alcohols may proceed in two different ways : 

1. RN 2 X+C 2 H 6 -0H=R-H+C a H 4 0+N,+HX 

2 . R , N.,'X4-CnH.0H=R , 0 , CuH 1[ +N*+HX 


The former of thoso changes was originally re- 
l garded as tho general reaction, but more recent 
! researches have shown that the second is the 


chim. 1892, fiii.1 7, 721 ; 1893, 9, 353 ; Compt. I 
rend. 1892, 114, 549, 669, 760, 1438 ; Schwalbe, | 
Zeitsch. Farb. Ind. 1905, 4, 433 ; Ber. 1905, 38, j 
2196, 3071; 1909, 42, 196; Cain, Chem. Soc. 
Trans. 1902, 81, 1412 ; 1903, 83, 206, 470 ; 1905, j 
38, 2511 ; Euler, Annalen, 1902, 325, 292 ; Velcy 
and Cain, Trans. Faraday Soc. 1909, 5, 1). 

In general, the decomposition of a diazonium 
salt by water leads to the formation of a phenol 

R-N 2 -HS0 4 f h 2 o=r oh+h 2 so 4 +n 2 

The sulphate is tho best salt to employ in 
this reaction, because the chloride and nitrate 
ore apt to lead respectively to alternative or 
secondary changes. Benzenediazonium sul- 
phate and its homologues furnish phenol and 
the cresols and xylenols ; diphonyl-4:4'-bis- 
diazomum sulphate gives rise to 4.4'-dihydroxy- 
diphenyl. Aurin is similarly obtained from 
diazotised rosamlme (Annalen, 1878, 194, 306). 

In certain. cases, more especially in the 
naphthalene sories, the product is contaminated 
by azo- compounds, resulting from tho coupling 
of the hydroxy- derivative with a portion of the 
still undecomposod diazonium salt (Chem. Soc. 
Trans. 1903, 83. 221). To obviate this difficulty, 
so far as possible, excess of acid is used in the 
decomposition. The manufacture of the o- 
naphtholsulphomc acids ( e.g . 0H:S0 3 H = 1 :4 
and 1 : 8) from the correspondmg a-naphtliyl- 
aminesulphomc acids furnishes typical examples 
of the technical application of the process. 

Secondary reactions occur even in the sim- 
plest cases (Ber. 1890, 23, 3705), and in many 
instances, where the boiling is protracted owing 
to the great stability of the diazo- compound, 
not a trace of the hydroxy- derivative can bo 
isolated (Amer. Chem. J. 1889, 11, 319; Cain, 
Chem. Soc. Trans. 1903, 83, 688). When the 
phenolio product is volatile In steam, the normal 
change is facilitated by operating with solutions 
boiling above 100°. A good yield of guaiacol is 
obtained by adding the diazo- salt of ortho- 
anisi dine to a mixture of sodium sulphate and 
dilute sulphuric acid boiling at 135°- 145°, the 
volatile product being removed at the moment 
of formation (Kalle & Co., Eng. Pat. 7233 
of 1897 ; cf. Annalen, 1889, 253, 281 ; Ber. 1874, 
7, 1008; D. R. P. 167211; Chem. Soc. Trans. 
1906, 87, 19; cf. Willstatter and Schudel, Ber. 
1918, 51, 782. 

(For other exceptional decompositions of 
diazo- compounds, v. Ber. 1874, 7, 1061 ; 1884, 
17, 2704 ; 1899, 32, 1773 ; 1902, 35, 89 ; Chem. 
goo. Trans. 1896, 69, 1327 ; 1902, 81, 77, 1905 ; 
87,6; 1906, 89, 19). 

The diazo- compounds are very sensitive to 
light, whioh induoes the phenolic decomposition 


normal change. The factors determining the 
course of tho reaction are, however, numerous 
and complicated, involving ( 1 ) the nature of the 
alcohol ; (2) the influence of substituents in the 
diazonium salt ; (3) the prossure and temperature 
at which the decomposition is affected. 

The tendency to replace the diazo- group by 
hydrogen increases with the molecular weight pf 
the alcohol employed. Benzenediazonium chlor- 
ide or sulphate and methyl alcohol give anisole 
exclusively. With ethyl alcohol, these salts 
yield chiefly phonetole, but benzene is also pro- 
duced. The diazonium sulphates from p-chloro- 
and p-bromo-aniline furnish only p-chloro- and 
p-bromo-benzeno with ethyl alcohol, but with 
methyl alcohol they give rise mainly to the 
methyl ethers of p-chloro- and p-bromo- phenol 
(Amer. Chem J. 1898, 20, 229; cf. Annalen, 
1871, 159, 191 ; Ber. 1901, 34, 3337 ; 1903, 36, 
2061 ; Amer. Chem. J. 1893, lb, 518 ; 1897, 19, 
531, 547, 561). 

The diazo- salts of the simpler amines 
(aniliuo and its homologues) react chiefly in the 
direction indicated by the second of the fore- 
going equations, and yield mixed ethers, but the 
presence of acid substituents 

(01, Br, N0 2 , C0 2 H, NHSO,R) 
favours the predominance of tho first change. 
The nitramlines (ortho-, meta-, and para-) give 
respectively 87, 51, and 40 p.c. of nitrobenzene 
the 1:2-, 2 : 1-, and 1 : \ -nitronaphthylamines 
furnish the corresponding nitronaphthalenes, 
whereas a- and /3- naphthylamines yield o- and 
jS-othoxynaphthalenes (Remsen and others, Ber. 

1885, 18, 65; Amer. Chem. J. 1886, 8, 243 ; 
1887, 9, 587 ; 1891, 13, 153 , 1892, 14, 16). 

The yield of alkyl ether increases with rise 
of pressure, but the addition of zinc-dust or an 
alkali (sodium hydroxide or ethoxide, potassium 
carbonate) inhibits almost entirely the forma- 
tion of mixed ether and leads to the substitution 
of the diazo- group by hydrogen (Amer. Chem. J. 
1893, 15, 105, 301, 320, 379; 1894, 16, 235; 
1895, 17, 454 ; 1897, 19, 163, 531 ; 1898, 20. 
298; 1904, 31, 119). 

3. Replacement of the Diazo- Group by 
Hydrogen. 

In addition to the action of alcohol, the 
diazo- group can be eliminated by the use of a 
variety *bf reducing agents : — 

(i.) The diazonium salt is reduced to the oorre* 
sponding hydrazine and the hydrazino- group 
NIl’NH* removed by boiling with copper Mphate 
(Baeyer and Pfitzinger, Ber. 1886, 18, 90, 786). 

(it) Reduction of the diazo- compound with 
alkaline sodium «ten»»fe«(Friedl&nder, Ber. 1889, 
[ 22, 587). 
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(iii ) By various other reducing agente, 
stannous formate (Bor. 1885, 18, 357 ; J. pr. 
Ohem. 1889, [ii.] 40, 97), hypophosphorous acid 
(Ber. 1902, 35, 102), sodium hyposulphite {ibid. 
1907, 40, 858), formic acid and copper poivder 
{ibid. 1890, 23, 1032), aluminium powder in 
alcohol (Morgan and EvenB, l.c.}, 

4. Replacement of the Diazo- Group by 
Halogen, Cyanide, Cyanate, and Thiocyanate 
Radicals. 

Fluorine may be introduced into the 
aromatic nucleus m place of the diazo- group 
by treating the diazomum salt with hydro- 
fluoric acid. Diazoairuno- compounds (v. injui) 
are also employed m bringing about this re- 

f ilacement, aiid when treatod with concentiated 
lydrofluonc acid they yield the corresponding 
fluoro- derivative ; lluorobenzenn is thus pro- 
duced from diazoaminobenzeno or diazobenzeno- 
piperidide («J. pr. Chem. 1870, [a.) 1, 395; Ber. 
1875, 8, 893 ; 1879, 12, 581 ; 1889, 22, 1840). 

The first really successful process for re- 
placing the diazo- group by chlorine (or hi amine) 
was discovered by Handmcyer , it consists in 
adding tho diazctised solution to cuprous 
chloride (or bromide) dissolved in warm hydro- 
chloric (or hydrobromie) acid, when nitrogen is 
evolved and the* corresponding chloro- or hromo- 
derivative is produced (Ber 1884, 17, 1033, 
2050; 1885, 18, 1492, 1490, 1880, 19, 810, 
1890, 23, 1028, 1880; Annalon, 1893, 273, 
141). 

The first stage in the Fandmtyu miction is 
considered to be the formation of an additive 
compound of diazomum salt and copious 
chloride ; the decomposition of tins inter- 
mediate product proceeds readily only above a 
certain temperature, which is ditlerent for each 
diazonium salt (Erdmann, Annalen, 1893, 272, 
141; cf. Votocek, (them. Zeit. Rep. 1890, 20, 
70 ; Hantzsch and Blagdon, Ber 1 900, 33, 
2544). The substitution of bromine for diazo- 
nitrogen follows a sinulai course (Phil. Tians. 
1804, 154, 073 ; Anualen, iHtiO, 137, 49 ; Amur 
Chem. J. 1891, 13, 480; (fuzz, chilli ital 1890, 
20, 031). 

The foregoing substitutions are also effected 
by tho addition to solutions of diazonium 
chlorides or bromides of finely divided copper 
or the copper bronze of commerce (Clattermann, 
Ber 1890,23,1218; J 892, 25, 1074; Ullmann, 
ibid. 1890, 29, 1878; cf. Angeli, ibid. 1891, 24, 
952). 

Iodine is readily substituted for tho diazo- 
complcx by treating the acid diazo- solutions 
with potassium iodide even in the absence of 
copper or cuprous salts. 

The iSandrnoyer reaction includes the im- 

§ orient synthetical operation of replacing the 
iazo- group by a cyanide radii al, the diazo- 
nium salt being added to a warm solution of 
potassium cuprocyanido. The (Jatterinann pro- 
cess is also applicable to this synthesis, the 
addition of copper powder to a mixture of 
diazonium salt and potassium cyanide inducing^ 
a similar replacement (Ber. 1890, 23, 1218). 
The cyanate radical is introduced in the place 
of the diazo- group by adding successively to a 
solution of diazonium salt, potassium, cyanate, 
and copper powder (Ber. 1890, 23, 1220; 1892, 
26, 1080). The thiocyamte group is introduced 
by adding potasaiiyn thiocyanate and cuprous 


thiocyanate to a solution of diazonium sulphate 
{ibid. 1890, 23, 738, 770).- 

5. Replacement of the Diazo- Group by Sul- 
phur and Sulphur- containing Radicals. 

These reactions are of importance as furnish- 
ing methods for the synthetical production of 
sulphomc acids. 

Thiophcnoh or disulphides arc obtained by 
treating diazonium salts with potassium xanth- 
atc and then hydiolysing the resulting aromatic 
xanthate (Leuckait, J. pr. Ohem. 1890, [ii.) 41, 
179; cf. Bei 1887, 20, 349; Olicm. Soc. Proc 
1895, I J , 141). Phenyl sulphide is produced by 
treating benzenediazoiuum salts with hydrogen 
sulphide or ammonium sulphide (Her. 1882, 15, 
1083). Benzenoid diazonium salts yield sul- 
phides on treatment with sodium cuprous thio- 
sulpliato, but diazotised a-naphthylamine only 
gives a-ttzonaphthulene (Ber 1901, 34, 3908). 

Tho replacement of a diazonium by a sul- 
phuuc group is efleeted by saturating with 
sulphur dioxide an and solution <jf diazonium 
sulphate and adding copper powder ; nitrogen 
is evolved and the resulting sulphmie acid ex- 
tracted with ether (Oattenmmn, Ber 1899, 32, 
1130; Eng. Pat. 20139 of 1890; D. R. P. 
95830). 

The foregoing thiophcnois, disulphides and 
sulphmie acids yield the conespomling sulphomc 
acids on oxulutvm (1>. R. P. 70280 ; Eng. Pat. 

1 1805 of 1892). 

0. Replacement of the Diazo- Group by 
Nitro-, Nitroso-, and Amino- Radicals. 

Tho introduction of a nitro- group is brought 
about either by beating the diazonium salt with 
nitrous acid and cuprous oxide or by mixing the 
diazonium sulphate with eupio-cupric sulphite 
and adding excess of alkali nitrite By the 
latter process, 2.4.0-tnbi oniobcnzenediazonium 
sulphate gives 05 p.c. of l-mtro-2 : 4 : 0-tn- 
bromo benzene and diazotised /3-naplithylamino 
gives 25 p c of 0-nitronaphthalene, a substance 
prepared with considerable difficulty by other 
processes (Her. 1887, 20, 1497 ; 1900, 33, 2544). 
The introduction of a nitioso - group is effected 
by treating a diazomum chloride with alkaline 
potassium forrocyanide (Ber. 1893. 20, 471). 
Tile addition of hydroxylamme to a solution of 
diazonium salt lesults m the Regeneration of tho 
| original amine (Ber. 1892, 25, 372 ; 1902, 35, 
2593, 3920). 

7. Formation of Azoimides. 

Tho introduction of tho azimino- group N s 
into tho aromatic nucleus is effected by the 
following reactions : ( 1 ) action of hydroxyl- 
amine on diazonium sulphates (Bet. 1892, 25, 
372 ; 1893, 20, 1271 ; Forster and Fierz, Chem. 
Soc. Trans. 1907, 91, 855, 1350) ; (2) interaction 
of ammonia and diazomum perbromides ; (3) 
direct action of sodium azide on diazonium salts 
m excess of sulphuric acid (Nolting and Michael, 
Bor. 1893, 20, 80 ; Forster and Fierz, Chem. 

| Hoc. Trans. 1907, 91, 1942). The last of these 
processes is carried out so readily that the 
production of an azimino- compound may be 
used to estimate the number of diazo- group in 
a diazonium salt (Meldola and Hawkins, Cnem. 
Soc. Proc. 1892, 8, 133 ; Morgan and Mickle- 
thwait, Chem. Soc. Trans. 1910, 97, 2560). 
Aromatic azoimides are also produced by the 
interaction of chloroamine, NH a Cl, and diazo- 
nium chlorides (Forster, Chem. Soc. Trans. 1915, 



Wl, 260), And by removing water from the 
mtrosoarylhydroxylamines. 

These aryl azoimides can be employed syn- 
thetically as a means of transforming an amine 
into the corresponding aminophenol when 
warmed with moderately concentrated sulphuric 
acid, two -thirds of the nitrogen are eliminated 
and a hydroxyl group is introduced into the 
nucleus (Ber. 1894, 27, 192; Morgan and Porter, 
Chem. Soc. Trans. 1915, 107, 651). 

Miscellaneous substitutions, v. Chem. Soc. 
Trans. 1888, 53, 460; Arner. Chem. J. 1888, 10, 
368 Ber. 1902, 35, 1964. 

For tile replacement of the diazo- group by 
arsenic and stibnnc complexes consult Organic 
Arsenicals and Organic Antimonials. 

Condensations effected hy Means of 
Aromatic Diazonium Salts. 

A/.o- compounds are formed, to a slight 
extent, during the Sandmeyer reaction, and tins 
condensation •takes place to a greater extent 
when the usual order of mixing is reversed and 
the cupious ehloi.de added to the cold solution 
of diazomum salt. Aniline, o-chloraniline, and 
o- and p-toluidine give considerable quantities 
of azo- derivatives, but the nitraiulines and 
their homologues furnish diphenyl compounds 
(Nienicntowski, Ber. 1901, 34, 3325 ; Ullinann 
and Korgan, ibid. 3802 ; 1) R. P. 126961). 
Cuprous oxide dissolved in ammonia or hydroxy 1- 
amine also promotes the diphenyl condensation 
(Annalen, 1902, 320, 122), diphenyl itself being 
readily prepaied by adding copper, zinc, or iron 
powder to nenzencdiazomum sulphate in dilute 
alcohol (Ber. 1890, 23, 1226) ; flfl-dinaphthyl is 
similarly produced from /3-diazonaplithalene 
sulphate (Chem. Soc. Trans. 1895, 67, 653) 
2:2'-I)imethyl-l:l'-dianthraquinonyl results from 
the condensation of 2 mols. of 2-methylanthra- 
quinone-1 -diazomum sulphate when stirred with 
acetic anhydride and copper bronze powdei 
(Scholl anil Kunz, Ber. 1907 , 40, 1697; Eng. 
Pat. 14578 of 1905). 

Interchange of Crouds in Diazonium Halts. 

The diazomum salts of the more highly 
substituted ammeg frequently undergo re- 
markable transformations, some of which have 
been suggested for use m the techmeal pro- 
duction of azo- compounds. 

The dinitroamsidines, containing nitro- 
groups either in ortho- or jra-ra- positions with 
regard to the ammo- group, exchange these 
radicals for hydroxyl during the process of 
diazotisation. In certain instanees, the me- 
thoxyl group present in these compounds under- 
goes deme thy lation, &c., with the production of 
internal diazo- oxides (qumonediazides). The 
nitro- group is set free in the form of nitrous 
acid, which continues the diazotisation process 
on further quantities of the base (Meldola and 
others, Chem. Soc. Trans. 1900, 77, 1172 ; 1901, 
79, 1076; 1902, 81, 988; 1905, 87, 1206). 
Methoxyl or chlorine radicals in para- positions 
with respect to the diazo-complex are rendered 
labile by contiguous nitro- groups so that para- 
diazo-oxides are produced (Klemenc, Ber. 1914, 
47, 1407 ; Morgan and Porter, Chem Soc. Trans. 
1915, 107, 653), but on accumulation of acidic 
(nitro) groups favours the removal of adjacent 


| nitro- groups and the formation of ortho -diazo - 
oxides (Meldola and Reverdin, Chem. Boo. 
Trans. 1910, 97, 1204). A sulphonio group 
is replaced by hydroxyl in the diazotisation 
of m - p heny lenediaminedis ulphonic acid (Eng. 
Pat. 18283 of 1903), and certain of the 
dinitronaphthylamines, when diazotised, yield 
internal diazo-oxides, owing to the initial re- 
placement of a nitro- group by hydroxyl (Ber. 
1894, 27, 2211 ; 1895, 28, 1951 ; cf. Chem. Soo. 
Trans. 1895, 67, 908). 

Tho replacement of an acidic (electro- 
negative) substituent by hydroxyl frequently oc- 
curs on treating the diazomum salt with alkalis. 



S0 3 H SOjH S0 3 H 


A sulphonio acid group may be simdarly 
eliminated as in /3-naplithylanune-l . 5 : 7-tnsuh 
] i home acid which, when diazotised and treated 
with weak alkali, yields iuvphthylcnc-2-diazo-J- 
oxido-5 . 7-disulphomc acid (1). R. P. 141750; 
Eng. Pats. 16811, 20551, of 1901 ; 1561, 6615, 
23993, of 1902 ; 16995, 27372, of 1903 ; 4997, of 
1904). 

These leplacements sometimes take place 
even when the diazo- solutions are diluted with 
water, or spontaneously when the diazomum 
base is present as tho salt of a weak acid (acetate, 
oxalate, carbonate, &e ) [v. Orton, Proc. Roy. 
Soc. 1902, 71, 153; Chem. Soc. Trans. 1903, 83, 
796 ; 1907, 91, 1554 ; Noltmg and Battogay 
Ber. 1906, 39, 79). 

p-l 'hlorobenzenediazoni um thiocyanato 
CK' 6 11 4 \N 2 -CNS 

undergoes a remarkable molecular transforma- 
tion when dissolved m alcohol eontamuig a 
trace of hydrochloric acid. The thiocyanate 
and chlorine radicals change, places, and on 
adding ether to the solution, p-tluocyanobenzene 
diazomum elilorido is precipitated (Hantzseh, 
Ber. 1896, 29, 947). Similarly, 2:4- 0-tribromo- 
benzenediazomum sulphato m presence of excess 
of potassium thiocyanate is converted into 
2.4:6-trithiocyanoheiizonediazonium thiocyanate 
and many brominatod diazonium chlorides pass 
into chlorinated diazomum bromides (Ber. 1897, 
30, 2334; 1898, 31, 1253; I960, 33, 505; cf. 
Chem. Soo. Trans. 1902, 81, 1376). The last of 
these transformations has been studied quanti- 
tatively, and the following generalisations have 
been established : — 

(l.) Bromine atoms are replaced by chlorine 
only when present in the ortho- or para- position 
with respect to the. diazomum group, those in 
ortho- positions boing most readily removed. 
A bromine atom in the meta- position is not 
affected. 

(u.) The ease of transformation increases 
wdh the*number of bromine atoms present. 

* (m.) The transformation constant, calcu- 
lated from the equation for a unimolecular 
reaction K=l/f(logA/A— x), increases with the 
temperature and is also influenced by the sol- 
vent, having its minimum value in water, and 
becoming greater as tb# series of alcohols ig 
ascended. 
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(iv.) Diazonium salts containing two bro- 
mine atoms are stable when dry, but are rapidly 
transformed in ethvl alcohol; 2:4:6-tribromo- 
benzenediazonium chloride becomes transformed 
in the dry state. 

These changes do not occur either with 
iodinated diazonium chlorides or with brominated 
diazonium fluondes (Hantzsch, Ber. 1903, 36, 
2069). 

Constitution of Aromatic Diazonium Salts. 

Aromatic diazonium salts are generally 
soluble in water to a neutral solution, thus 
showing, by an absence of hydrolytic dissociation, 
that the diazonium base is a stronger base than 
the aromatic amine from which it was derived. 
The strength of the diazonium base has been 
confirmed by physico-chemical measurements. 

Determinations of the electrical conductivity 
of solutions of benzenediazonium chloride and 
nitrate show that the benzenediazonium radical 
is strictly comparable with other quaternary 
ammonium ions. The rate of migration of 
the benzenediazonium ion at 26° is 46-7, the 
corresponding constants for the methylpyri- 
dinium and tetrainethylammonium ions being 
44 ‘3 and 43 "6 respectively. The molecular 
electncal conductivity of solutions of diazonium 
salts increases with dilution, just as in the case 
of the corresponding potassium and ammonium 
compounds. 

The affinity constant of benzenediazonium 
hydroxide at 0° is 70 times greater than that of 
ammonium hydroxides, and somewhat exceeds 
that of piperidine. The affinity constants of 
p-methoxybenzenodiazonium and ^-cumidme- 
diazonium hydroxides are evon greater, and 
approximate closely to those of the alkali 
hydroxides. A comparison of the electrical 
conductivity experiments, with the results ob- 
tained m the hydrolysis of ethyl acetate by 
benzenediazonium hydroxide, shows that in 
jV/128 solutions at 0°, approximately 33 p.c. of 
the base exists in the ionisod condition (Ber. 
1890, 23, 3220 ; 1896, 28, 1737 ; 1898, 31, 1612). 

Benzenediazonium (Diazobenzcne) behaves 
like an alkali or a complex ammonium cation. 

Benzenediazonium hydroxide ( Diazobmzene 
hydrate or hydroxide) is only known in solution, 
and is produced by treating aqueous benzene- 
diazonium chloride with the calculated amount 
of silver oxide, or bv addmg barium hydroxide 
to a solution of benzenediazonium sulphate 
(Hantzsch, Bor. 1898, 31, 340). The solution is 
strongly alkaline, and gives at once an azo- 
compound with /3-naphthol ; the dissolved base 
decomposes, however, fairly rapidly even at 0°. 

The striking similarity in the physical and 
chemical properties of the diazonium and 
quaternary ammonium salts suggests the 
existence of quinquevalcnt nitrogen in the 
former compounds, and on these grounds the 
following formula, formerly proposed by Blom- 
strand (1869), Strecker (1871), and Erlonmeyer 
(1874), has now been generally adopted for 
benzenediazonium chloride and its homologues : 

C,H 6 — N v — Cl 

N 

although, for many yeans, the alternative con- 
figuration, C,H,-N=*N-@1, suggested by KekuI6, 
was usually employed. 


The close analogy existing between the 
diazonium and alkali salts is shown further by 
the facility with which the former yield double 
salts with cobaltic nitrite and with the chlorides 
of platinum, gold, and mercury. Diazonium 
perhalides are also known, corresponding with 
the perhalides of potassium, rubidium, caesium, 
and quaternary ammonium bases (Ber. 1896, 
28, 1736, 2764). 

The benzenoid diazonium salts with colour- 
less anions (nitrateB, sulphates, chlorides) are 
generally colourless, hut the corresponding 
bromides, iodideB, and thiocyanates are coloured, 
and the deeper the colour the more explosive 
the salt. When cooled in liquid air, these 
coloured salts become less coloured ; moreover, 
their aqueous solutions are colourless. 

The development of colour and increase in 
oxplosibility are considered by Hantzsch to 
indicate a change in constitution, tho coloured 
substance being regarded as an equilibrium 
mixture of diazonium salt ard syw-diazo- 
compound ( v . infra). This equilibrium is dis- 
turbed in the sense of forming more colourless 
diazonium salt by lowering the temperature or 
by dissolving the substance in water (Hantzsch, 
Ber. 1897, 33, 2179 ; 1900, 33, 2179 ; Euler, Ber. 
1896, 31, 4168). But although in tho benzene 
sorios the diazonium chlorides, mtrates, and 
sulphates arc colourless, yet in the diphenyl and 
naphthalene series, many diazonium Balts with 
these anions are coloured and comparatively 
stable. Moreover, this colour (yellow or orange) 
is retained either in aqueous solution or at the 
temperature of liquid air. Apart from their 
colour, those salts have all the properties of the 
simpler diazonium saltB (neutral solutions, 
coupling with phenols, &c.). These facts 
indicate that increase in the complexity of tho 
organic portion of the diazonium cation leads to 
the development of colour m normal diazonium 
salts. 

( Coloured diazonium. Halts, v. Hantzsch, Ber. 
1900, 33, 3183 ; 1901, 34, 4168 ; Awialcn, 1900, 
312, 126 ; Cain, Chem. Soc. Tians. 1906, 87, 6 ; 
Morgan and others, ibid. 1907, 91, 1311, 1606; 
1908,93,614; 1909,96,1319.) 

Tho idea embodied in Blomstrand’s diazo- 
nium formula ( v . supra) fails to express one 
important point, namely, the dependence of tho 
stability of the diazo- complex on tho presence of 
an unsaturated group. Yet this is a matter of 
fundamental importance, for hitherto no amine 
in which the basic nitrogon is attached to a 
fully saturated ring or complex has yielded a 
diazonium salt. 

Cain has suggested an alternative formula, 
(2), giving expression to this circumstance 
(Chem. Soc. Trans. 1907, 91, 1061), in which the 
diazonium salt is represented as having a para- 
hemiquinonoid constitution ; and this conception 
has been extended by Morgan (ibid. 1908, 93, 
617 ; 1910, 07, 2663) so as to include the equally 
admissible ortho-heiniquinonoid configurations 
(1) and (3) : 




Safer has also advocated a para- hemiquinonoid 
structure for diazonium Balts (Ber. 1908, 41, 
3979). 


Noh-abomatio Diazonium Salts. 


The foregoing hypotheses of the constitution 
of aromatic diazomum salts, which bases their 
existence on the unsaturated nature of the 
aromatic complex, accord with the fact that 
certain non-aromatic primary amines containing 
unsaturated organic groups manifest, in some 
degree, the property of diazotisability. Among 
these bases are aminotriazole (I.) and its deriva- 
tives, and aminoantipyrine (It.) : 


/NH-N N(CH 3 )-N(C # H.)-CO 
NH 2 -< Ij I I 

\n — ch C(ch 3 )— 


i. 


ii. 


■NH, 


(Thiele and Manchot, Annalen, 1 898, 303, 33 ; 
Knorr and Stolz, ibid. 1896, 293, 67 ; cf. Ber. 
1900, 33, 1168*; 1906, 39, 2925; Annalen, 1900, 
312, 133). In addition to amino derivatives of 
the pyrazoline gnup (Michaelis, Annalen, 1906, 
350, 288), the 4- and 5-amino derivatives of the 
pyrazole group give rise to remarkably stable 
diazonium salts (Morgan and Rodly, Chem. Soc. 
Trans. 1914, 105, 436 ; Michaelis and others, 
Annalen, 1911, 385, 1; 1915, 407, 229, 274; 
Mohr, J. pr. Chem. 1914; [ii.] 90, 509). 2-Amino- 
thiazole, a heterocyclic base containing sulphur 
and nitrogen in tho ring, furnishes diazonium 
salts of tho oxy acids (Morgan and Morrow, 
Chem. Soc. Trans. 1915, 107 1291). Distinct 
evidence of diazotisability has been adduced in 
tho indole and pyrrole series (Angeli and 
d’ Angelo, Atti. R. Accad. Lincei, 1904, fv.] 13, 
i. 258; Angelico, l.c. 1905, 14, ii. 167). It 
has also been shown 'K. A. Hofmann, Hock 
and Roth, Ber. 1910, 43, 682, 1087) Chat amino- 
guanidino gives rise to diazonium sa’ts, derived, 
however, not from the salts of aminoguanidine 
itself, but from a more complex molecule con- 
taining two guanidine residues, and having a 
greater degree of unsaturation. The diazonium 
nitrate, for example, is represented by the 
formula : 


NH. 


N0 2 -N 2 -NH-C(:NH)\ m 
\C(NH* 2 ) -NH ~NH -N^ 


containing a diazo- complex associated with an 
open chain having throe unsaturated linkings. 


II, Cyclic Diazo- Compounds. 

In certain instances, the action of nitrous 
aoid on substituted aromatic amines leads to the 
formation of compounds having their diazo- 
nitrogen in a cyclic complex, this result being 
due to the subsequent interaction of a sub- 
stituent group. 


1. Internal Diazonium Salts. 

Sulphonated amines of the benzene and 
naphthalene sories furnish diazo- derivatives 
wmoh are generally misnamed diazo -sulphonic 
adds. These compounds, however, do not 
contain ionio hydrogen, and are really internal 
diazonium salts ; No. 1, the so-oalled ‘ diazo- 
bmzmmdphonic acid,' being benzenediazonium- 
pfulphonate, whilst No. 2 is naphthalene- 1- 
diaxemtm- bsulphonate 
. Vol. . —T. 



These internal diazonium sulphonates are of 
great technical importance in the manufacture of 
azo- dyes (v. Azo- colouring matters). They 
are prepared either by adding sodium nitrite to 
an acid suspension of tho amino sulphonic acid 
or by acidifying a solution containing nitrite 
and the alkali salt of the aminosulphonic acid 
(Rev. prod, ehiin. 1917, 20, 21). 

Of a similar nature are the cyclic diazo- 
dorivatives obtained by diazotising aromatio 
aminocarboxylic acids (cf. Biilow and Haas, 
Bor, 1911, 44, 601), e.q. ‘ diazo-anthranilic acid' 
or he nzen ediazon i um-o-carboxyUitc 



which is employed in the production of methyi 
rod [v Acidimktry and Alkalimetry). 


2. Cyclic Diazo- Compounds due to 
Internal Condensation. 

Aromatic ortho- and pori-diamines do not 
yield diazonium salts, inasmuch as their inter- 
action with nitrous acid leads at once to the 
formation of cyclic diazoimines ( Atimino - 
compounds) 

NH-N:N 



( 1 .) ( 2 .) 


Phenylene-o-diazoimine (1) (Aziminobenzene) 
and naphthylene-l:8-diazoimine (2) (l:8-Azm»»o- 
naphthalenc) are typical members of this series 
of diazo- compounds. 

The triazole rings thus set up are remarkably 
stable, and in the case of the ortho- derivatives 
(No. 1) are not opened by mineral acids without 
complete rupture of the molcculo. The peri- 
diazoimines (No. 2) occupy a position inter- 
mediate between the ortho-diazoimines (No. 1) 
and the^para-diazoimines (v. infra). 

The 1:2- and 2:3-naphthylene-diamines 
furnish respectively 1:2- and 2:3 -napJUhylene- 
diazoimines (1:2- and 2 :3 -aziminonapnthcdenes). 
(Constitution of ortho-diazoimines and their 
acyl- derivatives, Griess, Ber. 1882, 15, 2195; 
Kekul6, Lehrbuch, ii. 739 ; Morgan and Godden, 
Chem. Soc. Trans. 1910, 97, 2557 ; cf. Ber. 
1874, 7, 316 ; 1876, 9, 221 ; 1887, 20, 2999 ; 
1894, 27, 874; Annalen, 1889, 255, 344; 
Chem. Spc. Trans. 1906, 89, 4.) Although 
Gaess’s formulation for the azimino- compounds 

in chemical litera- 
ture, it has been disproved completely, and that 
of Kekufe substantiated %y the preparation of 
three pairs of isomerides haring respectively 
2 L 


C 8 H 4 <^^^NH still persists 
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tho following formulae, where R=*acetyl, ben- 
zoyl, or benzenesulphonyl. 

n /N \ ' 

oh =\/\nr/ c W , 

r Phis form of isomerism could not exist with 
Oriess's symmetrical configuration (Morgan, 
Micklethwait and Scharff, (’hem. Hoc. Trans. 
1913, 103, 1304; 1014, 105, 117). Although 
those diazoiminos do not couple with phenols 
and aromatic bases to form azo-dyes, yet a 
synthetic employment has been found for them 
in the production of carbazole derivatives whieh 
are obtained on heating these cyclic diazo- 
compounds (Ullmann, Bcr. 189S, 31, 1097; 1914, 
47, 380). 

Similar stable cyclic dia/.o- compounds are 
obtained by diazotising the ortho-aminothio- 
phenols, r>-phenylenediazosulphide being a colour- 
less crystalline substance with a sweetish odour 
and feebly basic properties 

(Jacobsen, Annalon, 1893, 277, 209, 218, 232, 
237). 


3. Cyclio Diazo-Combounds dde to Combined 
Internal Condensation and Salt Forma- 
tion. 


In this group are found certain diazo- 
derivatives of amines containing slightly acidic 
substituents in ortho- or para-, but not meta- 
positions with respect to tho aminic nitrogen. 

(i.) Internal diazo- oxides arc produced from 
ortho- and para- auunophonols and their 
derivatives. In some cases, an intermediate 
diazonium salt is formed which condenses to the 
diazo-oxido on treatment with silver oxide or 
an alkali (Schmitt, Ber. 1868, 1, 07 ; Hantzsch 
and Davidson, ibid. 1890, 29, 1522 ; Cameron, 
Amer. Chom. J. 1898, 20, 229). The first diazo- 
oorapound prepared by Griess (Annalen, 1868, 
100, 123), namoly, dinitrobenzenediazo-oxlde. 


(N0 2 ) 2 C # H s 




belongs to this class ; it is 


produced by diazotising picramie acid, and has 
been utilised in the production of azo- colours 
(D. R. P. 151332). The 1:2-, 2:1-, 2:3-, and 
' 1 ; 8 aminonaphthols and their sulphonic acids 
similarly give rise to internal diazo-oxides which 
are so stable that they can be nitrated. These 
internal diazo-oxides are readily transformed 
into diazonuim salts by minoral acids, and are 
therefore available in the production of azo- 
dyes (Eng. Pat. 28107, of 1897; 10235, 15025, 
ot 1904 ; Fr. Pat. 353780 of 1905 ; D. R. PP. 
165083, 104605, 171024, 172446, 175593, 176018, 
176619, 176620). 

Internal diazo-oxides can also be produced 
by leaving the diazonium salts of highly sub- 
stituted amines (p.g. 2:4:6-trichloroaniline) in 
aqueous solutions containing no free mineral 
acid {Orton, Proc. Roy. Soc. 1903, "71, 153; 
Chem. Soc. Trans. 1903, 83, 796). 

Thes-i diazo- derivatives have been formu- 
lated either as cyclio diazo-oxides (I.) or as 
quinonediazides (II.) : 


OC,H 4 N, 


I. 


0:0,H ( 

IT. 




(c/. Wolff, Annalen, 1900, 3)2, 126; Morgan 
and Micklethwait, Chem. Soo. Trans. 1908, 93, 
607). 

Ropeated attempts to prepare internal diazo- 
oxides from w-aminophonol and its nitro- 
derivativos, which have Been quite unsuccessful, 
strengthen tho view that these diazo- derivatives 
are to be regarded as quinonodiazooxides (II.), 
with the reservation that similar compounds are 
producible from l:8-aminonaphthol, ‘ H acid,’ 
and other peri- derivatives (Morgan and Porter, 
l r.). In the case of aminophcnolsulphonio 
acids tho NH :OH~l:2 compounds give these 
coloured o-quinonediazidcs ; the N1I 2 :0H = 1:4 
compounds yield diazonium sulphonates changing 
to p-quinonediazidos on partial neutralisation; 
the NR 3 :OII= 1:3 compounds give rise only to 
diazonium sulphonates which lose diazo -nitrogen 
and furnish complex azo derivatives orit treat- 
ment with alkali (Morgan and Tomlins, Chem. 
Hoe. Trans. 1917, 111, 497). 

(li ) Para diazoimlnes and dlazroimldes. 

The simplest examplo of the para-diazo- 
imines is obtained by tho action of alkalis on the 
diazonium salts of p-aminodiphenylamine 
(Annalen, 1888, 243, 282; Ber. 1902, 35, 895). 
The following alternative formula) (Tit. and IV.) 
have bcon given to this product : — 

HI. IV. : 

corresponding respectively with the foregoing 
formula) (1. and II.) for the internal diazo-oxides. 
Successive nitration of the phenyl group 
gradually increases tho stability of these p- 
diazoimines (Chem. Soc. Trans. 1908, 93, 604). 

The para- diazoimides aro produced from the 
acyl- and arylsulphonyl- derivatives of the 
para-diamines, and similar products are obtained 
from the arylsulphonyl- 1 : 8-naphthylenedi- 
amines. The production of these diazoimides 
takas plaeo in two stages, the diazonium salt 
first produced being decomposed by sodium 
acetate or mild alkali, yielding the internal 
condensation produot • 

NaAe 

R-S0 2 -NHU 6 H 4 -N 2 ’C1 ^ RS0 2 'N-C 6 H 4 N ? 

% HC1 I ! 

. V. VI. 

These para-diazoimides (VI.) are yellow 
sparingly soluble substances readily reconverted 
by strong acids into tho corresponding diazonium 
salts. They combine additively with phenols, 
naphtholB, naphthylamines, and their sulphonio 
acids, yielding azo- colouring matters (Morgan 
and Micklethwait, J. Soc Dyers and Colourists, 
1909, 25, 107 ; c/. Chem. Soc. Trans. 1905, 87, 
74, 921, 1302 ; 1906, 89, 1162 ; 1907, 91, 1509 ; 
1 908, 93, 6 15 ; Badische Anilin- und Soda-Fabrik 
D. R. P. 205037). 

The foregoing general reaction has- been 
extended further by the device of diazotising 
with liquid nitrogen trioxide in an anhydrous 
solvent such as acetone. In this way the 
simplest members of the series Ao*N:C a H 4 :N t 
have been obtained containing formyl, acetyl, 
and benzoyl groups (Morgan, Upton and 
Cleaze, Chem. Soc. Trans. 1917, 111, 187 ; 1918, 
113. 
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TIL Diazoamines. 

The diazoamines or diazoamino- compounds 
have the general formula XN/NHY, and may 
be either aromatic, mixed aromatio-aliphatic, or 
aliphatic in character, according as to whether 
X and Y are aromatic or aliphatic hydrocarbon 
radicals. 

1. Aromatic Diazoamines. 

The aromatic diazoamines aro produced 
(1) by the action of nitrous acid (1 molecule) on 
two molecular proportions of a primary bonze - 
noid amine ; (2) by coupling a diazomum salt 
with a primary or secondan- benzenoid ammo. 

Diazoaminobenzene ( ' fl H 6 -N /N H -CgH 8 , yellow 
crystals, m.p. 98°, is produced in quantitative 
yield by dissolving 10 parts of aniline in two 
parts of water containing 12 parts of hydrogen 
chloride, diazotising with 8 parts of sodium 
nitrito, and adding the diazo- solution to a 
solution of 10 parts of anilino in the calculated 
amount of hydrochloric acid. The diazoamine 
is precipitated on the addition of sodium 
acetate. (Absorption spectrum of diazoamino- 
benzene, Purvis, Chom. Soo. Trans. 1914, 105, 
590.) 

Wh< n warmed with anilino containing 
aniline hydrochloride, diazoaminobenzene is 
transformed into p-aminoazobenaene (v. Azo- 
ooloumno matters), the velocity of transforma- 
tion obeying the law of uiumolecular reactions. 
When the transformation ocours below 40° a 
small proportion (about 4 p.c.) of o-amino- I 
azobenzeno is produced (K. H. Witt, Bor. 1912, ' 
45, 2380; 1913, 40, 2557). 

Diazoamino p toluene (J 7 H 7 N 2 *NH.C 7 H 7 is | 
prepared in a similar manner, and undergoes 
transformation into an ortho-azo- compound, 
but tho velocity of this change is only about 
one-ninth of that of tho preceding transfor- 
mation to para-azo- derivative. 

The coupling of diazomum salts with meta- 
phenylenediamine, diphenylamine, the naphthyl- 
amines and their alkyl derivatives, leads diroctly 
to the production of azo- derivatives ; in these 
cases, intermediate diazogmines have not been 
isolated, except when the reaetivo ortho- or 
para- positions aro already substituted (Morgan, 
Chem. Soc. Trans. 1902, 81, 91 ; 1907, 91, 370). 

When an aromatio base, XNH*, is coupled 
with a diazonium salt YN 2 C1, the resulting 
diazoamine is identical with that produced from 
XN 2 01 and YNH 2 , and is generally regarded as 
being an equilibrium mixture of the two iso- 
iherides XNH N 2 Y and XN/NHY. This ex- 
planation assumes the migration of the diazo- 
group which has been observed to occur in 
several instances (Ber. 1882, 16, 2190 ; 1896, 
.29, 287; 1897, 30.1412). 

(For the constitution of the unsymmotrical 
aromatio diazoamines, XNH-N 2 Y, v. Moldola 
and Streatfeild, Chem. Soc. Trans. 1886, 49, 
624 ; 1887, 57, 102, 434 ; 1886, 53, 664 ; 1889, 
55, 412 ; 1890, 57, 785 ; r/. Forster and Garland 
ibid, 1909, 95. 2051.) 

2. Aliphatic -aromatio Diazoamines. 

The diazoamines containing one aliphatic 
and one aromatic group can be produced by 
(1) coupling a diazonium salt with an aliph&tio 
ebnine (Ber. 1888, 21, 1016, 1112 ; 1889, 22, 938, 


1302) i (2) by treating an azide with Grignard 
reagent : 

y N 

R-N< || +R'-MgBr=R-N(MgBr)-N:NR' 

H 2 0 -> R-NH-N:NR # +MgBr-OH 
(Dimroth, Ber. 1903, 36, 909; 1905, 38, 670, 
2328 ; 1907, 40, 2390). Diazoamines present 
the possibility of stereoisomerism, but their 
relative stability and the fact that thoy couple 
only slowly with /3-naphthol, confirm the view 
that they are generally anti- diazo- compounds. 

(For stereoisomeric diazoaminos, v. J. Rubs. 
Phys. Chem. Soc. 1906, 38, 578; Zeitsch. 
angow. Chom. 19(H), 13, 762 ; 1902, 15, 1209.) 

Aromatic bisdiazoammo- compounds , e.g. 
(O # H 5 *N 2 ) 2 N-C 0 H B , have been obtained by the 
action of 2 molecular proportions of a diazonium 
salt on one of an aromatio amine (Ber. 1894, 27, 
1863,2597; 1895,28,170). 

Mixed aliphatic-aromatic bisdiazoamino - de- 
rivatives ( v . Bor. 1888, 21, 1016 ; 1889, 22, 933 1 
11907,40,2390). 

I Diazo-if/semicarbazmes (v. Forster, Chem, 

| Soc. Trans. 1906, 89, 223). 

3. Aliphatic Diazoamines. 

Dimroth’s general method may be applied 
to tho production of purely aliphatic diazo- 
amino- compounds. Tn this way, the simplest 
member of the series, diazoaminometnane 
(dimethyltriazene) CH 3 N:N-NH-CH n , has been 
prepared from methyl azide and magnesium 
methyl iodide. This substance, which is 
isolated by distilling its copper derivative with 
diazoaminobenzene under reduced pressure, is a 
colourless liquid, solidifying at — 12 6 and boiling 
at 92° (Dimroth, Ber. 1905, 38, 1575 ; 1906, 39, 
3905). 

IV. Diazo- Oxides. 

When a diazonium salt couples with a phenol 
the product is generally an ortho or a para- 
hydroxyazo- compound (tho C-azo- derivative), 
but in all probability, the O-azo- derivative is 
first produced, for in a few instances, when the 
velocity of transformation has been lessened by 
substitution, the intermediate O-azo- compound 
or diazo-oxide has been isolated. p-Bromo- 
benzenediazonium chloride and p-nitrophenol 
give p-bromobenzenediazo- 4 oxynitrobenzene 

C e H 4 BrN:N*OC # H 4 NO ? 
which, at 80°, becomes transformed into its 
isomeriae, p-bromabenzene-2-azoA-nilrophenol 
C fl H 4 BrN:NC fl H 4 (NO,)OH 
(Ber. 1908,41,4027, 4304). 

Occasionally traces of these intermediate 
diazoamines and diazo-oxides can be detected in 
the commercial azo- colouring matters (Vaubel, 
Zeitsch. Farben. Textil. Ind. 1902, 1, 3). 

V. Metallic Derivatives of Diazo* 

• Compounds. 

*ln 1894 Schraube and Schmidt (Ber. 27, 
514) found that on adding a 10 p.c. solution of 
p-nitrobenzenediazonium chloride to 18 p.c. 
aqueous sodium hydroxide at 50°-60°, a sodium 
diazo- derivative separated in yellow bronzy 
leaflets, to which they gav% the formula 
NOg^H/NNa-Ntf.H.O 
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regarding the compound as the sodium deriva- 
tive of p-nitrophenplnitrommine. This view of 
the constitution of the product was confirmed 
by the action on the compound of methyl iodide 
when p-nitrophenylmethylnitrosamine 
NOj*C 4 H 4 -N(CH 3 )-NO 
was obtained. 

This sodium salt, which was regarded by 
Hantzsch as having the constitution of an anti- 
diazo- compound, sodipm p-nitrobenzenefliazo- 
OXide (t\ infra), has been manufactured for use 
in the production of ‘ nitrosamine red ’ (B&dische 
Anilin- und Soda-Fabrik 1). R. J'P. 78874, 80203, 
81134, 81202). The addition of excess of 
mineral acid to this metallic diazo- derivative, 
determines the regeneration of the original 
diazonium salt, but treatment with dilute arctic 
acid loads to the formation of a yellow product, 
p-nitrophrnylmtrosamine N() 2 'C 6 H 4 NH-NO, a 
substance showing little tendency to couple with 
^-naphthol. 

The silver derivative obtained from the 
foregoing sodium salt yields on mothylation 
an oxygen ether N0/C a H 4 -N:N*0'CH 3 , a re- 
action suggesting tho possibility of tautomeric 
change. In many instances, two isomeric 
modifications of these metallic diazo- deri- 
vatives have bcon isolated. 

Benzenodiazonium chloride and cold eoncen- 


diazoic acid, produced by oxidising potassium 
benzenesyndiazo-oxide or -isodiazo-oxide with 
potassium ferricyanide in alkaline solution, is 
obtained in sparingly soluble white leaflets 
j (m.p. 4fi°) dissolving readily in organic solvents 
I or alkalis. With mineral acids it is transformed 
| into o- and p-nitroaniline, and with hypo- 
chlorites it yields 4-chloro-2-nitroanuine. 
Its sodium salt gives the a- or IV-ester 
CgHjj-NirHjl'NOjj, the silver s alt furnishes the 
jS- or O-ester, CpH r/N :NOOCH S . Since the 
acid is also obtained by tho action of nitrogen 
pentoxide on aniline it is probably a tautomeric 
substance C a 11 5 NH - N O 2 ^(J a H s -N :NO 2 H (Bam - 
berger, Ber. 1893, 20, 471 ; 1891, 27, 369, 914, 
684, 1273; Hantzsch, Ber. 1902, 35, 268). 

VI. Diazo- Oyanibes. 

The addition of the calculated amount of 
potassium cyanide to a cold acid solution of a 
diazonium salt determines the formation of a 
sparingly soluble diazo- cyanide. In many 
instances, two modifications *of the diazo- 
oyanidos can bo distinguished, and these varieties 
aro regarded by Hantzsch os being stereoiso- 
meric forms. p-Chlorobcnzenediazonium chlor- 
ide, from p-cliloramline, yields first the yellow 
labile syn -p chlorobenzenediazocyanide (I.), 

which roaddy evolves nitrogen, yields 
C 8 H 4 C1N C a H 4 ClN 


trated potassium hydroxide yield the normal 
labile form of potassium benzenedmzo-oxtde (I.), 
which readily couples with /3-naphthol. The 
stable modification of potassium benzenediazo- 
oxide (II.) is produced by heating the strongly 
alkalino solution of the normal or labile salt at 
130°-140° ; this isomeride couples only very 
slowly \fith /3-naphthol. 

According to Hantzsch, theso isomerides havo 
respectively the following formula* : — 

c,H 6 N c 8 h 6 -n 

KON NOK 

I. Syn - (labile form). II. Anti- (stable form)., 

Bobbie and Tinkler (Chcm. Soc. Trans. 1906, 
87, 273) havo found, however, that these iso- 
meric potassium salts have totally different 
ultra-violot absorption Bpectra. But as stereo- 
isomerides, like the bonzaldoximes, have iden- 
tical absorption spectra, it seems probable that 
the above isomeric salts are structurally dis- 
similar. Confirmation of the stereochemical 
theory would be obtained by isolating the anti- 
diazohydroxide from tho stable (anti-) potassium 
salt, but on treating this with an acid, the nitro- 
samine separates. Moreover, the product sup- 
posed by Hantzsch and Pohl to be an anli- 
diazohyAroxide (Ber. 1902, 35, 2904) was shown 
by Orton to be a mixture of quinonediazide and 
a hydroxyazo- oompound (Proc. Roy. Soc. 1903, 
71, 153 ; Chem. Soc. Trans. 1903, 83, 796). 

The existence of the syn- diazohydroxides is 
doubtful, and diazonium hydroxides (v. supra) 
are only known in solution. 

Diazoanhydrides RN:N0N:NR or 
R*N'O N;NR are very unstable explosive com- 
N 

pounds produoed by the action of acetic acid on 
the metallic syn- diazp-oxides. The anti- diazo - 
oxides, when thus treated, give nitro samines. 

Aromatic diauoic adds ArN,0,H. Benzene- 


cn*It n.cn 

I. Syn-dlnzocyaulde. IT. ^nfi'-diazocyanldc. 
p-chlorobenzonitrile on treatment with copper 
powder, and passes into tho stable awb-p-chloro- 
benzenediazocyanide (II. ). The latter sub- 
stance, which is not affected by copper powder, 
may bo distilled in steam without decomposition. 

Confirmation of this stereochemical theory 
of the constitution of tho diazo-cyanidos has 
been obtained by a study of the cyanides de- 
rived from p-methoxybenzenediazonium chlor- 
ide. This salt with potassium cyanide in 
alcoholic solution yields the syn - diazocyanide 
(III.), an orange-red insoluble substance (m.p. 
61°), which couples with /3-naphthol and slowly 
changes into the qon-eoupling anti - diazo- 
cyanide (IV.), a brownish - rod compound, 
melting at 121°. 

ch 3 -o-c,h 4 -n ch 3 -oc 6 h 4 n 

Cn4 A*CN 

III. IV. 

The existence of a third isomeric cyanide is 
indicated by evaporating at the ordinary tern- 
peraturo in the presence of excess of hydro- 
cyanic acid, an aqueous solution of p-mothoxy- 
benzenediazonium hydroxide. The colourless 
crystalline product has the composition : 

CH 3 0C 4 H 4 *N 3 ‘CN,HCN,2H 3 0 
and possesses all the propertied of a true metallio 
salt ; it is very soluble, and its solution is an 
electrolyte. Moreover, this double salt couples 
with /3-naphthol, and is converted by alkalis into 
the yellow syn-diazo cyanide. These properties 
correspond with those of the normal diazonium 
salts, and the foregoing soluble oyanide is re- 
garded as having tne following constitution : 
CH,-0 0 # H 4 *N'CN 
N 

(Hantzsch, Ber. 1900, 33, 2161 ; 1904, 34, 4166). 
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The two pairs of diazo- cyanides from p- 
ohloraniline and p-anisidine were examined 
spectroscopically by Dobbie and Tinkler, who 
found that each pair gave almost identical 
ultra-violet absorption spectra, whereas the 
above soluble diazonium cyanide gave an entirely 
different spectrum. Those results are in accord- 
ance with Hautzsch’s view of the configuration 
of the diazo- and diazonium cyanides (Chem. 
Soc. Trans. 1905, 87, 273). 

It has, however, been suggested by several 
workers in this fiold that the isomerism of tho 
diazo- cyanides is structural, the syn - compounds 
being iso-cyanides R\N:N\NO and their antt- 
isomerides, cyanides RN:N'0N (Ber. 1895, 28 
801 ; Chom. Soc. Trans. 1903, 83, 805). 


VII. Diazo- Sultiionatks. 


Although tho stereochemical theory of tho 
constitution of diazo-. cyanides is supported by 
physical as wqll as chemical evidence, yet it is 
significant thau tho only other series of salts m 
which this isomerism has been dctectod is one 
derived from sulphurous acid, a substance 
resembling hydrocyanic acid m giving me to 
organic isomoric derivatives which are structur- 
ally dissimilar. 

The diazo- sulphonatos, prepared by adding 

g otassium sulphite to aqueouS solutions of 
enzenoul diazonium chlorides, frequently exist 
in two difforently coloured modifications, but in 
most cases the syn- isomeride is too unstable to 
be isolated in a pure state. 

Potassium syn-2.4 diiodobenzenediazosulpho- 
nate (I.) is an orange substance, whilst the anh- 
salt (II.) is yellow : 

CjH a L,-N 

KSCVN 

I. 


N-SOjK 

II. 


Tho diazotised naphthylaminos behave ex- 
ceptionally, yielding only syw-diazosulphonatos, 
which, on warming pass, not into their anh ■» 
isomerides, but into the corresponding azo- 
naphthalenes (Ber. 1897, 30, 71). 

The syn- and anh- modifications of potassium 
benzenedlazosulphoaate f! a H 6 N:N*«0 3 K, wero 
found by Dobbie and Tinkler {l.c.) to have 
identical ultra-violet absorption spectra. This 
fact supports tho stereochemical theory of their 
structures (c /. Ber. 1894, 27, 1720, 2099, 2580, 
2930, 3527 ; 1895, 28, 242, 447, 834, 801 ; J. pr. 
Chem. 1894, (ii.j 50, 239 ; Meyer and Jacobsen, 
Lehrbuoh der Org. Chem. ii. 303). 


the general formula becomes f>C:N:N (Thiele, 
Ber. 1911, 44, 2522; Forster and Cardwell, 
Chem. Soo. Trans. 1913, 103, 861; c/. Ber. 1912, 
45, 1654; 1916, 49, 1884. 

Although glycine is converted by nitrous 
acid or alkyl nitrites into glycollic acid, yet its 
ethyl ester gives rise to ethyl dlazoacetate 
N 2 :CH , C0 2 *C i ,H 4 , a yellow liquid freezing at 
24° and boiling at 143°- 144 ’/72 mm. (Curtius, 
Ber. 1883, 10, 2230). 

One kilogram of ethyl aminoacetate hydro- 
chloride ana 760 grams of sodium nitrite are 
added successively to 2 litres of water containing 
5 grams of sodium acetate. The mixture is 
shaken until tho temperature falls to 0° ; 5 c.c. 
of 10 p.c. sulphuric acid and 500 c.c. of ether are 
added and the liquids thoroughly agitated. The 
ethereal layer is separated and the treatment with 
dilute acid and ether repeated until red fumes 
are evolved. The ethereal extracts are washed 
with dilute aqueous sodium carbonate till 
alkaline, dried with calcium chloride, and the 
solvont removed on tho wator-bath. The vietd 
of ethyl diazoacetate is 94 ’7 p.c. of the calculated 
quantity (Silberrad, Chom. Soc. Trans. 1902, 81, 
600). 

With iodine, ethyl diazoacetato yields 
diiodoacetic acid, and with aldehydes it con- 
denses to form ketomo esters : 

R‘CH0-f-N 2 :CII-C0 2 -C 2 IL 

RC0CII 2 C0 2 C 2 H 6 

One of the most remarkable reactions of this 
diazo- ester is its condensation with benzene and 
its homologues, giving rise to a series of esters 
containing seven-membered hydrocarbon rings 
(Bueherer, Bor. 1896-1903, 29, 106 ; 30, 632, 
1949 ; 31, 399, 402, 2004, 2241, 2247 32, 705 ; 

33, 184 ; 36, 3509 ; Annalen, 1908, 358, 1). 

Ethyl diazoacetate, when heated with alkalis 
undergoes a series of eomplox polymeric changes 
(Curtius, Ber. 1885, 18, 1283; 1906, 39, 1383, 
3398, 4140 ; 1907, 40, 84, 815, 1170, 1194, 1470 ; 
1908, 41, 3116, 3140, 3161 ; J. pr. Chem. 1888, 
[2 1 38, 408; llantzseh, Ber. 1900, 33, 58; cf . 
Chem. Soc. Trans. 1902, 81, 598). 

Diazo- derivatives are not obtained from 
free a-amino-carboxylie acids, and only from 
those amino-esters of aliphatic acids containing 
the amino- group in the a-position with respect 
to alkylated carboxyl group. Tho esters of 
those polypeptides which contain tho amino- 
group in the a-position to a carboxyl- group can 
also be.transformed into diazo- derivatives. 
NH 2 -CH,-C0-NH-0H 2 *C0 2 Et 

N 2 :CHCONH-CH 2 -C0 2 Et 


VIII. Aliphatic Diazo- Compounds. 

The amines of thb aliphatic series, when 
treated with nitrous acid, generally lose their 
basic nitrogen, the amino- group becoming re- 
placed by hydroxyl. In some cases, however, 
the nitrogen is retained and an aliphatic diazo- 
oompound is produced, having the general 

formula RH-C<^ with the azo- group attached 

entirely to the same carbon atom. 

An alternative formulation has been sug- 
gested for the aliphatic diazo- compounds in 
which one nitrogen is quinquevalent, so that 


The a-aminoketonos {e.g. a-aminoacetophenone 
C„H 6 CO*CH 2 , NH 2 ) give diazo- compounds (Ber. 
1904, 37, 2080), and so also do certain uric acid 
compounds, e.g. aminomethyluracil. * 

Dlazomethane or CH 2 :N|N, the 

simplest ’aliphatic diazo- compound, is prepared 
by adding methyl-alcoholic potassium hydroxide 
to an ethereal solution of nitrosometbylurethane 

C 2 H 5 'OCO-N(CH 8 )NO 

and distilling tho mixture on the water-bath, 
when the distillate consists of an ethereal solu- 
tion of the diazo- compound, the yield being 
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50 p.o. of tK© calculated quantity. This sub- 
stanoe is also produced by the action of hydroxyl- 
amine on dicnloromethylamine 

CH 8 -NC1 2 +H 2 N0H=CH 2 :N 2 +H 2 0+2HC1 

Diazomcthano is a poisonous yellow gas 
condensing in snow and calcium chloride to a 
yellow liquid boiling below 0°. It is a powerful 
methylating agent, converting hydroxyl groups 
into methoxyl, and alkylating primary and 
secondary bases.# With iodine, diazomothane 
gives nitrogen and rnethyleno iodide, and alde- 
hydes are converted into methyl ketones (cf. 
Monatsh. 1905, 20, 1295, 1311 ; Ber. 1907, 40, 
479; 1908,41,3199; 1909,42, 2559; Chem. 
Soc. Trans. 1908, 93, 242). 

Diazomothane combines additively with nil- 
saturated compounds ; with acetylene it gives 
lyrozolo (Ber. 1898, 31, 2910), and with ethyl 
umarato it furnishes ethyl pyrazolmeear- 
boxylate. 

Diazoethane 0H 3 -CH:N 2 and phenyldiazo- 

methane C # H 6 *( , H:N 2 have both been prepared 
(Ber. 1902, 35, 897). The former cloHely re- 
sembles diazomothane, the latter is a dark-red 
oil. 

Substitution increases considerably the 
colour of those diazo- derivatives i dimothyl- 
diazomethane U(CH 8 ) a :N 2 is red and diphonyl- 
diazomethane is obtained in bluish red needles 
melting at 20° (Staudinger, Ber. 1910,49, 1884). 

Diazomcthano should not be confused with 
azomethane (U1 3 'N:H.'C!H 3 , the simplest azo- 
compound which is produced by oxidising 
symmetrical dimcthylhydrazine (hydrazome- 
thane) with chromic acid (Thiele, Ber. 1909, 42, 
2575). Azomethane is a colourless gas con- 
densing to a pale yellow liquid (b.p. 1 -5°). 

Diazomethanedisulphonic acid, a note- 
worthy example of an aliphatic diazo- compound, 
results from the interaction of potassium cyanide 
and potassium bisulphite in prosonee of caustic 
potash. The solution, acidified and treated with 
nitrous acid, yields successively ammomothane- 
disulphonio acid and tho diazo- compound. 
Sulphurous acid and diazomethanedisulphonic 
acid yield an additive compound which, on 
boiling, furnishes hydrazine (V. Pcehmann, Ber. 
1895, 28, 2374 ; 1896, 29, 2161). 

Diazoacetone CH 8 *COCH:N a , a pale yellow 
liquid, is obtained from aminoacotylaeotono by 
converting this base into diazoacetylacetone 
anhydride and treating this product with 
aqueous caustic alkali (Wolff, Annalen, 1912, 
394, 23). 

Metallic diazo- derivatives of the aliphatic 

series are produced by treating nitrosoalkyl 
urethanes with concentrated caustic potash solu- 
tion or ethereal potassium ethoxide. Potassium 
methyldiazo-oxide CH 3 \N:B , 0K,H 2 0 separates 
in white crystals, when nitrosomcthylurethanc 
is adaed to concentrated aqueous caustic potash 
at 0°. Potassium benzyldiazo-oxide 
C a H 6 -CH 2 -N:N0K,H 2 0 

is similarly prepared from nitrosobenzyhircthane. 
These metallic derivatives are vory unstable ; 
they are decomposed by water with explosive 
violence, yielding respectively diazomethane 
and phenyldiazomethano (Hantzseh and Leh- 
mann, Ber. 1902, 35, 897). 

Bibliography. — Hantzseh, Die Diazo verbin- 
dungen, Ahren’s e Sammlung, 1902; Morgan, 


Our Present Knowledge of Aromatic Diazo-' 
Compounds, Brit. Assoo. Report, 1902 ; Eibner, 
Zur Geschichte der Aromatischen Diazoverbin- 
dungen, 1903 ; Cain, The Chemistry and Tech- 
nology of the Diazo- Compounds, 1920. 

G. T. M. 

DIAZOACETATE ETHYL v . Diazo- com- 
pounds. 

DIAZOAMINOMETHANE v . Diazo- com- 
pounds. 

DIAZOANTHRANILIC ACID v . Diazo- 
compounds 

DIAZOBENZENE, JJf nzenediazoninm { v . 

Diazo- compounds) 

DIAZOBENZENE SULPHONIC ACID 

Diazo- compounds. 

DIAZOIMIDES, DIAZOIMINES Diazo- 
compounds. 

DIAZOMETHANE v. Diazo- compounds. 

DIAZURINE v. Azo- colouring matters. 

DIBASIC ACIDS. Oxalic and series. A 
numerous and important group of acids, having 
the general formula C n H 2 «_ 2 () 4 . The lowest 
member of the series is oxalic and C 2 H 2 0 4 , and 
tho highest member at present known, dicetyl- 
adipic acid C 38 H 74 0 4 . As the radical C w H a n is 
capable of existing in a variety of ways, it 
follows that these acids may exist in many 
isomeric forms. Unlike the fatty acids, the 
lowest members of the oxalic acid senes are 
solids. 

The naturally occurring acids exist partly 
free and partly as salts or esters. 'I’ll us oxalic 
acid occurs chiefly as the potassium salt in 
diilerent varieties of Oxalts and Bum ex ; malomc 
and, as the calcium salt, is found m the sugar 
beet ; succinic acid in amber, certain varieties of 
I lignite, resins, turpentine oils, and animal fluids ; 

1 rocelhc acid in Jiocdla itnclona (D. (!.). Other 
| members of this series arc obtained by the oxida- 
tion of naturally occurring substances. Thus 
suberic acid is obtained by boiling cork with nitric 
acid; azelaic acid by the oxidation of castor 
oil ; adipic acid by the oxidation of suet or 
* tallow, whilst homologues of succinic, glutanc 
and adipic acids are frequently obtained in the 
oxidation of derivatives of the terpeno compounds. 
The higher members of the senes are prepared 
by the oxidation of membors of the fatty acid 
series. 

General methods of preparation. 

(1) By the oxidation of tho diprimary 
glycols, primary hydroxyaldehydes, dialde- 
nydes, primary hydroxy- acids, or aldehyde- 
acids ; e.g. glycol, glycollic acid, glyoxal, or 
glyoxylic acid oxalic acid. 

(2) By the oxidation of the fatty acids or 
of acids of the oleic acid senes ; e.g. erucic acid 
— > brassyhc acid. 

(3) By the reduction of unsaturated di- 
carboxylic acids ; e.g. fumaric acid — > succinic 
acid. 

(4) By the action of silver (powder) on mono- 
| iodo- (or bromo)- fatty acids ; e.g. /3-iodopropionic 

acid adipic acid. 

Exception . — The reaction is abnormal when 
o bromwobutyric acid is used, di- and tri- alkyl- 
glutaric acids being produced. - 
. (5) By the conversion of monohalogen, 
substituted fatty acids or of the halogen addition 
roducts of the alkylenes CnH.n into cyan- 
erivatives and saponification of the latter; 
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e.g. cyanaoetio acid -> malonic acid ; ethylene 
dicyanide adipio acid. 

(6) By the replacement of the hydrogen 
atoms of the CH S group in the malonic eeters by 
various alkyl- groups ; e.g. sodium malonic eeter 
and methyl ioaide wo-succinio ester. 

(7) By the electrolysis of concentrated 
solutions of potassium alkyl salts of the di- 
carboxylio acids ; e.g. potassium ethyl malonate 
— >diethyl succinate. 

(8) By the introduction of acid residues into 
the acetoacetic esters, and decomposition of the 
product with alkali ; e.g . acctosuccinic ester — > 
succinic acid. 

(9) By tho decomposition of tricarboxylic 
acids containing two carboxyl- groups attached 
to the same carbon atom ; e.g. ethanetri- 
carboxyhc acid — > succinic acid. 

The acids of this series behave differently 
on the application of heat, depending upon the 
position of the carboxylic groups. Oxalic acid, 
tho first member of the senes, breaks down on 
heating mostly into carbon dioxide, carbon 
monoxide, anu water, and partly into carbon 
dioxide and formic acid. This latter decom- 
position is typical of those homologues of oxalic 
acid m which the two carboxyl- groups are 
attached to tho same carbon atom ; thoy are 
tho 0- dicar boxy lie acids, and of these malonic 
acid is the type. On appbuation of heat, 
malonic acid splits into acetic acid and carbon 
dioxide. The next class, tho y-dicurboxyhc 
acids, in which the two carboxyl- groups are 
attached to adjacent carbon atoms, when 
heated, lose a molecule of water and pass into 
anhydrides. Succinic acid is tho type of these 
acids. Acids, such as glutaric acid, in which 
the carboxyl- groups arc attached to two carbon 
atoms separated by a third, behave similarly to 
the 7-dicarboxvhe acids, but form anhydrides 
less readily. When the carbon atoms to which 
the carboxyl- groups are attached are separated 
by two carbon atoms, e q. adipic acid, they do 
not influence one another on tlie application of 
heat. For these reasons, the paraffin dicar- 
boxylic acids are arranged in different groups, 
the general properties of which will be discussed 
Under Malonic acid, Succinic acid, and Glu- 
tabio acid, which are typos of the several 
groups mentioned above. 

(For melting-points of the dibasic acids, v. 
Mossol, Bull. Soc. chim. [3J 21, 578; melting- 
points of their esters , v, Schneider, Zeitsch. 
physikal. Chem. 22, 228 ; * electrical conduc- 
tivity of the acids, v. Walden, ibid. 8, 448 ; 
volatility in steam, v. Auwers, Annalen, 292, 
169.) 

DIBENZIL v. Ketones. 

DI iso BUTYLACETIC ACID v Legato ic 
acids. 

2-6-DI iso-BUTYLPIMELIC ACID 

CH 2 [CH 2 -OH(C 4 H # ) -C0 2 H] s 
P repared by heating 1 -G-di-iso-butylpentane- 
tetracarboxylic acid at 200°-220° (Perkin and 
Prentice, Chem. Soc. Trans. 1891, 842) ; m.p. 
82°-84°. 

DICENTRINE C 20 H 21 O 4 N occurs with pro- 
topine in Dicentra pusiUa (Sieb. and Zucc.) and 
possibly in D. fornma (Walp.). Prismatic cfys- 
tals, m.p. 108°-169°, [a\,-f62° in chloroform. 
Salts crystalline (Heyl. Arch. Pharm. 1903, 241 


313; Asahina, ibid. 1909, 247, 201). Pro- 
duces slight narcosis (Iwakawa, Arch. expt. 
Path. Pharm. 1911, 64, 369). Gadamer has 
stated (Arch. Pharm. 1911, 249, 680) that dicen- 
trine resembles glaucine in its properties, and 
suggests that it is glaucine in which the two 
— Okie groups in positions 6 and 6 are replaced 
by a dioxymethylene group. 

DICETYLADIPIC ACID C 88 H 74 0 4 . Pre- 
pared by heating dicetylbutanetctracarboxylio 
acid to 205° (Lean, Chem. 'Soc. Trans. 1894, 
1016). Two isomerides are thus produced, which 
may bo separated by crystallisation from 
alcohol, a-acid, m.p. 42°-43° ; j3-acid, m.p. 
32°-34°. 

DICETYLIC ACID CH(C. e H„) a COOH is 
obtained by boating dicetylmalonic acid; m.p. 
69°-70° (Guthzcit, Annalen, 206, 365) 

DICETYLMALONIC ACID 

(Oi # H, 3 ) 2 C(0<) 2 H) 2 

The ethyl ester is formed by treating diethyl- 
nmlonic ester with sodium methoxide and cetyl 
iodide ; tho ester is decomposed with a concen- 
trated solution of caustic potash ; m.p. 86°-87° 
(Guthzeit, Annalen, 206, 362). 

DICHLORAM1NET. Tolueno-p-sulphone di- 
ohloraiuine. 

NH a 

2 : 5-DICHL0R0 ANILINE Cl<^~~^>Ci 

Prepared by reducing 2 : 6-dichloronitrobcnzene 
witli iron and hydrochloric acid ; m.p. 50° ; 
b.p. 246 u /744 mm. Used in making the chlor- 
amine dyes. 

2:5- DICHLOROANILINE - 4 - SULPHONIC 

nh 2 

ACID Cl(^ ^)C1. Made by sulphonating 

so 3 h 

2 : 5-dichloroaniline. Soluble in hot water. 
Sodium salt with 6 molecules H 2 0 readily 
soluble (Noelting and Kopp, Ber. 1905, 38, 
3513). 

1 : 5-DICHLOROANTHRAQU1NONE 


CO 01 



is obtained by boiling an aqueous solution of 
alkali anthraquinonc-l : 5-disulphonate with hy- 
drochloric acid and sodium chlorate (Ullmann 
and Jinecht, Ber. 1911, 44, 3125; Farbenfab. 
vorm. F. Bayer & Co., I). R. P. 205196). Also 
by suspending 1 : 5-diaminoanthraquinone in 
hydrochloric acid, diazotising at 5-10°, and 
treating the solution with cuprouB chloride dis- 
solved in hydrochloric acid {idem. P. R. P. 
131538). Citron-yellow needles, readily soluble 
in hot toluene, sparingly soluble in alcohol ; 
m.p. 251°. Used in making indanthrene violet 
(g.v. art. Indanthrene). 

3 : 3* DICHLOROBENZIDINE 
Cl Cl 

nh 'OO ne * 

Prepared by chlorinating a sulphuric acid solu- 
tion of diacetyl benzine (made by boiling 
benzidine with glacial acetic acid) with bleaching 
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powder or sodium hypochlorite solution, filtering, 
adding hydrochloric acid, and hydrolysing the 
product (Levinstein, Enc. Pat. 25725, 1896). 
May also be obtained by reducing o-chloro- 
nitrobenzene in an alkaline solution by means 
of zinc dust ( cf . Cohn, Ber. 1900, 33, 35ol). 

D1CHL0R0C ARB AMIDE v. Hydrazines. 

DICHLOROPHTHALIC ACIDS v. Phthalic 

ACID. 

2' : 5 -DICHLORO-4 -SULPHO l-PHENYL-3- 
METHYL-5-PYRAZOLONE. Prepared by con- 
densing ethyl acetoacetate with 2 : 5-dicliloro- 
phenylhydrazine-4-sulphomc acid (1). R. 1*. 
222405). Used in making Xylene yellow ( see 
PYRAZOLONE COLOURING MATTERS). 

DICHROITE V. Iolite. 

DIC YANDI AMIDE, Cyanoguamdine 
NH,(NH:)C-NHC;N 

Obtained by the polymerisation of cyanamide 
in aqueous solution on long standing or on 
warming, especially after addition of a drop of 
ammonia ( Beilstein and Gouther, Annalen, 108, 
99 ; 123, 241 ; Haag, ibid. 122, 22) ; by treating 
thiourea with mercuric aniline (Montecchi, Gazz. 
chini. ital. 28, n. 434) Prepared by heating 
ammonium sulphate and sodium cyanamide on 
the water- bath ; cyanamide separates as a 
yellow oil, wliich, after some hours, with frequent 
shaking, changes into dioyandiamido (Hermann, 
Monatsh. 1905, 1025). (Soil and Stutzer (Ber. 
1908, 4534) make crude calcium nitride into a 
paste with water anti heat to boiling. The hot 
liquid is filtered by suction, and dicyandiamide 
separates out from the filtrate. Crystallises in 
needles; m.p. 205° (Pohl, J. pr Chom. 77, [2| 
533). By warming with dilute acids, it is trans- 
formed mto dicyandiamidme (guanyl urea) 
NH 2 (NH:)CNHC()mi 2 . It is used m quanti- 
tative analysis to separate nickel from cobalt. 
The solution containing nickel and cobalt is 
made alkaline, and to it is added a small quantity 
of sugar solution. To this is added dicyandi- 
amidine sulphate (prepared by dissolving di- 
cyandiamido in dilute sulphuric acid), whereby 
the nickel salt of dicyandiamidme is 'precipi- 
tated, the cobalt remaining in solution. The 
precipitate is filtered through a Gooch crucible, 
dried at 115°-160°, and' weighed as anhydrous 
nickel dicyandiamidino Ni(C 2 H.N 4 0) 2 (Gross- 
mann and Schiick, Analyst, 1910, 247 ; 1909, 
455; 1907, 273, 394). Dieyandianndo is re- 
duced by zinc and dilute hydrochloric acid at 
the ordinary temperatures to raethylammo and 
guanidine, the methylamine being formod by the 
reduction of the prussic acid first produced 
(Bamberger and Seebergor, Ber. 1893, 1583) ; 
a mixture of nitric and sulphuric acids converts 
it into nitrodicyanodiamidine (Thiele and 
Uhltelder, . Annalen, 303, 107) ; it condenses 
with dialkylcyanacetie or malomc osters yielding 
pyrimidine derivatives ; thus with diethvlcyan- 
acetic ester a condensation product is obtained 
which yields diethylbarbituric acid on treatment 
with sulphuric acid (Bayer & Co., D* R. P. 
165223 ; Chem. Zentr. 1906, i. 514). All manured 
containing calcium cyanamide contain also 
dicyandiamide, formed by the spontaneous 
polymerisation of the calcium cyanamide ; it is 
not poisonous to plants if not used in too large 
quantities (Perotti, Atti. ,R. Accad. Lincei, 15, i. 
48 ; Ohem. Zentr. 1909, i. 1497 ; Inouye, J. Soc. 


Chem. Ind. 1909, 1054 ; Aso, ibid.). The Cyanide. 
Gosellschaft (Chem. Zentr. 1904, ii. v 1079 ; D.R.P. 
154505) treat calcium carbide or a carbide- 
forming mixture with nitrogon, lixiviate the 
mass with water, and use the product, which 
contains calcium cyanamide, dicyandiamide, 
&c., as a manure (v. also Frank, Zeitsch. angew. 
Chem. 19, 835). The constitution of dicyandi- 
arnido is regarded as NH 2 (NH:)C-NH*C:N or the 
tautomeride (NH 2 ) 2 C:N.C:N (Bamberger, Ber. 
1883, 1459 ; 1891, 899 ; Biltz, J. pr. Chem. 77, 
[u.1533 ; Pnamchmkov, J. Soc. Chem. Ind. 1909, 
724). 

DIDYMIN v. Synthetic drugs. 

DIDYMIUM v . Praseodymium and Neo- 
dymium. 

DIETHYLACETIC ACID. Pscudo-caproic 
acid ( v . Cafkoic acid). 

DIETHYLALLOXAN v. Alloxan. 

DIETHYL AMINE v. under Ethylamines, art. 
Etiiyl. 

p-DIETHYLAMINOBENZOIC ACID 

00 I H<([^>N(C! 1 H,), 

Prepared by the action of carbonyl chloride on 
diethylamlmo or by ethylating p-aminobenzoic 
acul; m.p. 188°. 

DIETHYL™ AMINOPHENOL 

‘ OH 

Formod by heating m-anunophenol hydrochloride 
with ethyl alcohol under pressuic (Bad. Ami. 
und Soda Fabnk, 1). R. P. 44002) ; by heating 
resorcinol with diethylaminc (Lconhardt & Co., 
D. R. P. 49060) ; by alkali fusion of dicthyl- 
anilinc-w-sulphomc acid (Soc. Chem. Ind, Basle, 
L). R. P. 44792). For details of the last-named 

I irocess as used on the large scale, see Cain, 
ntcrmediate Products for Dyes; m.p. 78°; 
b.p. 201°/25 111 m. Used in the manufacture of 
rhodamine B. 

DIETHYLANILINE <^>N(C 2 H 6 ) 2 . Ob- 
tained by heating aniline liydrochlonde with 
ethyl alcohol under pressure ; or, better, by 
heating andine hydrobronudoi with ethyl alcohol 
at 145°-150° (Stadel, D. R. P. 21241), or by 
treating aniline with ethyl alcohol in presence of 
iodine at 235° (Knoll & Co., D. R. P. 250236) ; 
m.p. -38-1° ; b.p. 216-5° ; sp.gr. 0 930 at 18°. 
DIETHYLANILINE-m-SULPHONIC ACID 
SO a H 



Is prepared by acting on diethylaniline with 
fuming sulphuric acid. 

DIETHYLDIACETO SUCCINATE v . Ketones. 

DIETHYL OXALACETATE v . Ketones. 

DIETHYLSAFRANIN v . Azines. 

DIETZEITE. A double iodate and chromate 
of calcium crystallising in the monoclinio sys- 
tem, discovered in 1891 in the sodium nitrate 
deposits of Atacama, Chile. Analyses lead to 
the formula 7Ca(I0 g ) s , 8CaCr0 4 , but the simple 
double salt formula Ca(I0,) 2 -CaCr0 4 appears 
more probable. Distinct crystals are rare, the 
mineral usually, forming crystalline fibrous 
aggregates of a dark gold-yellow colour. 6p.gr. 
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3*698. It is soluble in hot water; on cooling 
crystals of hydrated calcium iodate (Ca(JO,) 8 + 
6HjO) separate, leaving the calcium chromate in 
solution. The simple calcium iodate (Ca(I0 3 ) 2 ) 
called lautarite occurs in the same deposits. 

L. J. S. 

DIFFUSION. In any gaseous mixture or 
liquid solution, even when protected from 
mechanical disturbances and kept at a uniform 
temperature throughout, the composition ulti- 
mately becomes the same at all points, whatever 
the original distribution of the gaseous or dis- 
solved substances may have been. The process 
by which this condition is reached is termed 
‘ diffusion,’ and it depends, not on the circulation 
of the unequally distributed substances as a 
whole, but on molecular movement. According 
to the kinetic theory, a mass of gas which, as a- 
whole, is at rest, is yet the scene of great activity 
on the part of the constituent molecules. These 
are endowed with a high velocity, and alter the 
direction of their motion only when they collide 
with one another or with the walls of the con- 
taining vessel. If this point of view is adopted, 
then the occurrence of diffusion in a mixture of 
irregularly distributed gases becomes intelligible. 
There are, moreover, many experimental grounds 
for extending the kinetic theoiy to the liquid 
stato, and for the view that the molecules of a 
liquid also are in a state of constant motion. 
With this conception the phenomenon of 
diffusion of a dissolved substance is obviously in 
harmony. 

Diffusion of Gases. 

When two vessels containing different gases 
at the same temperature and pressure are put 
• into free communication, each gas penetrates 
the other until its partial pressure is uniform in 
both vessels. The experimental investigation 
of this phenomenon on quantitative lines is not 
easy, but it appears to be well established that 
the diffusion coefficient of each gas vanes from 

E oint to point of the diffusion system (.fee 
oschmidt, Sit/ungsber. Akad. Wish. Wien, 
1870, <31, 307 ; 1870, (32, 408 ; von Obermayer, 
tbid. 1880, 81, 1102; 1882, 85, U7, 748; 1883, 
8T, 188 ; 1887, 90, 540 ; Wait/., Ann. Physik, 
1882, 17, 201, 351 ; .Lomus, ibid , 1909, 29, 004). 

When the concentration of a gas is main- 
tained constant at one point of a gas system and 
zero at another point, a static condition of affairs 
is established analogous to what is observed 
when one end of a metal bar is kept at a high 
temperature and the other end at a low tem- 
perature. If, for instance, a tall cylinder, 
communicating freely with the atmosphere, 
contains at the bottom a layer of caustic alkali, 
there is a regular concentration gradient from 
the top downwards, tlfe carbon dioxide being 
completely absorbed at the surface of the alkali. 
Provided the concentration difference between 
the top and bottom of the cylinder is maintained 
constant, a steady condition of diffusion is 
attained, and the rate of flow of the carbon 
dioxide, as deduced from the amount absorbed 
by the alkali, is inversely proportional to the 
length of the diffusion column (see Brown and 
Escombe, Phil. Trans. B, 1900, 193, 223 ; also 
Winkelmann, Ann. Physik, 1884, 22, 1, 152). 

Much attention has been devoted to the 
phenomenon of diffusion across porous dia- 


phragms, through capillary tubes, and from 
narrow apertures." Graham showed (see Chemi- 
oal and Physical Researches, p. 44) that the 
exchange of two gases across a porous dia- 
phragm, the pressure on the two sidos remaining 
the same, takes place in such a way that the 
volumes of the gases diffused in a given time are 
inversely proportional to the square roots of 
their densities. This observation is of very 
groat interest in connection with the kinetic 
theory, from tho assumptions of which it follows 
that the mean velocity of the molecules of a gas 
is inversely proportional to the square root of its 
density. Graham’s law is not accurate except 
when the diaphragm is extremely thin, but it is 
nevertheless the basis of a method for separating 
two gases of different densities. Thus, for 
instance, when a mixture of hydrogen and 
oxygen in the proportion of 2 : 1 by volume is 
passod at a suitable rate through a train of clay- 
pipe stems, tho gas collected at the further end 
will igiuto a glowing splint. By experiments of 
tins kind it was shown that atmospheric nitrogeti 
is a mixture of at least two gases of different 
density (.vee Rayleigh and Ramsay, Phil. Trans. 
1895, 180, 20<3). The operation of eoparating 
gases by this method is termed * atmolysiB,’ 

In the passage of a gas through a capillary 
tube — * transpiration,’ as it is sometimes called — 
friction generally plays a considerable part, but 
it has boen found that if tho diameter of tho tube 
is small in comparison with its length and with 
the mean free path of tho gas molecules, then the 
quantity of gas passing through a given tube in 
unit time is inversely proportional to the Bquare 
root of the density (Knudsen, Aim. Physik, 
1909, 28, 75). 

The time required for th^escape or ‘ offusion ’ 
of a given volume of gas through a fine aperture 
in a thin plate into a vacuum is approximately 
proportional to tho square root of the density of 
the gas. The thinner the plate and the smaller 
the aperture, the more nearly is this relationship 
fulfilled (.see Graham, Chemical and Physical 
Researches, p. 88 ; Bunsen, Gasometry, p. 121 ; 
Timofeeff, Zeitsoh. physikal. Chem. 1890, 0, 
586; Bonnan, rhil. Mag. 1900, 49, 423; 
Ernie h, Monatsh. 1903, 24, 747 ; Knudsen, Ann. 
Physik, 1909, 28, 999). An apparatus for 
determining the relative density of two gases, 
based on this principle, has been described by 
Bunsen (lx.) (v. Specific gkavity). 

The passage of a gas across a diaphragm 
takes place, not only when the diaphragm is 
porous fh the ordinary sense, but also when it 
has the power of dissolving or absorbing the gas. 
Thus, at high temperatures, platinum and 
palladium absorb considerable quantities of 
hydrogen, and this gas readily diffuses through 
the walls of a vessel made of either metal. 
Winkelmann (Ann. Phvsik, 1901, 6, 104 ; 1902, 
8, 388 1905, 16, 773'; 17, 689; Richardson, 
Nicol & Parnell, Phil. Mag., 1901, 8, 1; 
Schmidt, Ann. Physik, 1904, 13, 747) has 
B^pwn tffat the rate of diffusion of hydrqgen 
through glowing platinum or palladium is 
not, as might be expected, proportional to the 
pressure of the hydrogen ; at lower pressures 
the gas diffuses relatively more rapidly. 
The experimental data seem to indicate 
that it is the atoms, rfbt the molecules, of 
hydrogen which can pass through the metal. 
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On the ability of hydrogen and the inability of 
other gases to diffuse through heated palladium, 
there is based the osmotio cell described by 
Ramsay (Phil. Mag. 1894, 38, 206). 

The rate of diffusion of*gasee across a layer 
of water or aqueous solution dopends mainly on 
the solubility and the density of tho gas. Accord- 
ing to Exner, who made experiments on the 
diffusion of gases across a film of soap solution, 
the velocity is, cceteris paribus, directly pro- 
portional to tho absorption coefficient of tho 
gas, and inversely proportional to the square 
root of its density (Exner, Sitzungsber. Akad. 
Wiss. Wien, 1874, 70, n. 465 ; cf. Muller, Ann. 
Physik, 1891, 43, 554). Other workers, who 
have studied tho diffusion of gases through a 
jelly, through a layer of water supported by a 
plate of hydrophano, or through a rubber 
membrane, find that Exnor’s law is only an 
approximate statement of the facts ( see Wro- 
blewsky, Pogg. Ann. 1876, 158, 545 ; Ann. 
Physik, 1879, 8, 29 ; Hiifner, Zeitsch. physikal. 
©hem. 1898, 27, 227 ; Hagenbach, Ann. Physik, 
1898, 65, 673). Except for oxygen, the diffusion 
soeffieients of gases are smaller m gelatine 
solution than in pure water. * 

Diffusion of Dissolved Substances. 

The foundation of our knowledge of this 
subject was laid by the classical experiments of 
Thomas Graham (see Chemical and Physical 
Researches, pp. 444-600). In hiB experiments, 
700 cub. cm. of water were placed in a cylindrical 
jar, and then 100 cub. cm. of the solution to bo 
diffused were carefully conveyed to the bottom 
of the jar by a pipette. After a suitable time, 
portions of 50 cub. cm. were successively drawn 
off ; these portion^ were evaporated, and the 
amount of substance that had diffused into each 
layer was thus ascertained. Graham's compa- 
rative experiments on the diffusive power of 
different substances in aqueous solution led 
him to draw a distinction, which has become of 
the highest importance, between the behaviour 
of easily crystallisablo substances, and that of 
substances which are marked by the absence of 
the power to crystallise. So far as diffusibility 
is conoemed, the distinction in question is based 
on the following figures, representing approxi- 
mate times of equal diffusion : hydrocliloric 
aoid, 1 ; sodium chloride, 2 3 ; sucrose, 7 ; 
magnesium sulphate, 7 ; albumin, 49 ; caramel, 
98. The difference in diffusive power of crystal 
loids and colloids is very evident from these 
figures. ‘ 

The significance of the quantitative results 
obtained by Graham was emphasised by Stefan 
(Sitzungsber. Akad. Wish. Wien, 1878, 78, ii. 
957 ; 1879, 79, -ii. 161), who showed that they I 
were in harmony with Pick's diffusion law ; that 
is, tho diffusion of substances in aqueous solution 
is comparable with the distribution of heat in 
conductors. Fick’s law is expressed algebrai- 
cally "by the formula dS=~kq^dt, where (IS is 

the amount of substance crossing a section of 
the diffusion column in timo dt, tho sectional 
area of this column being q sq. cm., and dcjdi 
being the concentration gradient ; k is known 
as the ‘ diffusion coefficient.’ 

The diffusion of di&olved substances, notably 
electrolytes, hast been t|ie subject of repeated 


investigation, but the method employed has not 
differed materially from that of Graham, 
described above (see Scheffer, Zeitsch. physikal. 
Chem. 1888, 2, 390 ; Arrhenius, ibid. 1892, 10, 
51; Abegg, ibid. 1893, 11, 248; Euler, Ann. 
Physik, 1897, 63, 273 ; Abegg and Bose, 
Zeitsch. physikal. Chem. 1899, 1, 17 ; Thovert, 
Compt. rend. 1902, 134, 826 ; Graham, Proo. Roy. 
Soc. 1903, 72, 212 ; Oholm, Zeitsch. physikal. 
Chem. 1904, 60, 309). Tho general result of these 
investigations has been to substantiate the 
validity of Fick’s law, although tho opposite 
opinion also has been expressed (see Wiedeburg, 
Zeitsch. physikal. Chem. 1892, 10, 509). 

Special interest has attached to the diffusion 
of electrolytes since the enunciation of Ar- 
rhenius’s dissociation theory, according to which 
tho ions of an electrolyte m aqueous solution 
are to be regarded m many respects as separate 
units. The researches of Kohlrauseh have 
proved that, the contribution winch the one ion 
of an electrolyte makes to the equivalent con- 
ductivity is independent of tho other ion asso- 
ciated with it, and Nernst has shown that the 
mobility which is thus c haracteristic of each ion 
must be a determining factor in the diffusive 
power of any olectrolyte of which the ion forms 
a part (Zeitsch physikal. Chem. 1888, 2, 613). 
He has furthor deduced a theoretical relation* 
slup between the diffusion coefficient of a binary 
electrolyte and tho conductivities of tho two 
ions, and the values of the diffusion coefficient 
calculated on this basis are m good agreement 
with the results of experimental work. 

By allowing substances to diffuso into a jelly 
the effects of convection curronts and mechanical 
disturbances are eliminated and tbe difficulties 
attending tho experimental study of liquid 
diffusion aro diminished. The rate of diffusion 
is, at. most., very slightly lower in a jelly than m 
water at the same temperature. Experiments, 
in which the ends of cylinders of agar-agar jelly 
were immersed in aqueous solutions of various 
substances, have shown that the totabamount of 
substance diffusing into the jelly is proportional 
to tho squaro root of tho time during whic^ 
diffusion has taken place. This is a result in 
harmony with Fick’s law (see Voigtl&nder, 
Zeitsch. physikal. (’hem. *1889, 3, 316; cf. 
Chabry, Joum. de Physique, 1888, 7, 115; 
Morse and Pierce, Zeitsch. physikal. Chem. 1903, 
45, 689 ; Hausmann, Zeitsch. anorg. Chem. 
1904,40,110). 

Exporimonts have been made also on the 
diffusion of various electrolytes and non- 
oloctrolyt.es in alcohol (Kawalki, Ann. Physik, 
1894, 52, 166, 300 ; 1896, 59, 637), of various 
metals in mercury, fused lead, &c. (Meyer, 
ibid. 1897, 61, 225 ; 1898, 64, 752 ; Humphreys, 
Chem. Soc. Trans. 1896, *69, 243, 1679 ; RobertB- 
Austen, Phil. Trans. 1896, 187, 383; von 
Wogau, Ann. Physik, 1907, 23, 345), and of 
chlorine, bromine, and iodine in some organic 
solvents (Euler, Ann. Physik, 1897, 63, 273 ; 
Walden, Zeitsch. Elektrochem. 1906, 12, 77). 
In the last-mentioned connection, Walden has 
shown that, when a given halogen is considered, 
the product 4 diffusion coefficient X viscosity of 
solvent ’ is a constant, independent of the 
nature of the solvent. The value of the product 
for the diffeient halogens is inversely pro- 
portional to the square root of the molecular 
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weight (c/. Pissarjewaky and Karp, Zeitech. 
physikal. Chemr 1008, 63, 257). 

The different rates of diffusion found by 
Graham for different substances suggested to 
him that the process of diffusion might bo 
useful in separating the constituents of an 
aqueous solution. In this connection, he found 
that the difference in diffusive power between 
crystalloids and colloids, referred to above, was 
greatly accentuated by the interposition of a 
colloid membrane between solution and solvent, 
and the method of separation by diffusion 
through a septum of gelatinous matter lie termed 
‘ dialysis.’ A sheet of parchment paper, for 
instance, is tied tightly over the end of a cylin- 
drical or bell-shaped glass vessel, provided with 
a flange, and into the receptacle so formed, a 
‘ dialyser,’ as it is called, the mixed solution of 
crystalloids and colloids is poured. The outside 
of the parchment membrane is bathed with 
water, which is frequently renewed, and the 
result is that the contents of the dialyser, after 
a few days, are found to be practically free from 
crystalloids. Instead of the apparatus just, 
described, a sausage-skin dialyser may be em- 
ployed : the parchment tube is charged with 
the solution of crystalloid and colloid, and is 
hung up by its ends m a vessel of water. 

Collodion may bo used as a membrane 
instead of parchment, and it is obtainable in 
any desired form by the evaporation of the 
ordinary collodion solution (.see Lillie, Amer. J. 
Physiol. 1007, 20, 127 ; Schryver, Proc. Physiol. 
Soc. 1908, 23). 

Dialysis plays a considerable part in the 
technical production of beet sugar. In the 
diffusion process for the extraction of the sugar, 
beet cuttings aio treated with hot water. Such 
treatment kills the protoplasm, and the cell 
membrane, which m the living state is im- 
permeable to sugar, now allows this substance 
to pass out into the water. The high tempera- 
ture also favours rapid diffusion. The albu- 
minous substances in the beet juice, however, 
cannot readily penetrate even the dead proto- 
plasm, which acts as a differential membrane, 
and thus leads to a dialytic separation of the 
Bugar from Borne of the non-sugar constituents 
of the cell sap. hi the treatment also of beet 
sugar molasses dialysis with parchment mem- 
branes is employed. Tho result of this pro- 
cedure is to reduce the salt content of the 
molasses, and so make possible the crystallisation 
of a further portion of the sugar (v. Sugar). 

Diffusion of Solids. 

The efficiency of certain cementation pro- 
cesses indicates that one solid can slowly pene- 
trate another. The occurrence of diffusion in 
solids has been proved and investigated by 
Roberts-Austen (Phil. Trans. 1896, 187, 383), 
who finds that at temperatures between 100° 
and 200° there is an appreciable diffusion of gold 
into solid lead in 30 or 40 days, although the 
penetration is much slower than into the fluid 
metal. Experiments lasting over four years 
have Bhown that gold diffuses into solid lead, 
even at the ordinary temperature (Roberts- 
Austen, Proc. Roy. Soc. 1900, 67, 101). 

J. C. P. 

DIFORMIN v. Formins. * 

DIGALENv. Digitalis and Synthetic drugs. 


DIGALLIC ACID ( Oallolannic acid , tannin) 
v. Tannic acids. 

DIGESTER v. Autoclave. 

DIGIFOLIN, DIGIPAN, DIGITALEIN, DI- 
GITALIN, DIGITALOSE, DIGIT ALYSATUM, 
DIGITOFLAVONE, DIGITONIN, DIGITOPHYL- 
LIN, DIGITOXOSE v. Digitalis. 

DIGIPOTENE. A preparation of digitalis 
leaves. 

DIGIPURATUM r. Digitalis. 

DIGITALINUM VERUM v. Digitalis. 

DIGITALIS. Foxglove. Digitalis folia, B.P. 
Digitalis, U.S.P. ( Digitalc , Fr. ; Fmgerhut, 
Ger.) The foxglove. Digitalis pur puna (Linn.), 
had been for some centuries a popular remedy 
for dropsy, when it was introduced into scientific 
medicine by Withering, about 1775. It is 
principally used for its action on the heart ; 
it slows the beats, and makes them more power- 
ful and regular, so that the output is increased. 
Only the leaves are official ; the seeds have a 
similar action, due, however, to different 
principles, • 

Foxglove is a biennial plant, and the Brussels 
conference agreed that only the second year’s 
j leaf should be usflll ; but, except for the greater 
| difficulty of identification, there is no objection 
to using the first year’s rosettes, which are as 
good as tho flowering plant (Straub, Arch. 
Pharm. 1917, 255, 198). Cultivated plants up 
to the beginning ol tho flowering period, are 
fairly constant m activity : variations appear 
when tho seeds ripen. It would probably bo 
tho more economical to cultivate only first-year 
plants. Mature wild plants differ greatly in 
various localities (Ntrhub). The time for 
gathering these is July and August, the British 
Pharmacopoeia prescribes leaves from plants 
beginning to flower. For further detail, see 
Nati voile (J. Pharm. Chun. (iv.l 20, 81), and for 
culture, harvesting, and conservation, Newcomb 
(Amei. J. Pharm. 1912, 84, 201). For D. 
Thapsil, which has a similar action to D. 
'jrurpvi ea, but is three time's us strong, see 
Harwell and Hamilton, Amer. J. Pharm. 1917, 
89, 147. 

Tho active principles of digitalis (as of 
other plants with a like action, such as slrophan- 
thus and sguiU) are complex glueosides, often 
amorphous, and this explains the great diffi- 
culties and numerous contradictions with which 
the chemistry of digitalis is beset. The con- 
fusion is increased by the UHe of the same name 
j (digitaline) for different substances, and by 
j the application of different names to the same 
I substance. According to our present knowledge, 

I cold water extracts from the leaves a mixture 
I of glueosides, but hardly dissolves digitoxin, 

! which may be subsequently extracted by 
ale oh q). From the aqueous extract chloroform 
removes the ‘ gitalin ’ fraction, and leaves 
behind one or more piucosides, designated as 
the ‘ digitalein ’ fraction, which is lees active 
than either gitalin or digitoxin, and has not 
bpen obtained even approximately pure. His- 
| toricolly, the first moderatelv pure, but amor 

S bous, active preparation was ‘ digitaline ’ of 
fomolle (J. Pharm. Chim. 1845, [iii.J 7, 57), 
(undoubtedly a mixture. Nativelle (J. Pharm. 
Chim [i\.l I860, 9, 225; 1872,16,430: 1874, 
j 20, 81) later prepared a* digitaline cri&ialliste,,' a 
I commercial specimen of which Bchmiedeberg 
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(Arch. exp. Path. Pharm. 1874, 3, 16) deolared 
to consist very largely of a substance to which 
he gave the name digitoxin , and as this substance 
was afterwards principally investigated in 
Germany, under this name, Nati voile's designa- 
tion has been displaced, in spite of French pro- 
tests ( e.g . Arnaud, Ooinpt. rend. 1889, 109, 
679) Kiliani, who has published something 
like forty papers on the chemistry of digitalis 
(Her. 1890, 23, 1555 to 1918, 51, 1613; and 
Arch. Pharm. 1892, 230, 250 to 1916, 254, 255), 
at one time did not agree with the identification 
of Nati voile’s digiLulme with Schmiedeberg’s 
(ligi toxin, and considered the former substance 
identical with a crystalline loaf glucoside 
described by himself as digitopkylhn (Arch. 
Pharm. 1897, 235, 425). Later, Kiliani (Her. 
1898, 31, 2454) considered digitalme cnstallisbe 
and digitoxin very closely similar, but doubt- 
fully identical. An attempt to restore the 
historically correct name for this glucoside would 
lead to still greater confusion, especially as 
German writers mean by digitalin a totally 
different glucoside from the soeds. 

The ‘ gitalin ’ fraction is, on account of its 
solubility in water and its physiological action, 
probably of most importance therapeutically ; 
it was little studied until Kraft (Schweiz. 
Wochenschr. Ohorn. Pharm. 1911, 49, 161, 173, 
236; Arch. Pharm. 1912, 250, 118) described 
the isolation of a crystalline glucoside gitalin. 
Kiliani (Arch. Pharm. 1914, 252, 13) has declared 
Kraft’s preparation to bo a mixture, but m any 
case it contains ono or more crystalline sub- 
stances of great activity, having the advantage 
over digitoxin of solubility in water, at least m 
the crude state. Indeed, the gitalin fraction 
seems to have been utilised some years before 
Kraft by Cloetta (Muench. modi/.. Wochenschr. 
1904, 51, 1466), whose ‘ digitoxinum solubile ’ 
is not digitoxin in a water soluble form (Kiliani, 
Her. 1907, 40, 2996), but consists largely of 
gitalin (Gottlieb, c.g. Arch. exp. Path. Pharm. 
1918,83,117). 

For the preparation of their substances, both 
Homolle and Nativelle extracted the powdered 
leaves with 50 p.c. alcohol, and purified the 
extract with lead acetate. After removal of 
the excess of lead, Homolle evaporated to a 
syrup and precipitated in the cold with tannic 
acid. The tannic acid precipitate was washed 
with tepid water, mixed with an equal weight 
of lead oxide, dried, and extracted with 90 p.c. 
alcohol. After treatment with charcoal and 
evaporation, the residue was extracted with 
ether to remove impurities. Tannin, apparently 
introduced by Homolle, was later applied to 
the separation of i-strophanthm {q.v.), and 
Beems to be still in use for such commercial 
preparations as digipuratum (see below) ; ? but it 
is, of course, only a general colloidal precipitant, 
and cannot be expected to act specifically. 
Nativelle moistened the powdered leaves with 
absolution of neutral lead acetate, then extracted 
with 50 p.c. alcohol, and purified the extract 
repeatedly with charcoal and lead acetate. He 
finally extracted with chloroform, and thus 
separated off the ‘ digitaleln ’ fraction, which 
enabled* him to obtain a crystalline substance. 
Schmiedeberg (l.c.) introduced the preliminary 
extraction of the leaves with cold water, thus 
removing the gitalin and digitaleln fractions, 


and then, after pressing the leaves, he extracted 
with 50 p.c. alcohol. After pftcipitation with 
basic lead acetate, and removal of the excess 
with ammonia, the alcohol was evaporated, 
while the solution was kept neutral. A partly 
crystalline substance separated, which was dried 
on the water- bath and extracted with chloro- 
form. The residue, after evaporation of the 
cliloroform, was washed with ether (which 
removes fat, luteolm, &c.), or with boiling 
petroleum ether, and then crystallised the 
digitoxin from 80 p.c. alcohol with charcoal. 
Kiiiam’s method of preparing digitoxin (Arch. 
Pharm. 1895, 233, 311) is similar. 

Digitaline cristallisee, Digitoxin C 34 H 64 O n 
(Kiliani) for ms hydrated needles and leaflets 
from aqueous alcohol, which become anhydrous 
and suiter at 145°- 150°, and anhydrous prismB 
from methyl alcohol and chloroform, melting 
at 245° (243°-245° Arnaud). Kraft (Arch. 
Pharm. 1912, 250, 418) could not obtain the 
hydrated form, and concludes Kiliani ’s supposed 
hydrate was contaminated with gitalm. 

The yield of digitoxin is said to be 0 1 p.c. 
of the leaves, but Straub (l.c. ) has concluded 
from physiological evidence that the amount 
present is very variable, and may considerably 
exceed 0*1 p.c Merck’s commercial preparation 
is stated by Kiliani to be about 90 p.c. pure. 
0 65 gram digitaline (digitoxin) dissolves at 14° 
in 100 c.c. absolute alcohol (Arnaud). Digitoxin 
dissolves readily m chloroform, only slightly in 
other, not in water. It gives a characteristic 
colour reaction ; glacial acetic acid and con- 
centrated sulphuric acid are employed, 100 c.c. 
of each being previously diluted with 1 c.c. of 
5 p.c. aqueous ferric sulphate solution. A 
trace of digitoxin is dissolved m 1 c.c. of the 
acetic acid, and 2 c c. of the sulphuric acid are 
allowed to flow underneath, m a narrow test 
tube. The zone of contact becomes dirty 
brown, and after a few minutes the acetic acid 
begins to become mdigo blue. This, Keller’s 
reaction, is still positive with 01 mg. in 1 c.c. of 
acetic acid. Concentrated hydrochloric acid 
dissolves digitoxin in the cold to a colourless 
solution, becoming bluish-green on warming. 
Alcoholic sodium hydroxide hydrolyses to 
digitoxinic acid C 34 H 66 0 12 , rtiincral acids hydro- 
lyse to two molecules of ihgitoxose 

OH a CHOH CHOH-CHOH CH 2 GH -0 

m.p. 101°, and ono of diyitoxigenin C 2a H 3a 0 4 , 
m.p. 230° (v. c.g. Kiliani, Arch. Pharm. 1913, 
251, 562). Digitoxose is a peculiar sugar, and 
gives Keller’s reaction, digitoxigenin does not. 

Gitalin C S8 H 48 O 10 (?), m.p. 150°-156°, is 
amorphous, and was obtained by Kraft by a 
method analogous to that of Homolle (v. supra), 
and extracting the glucoside from aqueous 
solution by shaking with cliloroform ; after 
drying, the chloroform solution is precipitated 
by light petroleum. Gitalm is soluble in 600 
parts of water, and very readily in chloroform. 
By dissolving in 1 '5 parts of alcohol and adding 
0-75 part of water, a crystalline gitalin hydrate 
C 28 H 48 O 10 ,4H a O, m.p. 75°, is separated. Solu- 
tions of gitalin deposit on keeping mixture* of 
gitalin and anhydrogitalm C a8 H 4e 0 8 , m.p. 256°, 
crystallising from dilute alcohol and almost 
insoluble in chloroform. On hydrolysis by 
acids, gitalin, its hydrate, and its anhydride all 



DIGITALIS. m 


yield digitoxose (see, above), and hence they all 
give Keller’s reaction; the other fission pro- 
duct is anhydrogitaligenin C ?2 H a4 0 5 , m.p. 
2 16°-219°, crystallising from alcohol. As already 
stated, Kiliani considers gitalin to be a mixture, 
o! anhydrogitalin with other substances, but 
this does not dispose of Kraft’s contribution to 
the subjeot. 

Digltaleln (Schmiedeberg) differs from gitalin 
and digitoxin in not producing the typical 
systolic arrest of the heart. 

Commercial Preparations of Digitalis.— A 

considerable number of these have “been intro- 
duced of late years, mostly in Germany. Digalen 
(Hoffmann-Laroche & Co.), introduced in 1904, 
has been one of tho most successful. It is 
Cloetta’s ‘digitoxinum solubilc’=- impure gitalin? 
(see above). Digifolin and digipan are similar 
impure active principles. Bigipuratum (D. R. P 
227552, 245193, 240571 , of Knoll & Co.) is a 
purified leaf extract freed from digitonin, and 
apparently consists of the tannin compounds of 
the gitalin fraction. From adigan the digitonin 
has beon removed by cholesterol (we below).. 
Digitalysatum, from fresh press-juice, and other 
preparations, are purified by dialysis. Digita- 
lone (Parke, Davis & Co.) is a sterile extract of 
older type. For a physiological examination of 
*these preparations, sec Rapp, Pharm. Zentral-H 
1914, 55, 961, 978. . 

Methods of Assay. — There is a great variation 
in the content of active loaf glucosides. Thus 
Straub ( l.c .) found, in percentages of the air-dry 
leaf • — 

Gitalin -f diaritalcin, cultivated, 0-4-0-64, 
wild, 0-22-0 ‘89 ; digitoxin, cultivated, 
0-053-0-11, wild, 0-01-0-15. ‘ 

This variability has led to the introduction 
of standardised leaves (‘ folia digitalis titrata ’) 
and to methods of assay of pharmaceutical pre- 
parations (official in the U.S.P. for digitalis, 
strophanthus, and squill). A chemical assay 
(of digitoxin ?) has been described by Keller 
(Ber. Deut. pharm. Ges. 1897, 7, 125), but 
Ziegenbein (Arch. Pharm. 1902, 240, 454) has 
Bhown that thore is no rolation between physio- 
logical activity and tho ‘ digitoxin ’ found by 
Keller’s method. Barger and Shaw (Pharm. .T. 
1904, fiv.l 19,^249) have confirmed this, and 
shown that of added crystalline digitoxin less 
than half is recoverable by Keller s method. 
The chloroform extraot, weighed in this method, 
oonsists, according to Kra^FJ^.c.), largely of 
gitalin. The assay must therefore be physio- 
logical, and is generally based on Houghton’s 
method (J. Amer. med. Assoc. 1898), by which 
the minimum amount is determined necessary 
to arrest the frog’s heart in systole, in, say, 1 
hour (for length of tyno, cf. Gottlieb, below). 
The isolated frog’s heart may also be employed, 
with graphic registration of its action (Schmiede- 
berg, Arch. exp. Path. Pharm. 1910, 62, 307). 
For earlier investigations, see Edmunds and 
Hale (Bull. No. 48, Hygienic Lab. Washington, 
1909) and Fooke (Arch. Pharm. 1910, 248, 366 ) ; 
for the later ones, Holste (Zeit. exp. Path. Ther. 
1917, 19, 153), Fooke (ibid. 1914, 16, 443), 
Straub (Arch. exp. Path. Pharm. 1916, 80, 62), 
and Gottlieb (ibid. 1918, 83, 117). The suscepti- 
bffity of frogs is greater in winter than in summer, 
and It has been suggested that they should 
themselves be standardised with a pure sub- 


stance, such as digitoxin (Rapp, l.c.), or f- 
strophanthin (ouabain) (q.v.), suggested by 
Heinz, and adopted by the U.S.P. This pre- 
supposes a constant ratio of sensitiveness to 
dissimilar preparations, which has not been 
proved. Indeed. Gottlieb (l.c.) states that the 
sensitiveness of frogs to gr-Btropanthin is fairly 
constant throughout the year. 

Digitalis seeds contain entirely different 
glucosides, which have been examined chiefly 
by Kiliani. From an alcoholic extract, purified 
with lead acetate, tho mixed glucosides' are 
precipitated with tannic acid (cf. Homolle’s 
method). This gives the commercial Bo-called 
digilalinum germavicnm , which may be separated, 
according to Kiliani (Bor. 1918,51, 1613), into 
‘ digitalinum veium,' or digitalin, digitonin, 
gitonin, and a fourth glucoside. 

Dlgitalin C h H 5 „0 14 , m.p. 210°-217°, is less 
active than digitoxin, and forms amorphous 
granules, soluble in 1000 parts of water. It dis- 
solves in sulphurio acid with a yellow colour, 
which, on standing, or in tho presence of ferric 
salts or other oxidising agents, becomes cherry -red 
and purple. It jp hydrolysed by acids to eaui- 
molecular proportions of glucose, digitalose 
C 7 H J4 0„, and digitaligenin C 22 H 30 O 3 , needles, 
m.p 210° -212°. Digitalose is a syrup, and is 
oxidised by nitric acid to melhoxydihydroxy- 
glutaric acid (Kiliani, Ber. 1905, 38, 3622; 
1916, 49, 709). 

Digitonin C 54 H 92 0 28 or C. s H 91 0, 8 , m.p. 
225°- 235°, [a] n =- 49-25°, is obtained in the 
crude state in a yield of about 45 p.c. of the 
‘ German digitalin ’ employed. It iR important 
as an example of a crystalline saponin, and 
probably eIro occurs in the leaves. It haB no 
stimulant action on the heart, and is thera- 
peutically undesirable. Digitonin dissolves to 
a clear solution in 50 pares of cold 50 p.c. 
alcohol, is more soluble on heating, and crystal- 
lises on cooling in fine, needles. It is hardly 
soluble in chloroform, and forms an opalescent 
solution in water, which froths. Keller’s 
reaction is negative. Acids hydrolyse to two 
molecules of glucose, two of galactose, and one 
of digiloqrnin C 30 H 48 O 6 or 0 31 H 50 O e , needles, 
m.p. 240°. Like other saponins, digitonin 
combines with cholesterol. On mixing a 
(preferably hot) solution of 1 gram digitonin in 
100 c.e. of 90 p.c. alcohol with 0.4 gram chole- 
sterol in 60 c.c. of 95 p.c. alcohol, the addition 
compound C BB H 94 0 28 -C 27 H 4e 0 crystallises (Win- 
daus, per. 1909, 42, 238). Similar compounds 
with lower alcohols and phenol had already been 
observed by Houdas (Compt. rend. 113, 648). 
This reaction has met with wide application. 
On the one hand, digitonin can be removed from 
digitalis preparations (adigan, above), on the 
other hand, sterols can be estimated in fats, for 
as little as 0-1 mg. of cholesterol in 1 c.c. of 90 
p.c. alcohol may be detected (Windaus). (Cf. 
Panzer, Zeitsch. physiol. Chem. 1912, 78, 414 ; 
Marcussfm and Sohilling, Chem. Zeit. 1913, H7, 
k001 ; Berg and Angershausen, ibid. 1914, 38, 
978 ; Preacher, Zeitsch. Nahr. Genussm. 1914, 
33, 7.) 

Gitonin. — Commercial digitonin (Merck) 
contain 5-14 p.c. of a closely similar glucoside 
gitonin C 49 H. 0 O 23 ,7H.,O* m.p. 225° (Kraft, l.c. ; 
Windaus and Schneckenburcer, Ber. 1913, 46, 
2628), which may be crystallised (Kiliani, ibid. 
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1910, 49, 701), and also forme cholesterol 
addition compounds. 

Straub (Biochem. Zeiteoh. 1917, 82, 48) finds 
that on germination the first pair of foliage leaves 
already contains the typioal leaf glucosides, and 
in 4 months the maximum of 1 p.c. of total 
glucoside is already nearly attained. This is 
made up of gitalin fraction, 4 p.c. ; digitalein 
fraction, \ p.c. ; and digitoxin fraction, \ p.c. 
For variations, see above. 

Digitalis leaves contain luteolin ( — ‘r ligiio - 
flaixtne ’) (5j 5 H 10 O fl .H 9 O, which imparts a yollow 
colour to ethereal extracts (Kiliani and Mayer, 
Ber. 1901, 34, 3577). 

Other Drug s with a Diqifalvt-ltke Action . — 
Schmiedoberg (Arch. exp. Path. Pharm. 1883, 
16, 149, especially 162) has enumerated a con- 
siderable number of these. Strophanthus and 
squill (q.v.) are therapeutic ally the most im- 
portant ; see also euonymus, hellebore, and the 
alkaloid erythrophhune. 

Cymarin, a glucoside from the root of 
Apocynum rannabwnm has boon obtained crystal- 
line (P. R. P. 255537, of * Bayer & Co.) 
1000 parts of the root are extracted with boiling 
carbon tetrachloride until no .longer bitter. 
After evaporation, the residuo is dissolved in 
1000 parts of alcohol, and water at 50° is added, 
until no more resm is precipitated. After 
filtration, basic lead acetate is addod, and the 
excess of lead is removed, after a second filtra- 
tion, by means of hydrogen sulphide. After 
evaporation to 100 parts, the solution is extracted 
with chloroform, and the chloroform dried with 
sodium sulphate. Impurities are then pre- 
cipitated with ether, and next the eymarm with 
light petroleum. Tt is 'crystallised from methyl 
alcohol, and then has the composition : 

C 30 H 44 O 9 ,CJI 8 OH,*H 2 O 
23-5° in chloroform. It gives Lieber- 
mann’s cholesterol reaction (v. Strophanthidin), 
and Keller’s digitoxin reaction (above), 'and is 
hydrolysed by acids 

C 80 H 44 O 9 4-H 8 O=C 28 H 30 O R ,H i O-fC 7 H 14 O 4 

into oymarigenin (—strophanthidin, q.v.) and 
oymarose, which is probably the methyl ether of 
digitoxoso (Windaus and Hermanns Bor. 
1915, 48, 979), where the earlier investigations 
on Apocynum are referred to. 

Bufagin C, 8 H 24 0 4 , from the parotid gland 
of the Central-Amorican toad Bufo aqua, has 
also been obtained crystalline and pur^ (Abel 
and Macht, J. Pharra. exp. Therap. 1912, 3, 
319). It is not a glucoside. For bufotalin from 
European toads, see Wicland and Weil (Ber. 
1913,46,3315). 

Oonvatiamarin 0 23 H 44 0 12 and convallarin 
are crystalline glucosides from 
Convallana majalis (Lin#.) (Lily of the Valley), 
which plant was deleted from the U.S.P. in 
1916 (Walz, Jahrb. f. Chem. 1858, 518). 

^ a-Antiarin C 27 H l2 O ]0 ,4H.,O and P-hnliarin 
are crystalline glucosides from the latex ot 
Antians toxicaria, the Upas tree of Java (Kiliani, 
Ber. 1910, 43, 3574). Other crystalline gluco- 
sidea with digitalis aotion are thevetin C e4 H 84 O a4 , 
from the seeds of Thevetia neriifolia (Juss.), 
orystallising readily (deTVrij, Pharm. J. 1881, 
457 ; Warden, ibid. 1881, 417), and echujin 


(CjH g O s )w, from the latex of Adenium Bakmia- 
num (Schinz), a South-West African arrow poison 
(Boehm, Arch. exp. Path. Pharm. 1899, 26, 
165). The latter substance has an activity 
intermediate between that of digitoxin and 
strophanthin. 

Tanghinin C 27 H 4# 0 8 , m.p. 182°, from the 
fruits of Tanghima venemfera (Madagascar), is 
crystalline, hardly solublo in water, readily in 
alcohol and in ether, and is not a glucoside 
(Arnaud Oompt rend. 1889, 108,1255). Admin 
C„ 4 H 40 O 0 , from Adonis amurensis (Reg. et Radd.) 
(Taliara, Ber. 1891, 24, 2579), adonidm from 
A. vernahs (Linn.) (Cervello, Arch. exp. Path. 
Pharm. 1882, 15, 235), and oleandnn from 
Ncmm oleander (Linn ) (Schnnedeberg, l.c.). are 
amorphous. Many of the above substances aro 
used as arrow poisons. The N.O. Apocynaceai 
seems to be especially rich in substances with 
a digitalis-like action ( A poi.ynmn, Strophanthvs , 
Thevetm, Ademum, Nenvm oleander). Windaus 
and Hermanns (Ber. 1915, 48, 991) have sug- 
gested that, there is a more or less close chemical 
relationship between many of the above sub- 
stances Tho non-sugar portion of the glucosides 
(‘ gemn ’) scorns to be derived from a cholesterol - 
liko complex by various degrees of oxidation ; 
the sugars are peculiar and sometimes identical 
or closely related, and often contain loss oxygen 
than carbohydrates. The genins are less active 
than the glucosides (//. fc-strophanthinand Straub, 
Biochem. Zeitsch. 1916, 75, 132). G. B. 

DIGITALON v. Digitalis. 

DIGITOXIN ?>. Digitalis. 

DIHEPTYLACETIC ACID (C 7 H 15 ) 2 CII;OOOH 
is obtained by treating diheptylacetoacetio ester 
with potassium hydroxide (.lourdan, Annalen, 
200, 116); m.p. 26°-27°. 

DIHYDRAZINES v. Hydrazines. 

DIHYDROCAMPHOKETONE Ketones. 

DIHYDROXY- ACIDS v. Hydroxy- actds. 

DIHYDROXYANTHRAQUINONES. See Ali- 
zarin and Allied colouring matters. 

DIHYDROXYBENZOIC ACIDS r . Proto- 

CATECHUIO ACID. 

DIHYDROXYCARBOXYNAPHTHALENE 
SULPHONIC ACIDS. See Naphthalene. 

5 : 5' DIHYDROXY 7 : 7 -DISULPHO 2 : 2'- 
DINAPHTHLY CARBAMIDE 

SO,H /^ /X jNH -CO -N H / N Y /X jS0 3 H 

U\/ \A/ 

HU • OH 

Prepared by the action of carbonyl chloride 

upon an aqueous solution of 2-amino-5-naphthol* 
7-sulphonic acid containing sodium carbonate, 
acidiiying with hydrochloric acid, and adding 
common salt (Farbenf. vorm. F. Bayer &■ Co., 
D. R. P. 1 16200). 

I : 5-DIHYDROXYNAPHTHALENE. See 

Naphthalene. 

DIHYDROXYNAPHTHALENE SULPHONIC 
ACIDS. See Naphthalene. 

DIHYDROXYTARTARIC ACID 

C0 2 HC(0H) a U(0H) a -C0 a H 

is made by the action of a mixture of fuming 
sulphuric acid and nitric acid upon dry tartaric 
at 20°, cooling with ice and neutralising with 
sodium carbonate when the sparingly soluble 
sodium salt separates out. Used in making 
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tartrazine : v. Pyrazolone colouring matters 
and Ketones. 

DI-iODOFORM v. Synthetic drugs. 

DIKA-BREAD. An edible cake made by 
the natives of Sierra Leone and the Gaboon 
from the fruit of the mango tree, indigenous 
to most tropical climates. The fruit resembles 
chocolate in appearance, and contains a largo 
quantity of fatty matter. It has occasionally 
ripened under hot-house cultivation in this 
country. 

DIKA FAT GROUP. Under this name may 
be comprised several fats which are character- 
ised by high saponification values, like the fats 
of the Cocoa Nut Oil group, but which differ from 
them by the abscnco of volatile fatty acids. The 
high saponification value indicates a preponder 
ant proportion of laurie acid. Those fats are 
further characterised by low iodine values. 
The most prominent of this group are • (1 ) Dika 
fat, obtained from the seed-kernels of various 
kinds of Irvingia : /. gabon crisis (Baill ), I. 

Barleri (Hook, (!!.), indigenous to West Africa. 
The seeds yield about 05 pc. of a yellowish- 
white fat, which the natives separate by ex- 
pressing the kernels after boiling with water. 
The fat melts at about 30°, and has an iodine 
value of about 31 . (2) Tangkallak fat, obtained 

from the fruils of Lepidadcnia Wighttiana (Nces : 
Bl.), Cylicodaphne sebtfera (151 ), Tclranibera calo- 
phylla (Miquol), Tetranthcra lavnfoha («Iacq.), 
Lit sea iSchifera (Pers.), Srbifrra (jluttno.su (Lour ) 
(3) Irvingia butter. Cochin China wax, or C&y 
C&y fat, the fat obtained from Irvingia Olirert 
(Pierre), Irvingia malayana. (Ohv.), Irvingia 
Harmandiana (Pierre), Buchananw fastigiala (H 
Bail! on). The CAy-c&y tree — ‘ candle tree ’ — is 
u tropical tree indigenous to Cochin China and 
Cambodia. Large quantities of the fat are used 
by the nativos as candles. The freshly prepared 
fat is omployed for ediblo purposes. (4) Kusu 
oil, contained in the fruit of the camphor-yielding 
tree, Cinnamomum camphora (Noes), Lauraceoc. 
From its chemical characteristics, the conclusion 
may be drawn that it consists of pure laurin with 
a few per cent, of olein. J. L. 

DIKETONES v. Ketones. 

DIKETOSUCCINIC ACID v. Ketones 

DILATOMETER.* A term originally used 
to denote an apparatus for measuring the 
thermal expansion of liquids. Subsequently 
given by Siloormann to an instrument for deter- 
mining the strength of aqueous alcohol. 

DILITURIC ACID, nitrdbarbituric acid, nilro- 

malonylurea, CO ,qq^>CH -NO 2 ,3H 2 0, ob- 

tained by treating alloxantin first with hydro- 
chloric acid and subsequently with nitric acid 
(Schlieper, Annalen, 56, 24) ; by warming 
hydurilic acid with nitrid acid (Baeyer, ibid. 127, 
211) ; by nitrating barbituric acid with fuming 
nitric acid (Baeyer, ibid. 130, 140) ; by oxidising 
violuric acid (nitrosobarbiturie acid) (Ceresole, 
Ber. 16, 1134) ; or by oxidising with nitric acid 
the compound Ci # H 28 0 1 ,N 12 S 2 obtained by 
con densing wodialuric acid with thiocarbamide 
(v. Vogel, Annalen, 315, 259; Bartling, ibid. 
339, 27). 

Diliturio acid crystallises in colourless 
quadratic prisms or plates, is sparingly soluble 
in oold/more readily so in hot water, is sparingly 
soluble in alcohol and insoluble in etner. it 


forms chloropicrin when warmed with bleaching 
powder, is reduced by hydriodic acid to uramu 
{aminobarbituric ac,id ), and suffers partial reduc- 
tion when heated with glycerol, yielding vidvric 
acid. Dilituric acid is tribasic, but most of the 
salts are acidic, and contain only one equivalent 
of the metal ; thoy are sparingly soluble in 
water, and are not generally decomposed by 
mineral acids. The ammonium salt 
C 4 H 2 (NH 4 )0 6 N 3 

the sodium salt G 4 H 2 Na0 6 N 3 ,4H 2 0, potassium 
salt C^HKOgN;,, calcium salt 

Ca(C 4 H.,0 5 N 3 ) 2 ,4H 2 0 

the barium compound BaCl(0 4 H 3 0 6 N 3 ),H 2 0, 
ferrous sail Fe(C 4 H 2 0 8 N3) 2 ,8H 2 0, and the silver 
salt C 4 H 2 Ag0 6 N 3 ,2H 2 0, are colourless; the ferric 
salt. Fe(C 4 H 2 O 6 N3) 3 ,dH;>0 iR bright yellow, the 
coppet salt Cn(C 4 H 2 O.N 3 ),U 2 () is greenish, the 
dipotamum salt (! 4 HK„O b N 3 is] bright-yellow 
(Schlieper, l.c.), and the tnargeniic salt C 4 Ag 3 O.N 3 
is lemon-yellow (Baeyer, Annalen, 130, 140)? 
According to Holliman (Reo. trav. eliim. 1897, 
16, 162), dilituric acid and its homologues are 
aliphatic nitro- compounds in which the iso- form 
(ef. liantzsch and Schultzo, Ber. 1896, 29, 699, 
2251 ; liantzsch and Veit, t bid. 1899, 32, 607) is 
the stable modification. The aqueous solution 
of dilituric acid is faintly yellow and decomposes 
carbonates ; the molecular conductivity for 1 
gram-molecule dissolved in v litres of water is 
323-4 (t>=32), 341-4 (w=512), ( Mot should be 
356) ; the acid is therefore almost completely 
dissociated in aqueous solution ; the addition of 
one equivalent of a base docs not appreciably 
change the colour of the solution, but on adding 
a second equivalent, the solution assumes the 
deep-yellow colour characteristic of the aqueous 
solutions of the salts of this acid. Assuming 

that the formula CO^^g.^Q^^C-N-OH re- 
0 

presents the constitution of the acid, Holleman 
states that the anion 


C0 <5JiTc ( ct'/^ N0H 

O 



0 


Methyldllituric acid, 1 - methyl - 6 - nitrobar- 

bituric acid co <nh 6 ^ oa> CH ' NO *’l 8H < 0 ’ 

prepared by oxidising methylvioluric acid with 
concentrated nitric acid (Andreasch, Monatsh. 
1900, 21, 281), crystallises from aqueous solu- 
tion, and the anhydrous acid is colourless ; it 
melts and decomposes at 143°, is readily soluble 
in hot water, less so in cold water, alcohol, or 
acetone, |nd sparingly soluble in ether. The 
aqueous solution of the acid is intensely yellow, 
and decomposes carbonates ; the aqueous solu- 
tions of the salts are also yellow, but the 
solid salts are colourless or pale-yellow 
and sparingly soluble ; the potassium salt 
C 6 H 4 KO,N 3 , the sodium salt C 8 H 4 NaO ft N a ,HgO, 
the ammonium salt C.H 4 (NH 4 )O s N a , are colour- 
less ; the barium salt (C 6 H 4 0fN,) a Ba,H a 0, the 
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cadmium salt (C 5 H 4 NjO«) 2 Cd,2H a O, are pale- 
yellotv ; tho strontium scut (C 5 H 4 0 4 N 3 ).Sr,3H20 
is colourless, hut becomes yellow on losing its 
water of crystallisation. Methyldilituric acid is 
stable with bases ; it reacts readily with chlorine 
to form methi/lchlordilituric acid 

co <Sh°.oo> cc1(no * ) 

m p. 121° ; the corresponding bromo- compound 
melts and decomposes at 138°-139°. 

Dimethyldllituric acid, 1 :3 - dimethyl - 5 - 

nitro harhituric acid -N () 2 

obtained by oxidising dimethylviolune acid with 
concentrated nitric acid (Techow, Ber. 27, 3085 ; 
AndroaBch, Monatsh. 10, 20) ; forms colourless 
microscopic crystals from acetone ; dissolves in 
5'98 parts of water at l<j°, is sparingly soluble 
in alcohol, melts at 152° and changes into di- 
methylalloxan (Holleman, Roe. trav. ehim. 10, 
102)* and is reduced by hydriodic acid to 
dimethyluramil. 

Dimethyldihturio acid is intensely yellow in 
aqueous solution, and this is due to the presence 
of the coloured anion of the isonitro- form 

GO< C^Me-(io^ >C:NO ' OH ’ for on addin S con 


sit Walter, Chem. Zeit, 1910, 84, 64!, et ssq . ; 
and Cain's Intermediate Products for Dyes, 
Instead of sulphuric aoid iodine may be employed 
(Knoll & Co., D. R. P. 260286). Or a mixture 
of aniline and milk of lime and methyl chloride 
may be heated under pressure (Grandmougin, 
Rev. prod. chim. 1917, 20, 68). 

Dimethylaniline boils at 192 f 6°/738 mm. ; 
m.p. 2 07° ; sp.gr. 0*96 at 15° (see, Amines).' 

DIMETHYLDIAMINODI - o - TOLYLME- 
THANE 

CH a CH s 

CH 3 N U <Q>CH 2 <^)NH -CH 3 

Obtained by treating methyl-o-toluidine,- or a 
mixture of mono- ana dimethyl-o-toluidine with 
formaldehyde (40 p.c. solution) and hydrogen 
chloride, diluting with water, adding sodium and 
stoam distilling to expel the excess of the methyl- 
o-toluidinc. On cooling the base crystallises, 
and may be purified by crystallisation from 
alcohol (Bad. Anil, and Soda Fabrik, D. R. P. 
67478) ; m.p. 87° ; b.p. £5579 mm. 

DIMETHYLDIAMINOTOLUPHENAZINE v. 

Azines. 

2 : 2'-DIMETHYL-l : V DIANTHRAQUIN- 
ONYL 


oentrated nitric acid, the colour almost entirely 
disappears ; further, the molecular conduc- 
tivity of the acid for 1 gram-molecule dissolved 
in v litres of water is 31 33 (v— 32), and 337'6 
(v=1024), (g x should bo 352), so that in each 
solution tho acid is almost completely ionised 
(Holloman, Rcc. trav. chim. 16, 162). The 
salts of dimethyldllituric acid are coloured, tho 
sodium salt, 0 3 H.Na0 s N 3 ,H 2 O is yellow, tho 
potassium salt 0 e H # KO.N 3 is greenish-yellow, 
the magnesium salt (0 3 H 6 0 6 N 3 ) 2 Mg,4H 3 0 is 
yellowish-green, the calcium salt (C tt H # () 5 N 3 ) 2 Ca 
is bluish-green, the strontium salt (C # H 6 G 8 N 3 ).,Sr 
is pale-green, tho barium salt 

(C,H a 0 5 N f ) a Ba,2H 2 0 

is rose-red, and the silver salt C # H-AgO.N 3 is 
^r^ish- violet (Andreash, l.c., and Monatsn. 21, 

Dimethylchlordilitnric acid 

co<NMc:oo> :c| ( NO '> 


prepared by passing chlorine into an aqueous 
solution of dimothyldilituric acid ; melts and 
decomposes at 160° ; tho corresponding bromo- 
derivative melts partially at 152° (Andreosch, 
l.c.). Dimethyldilituric acid is readily* decom- 
posed by the action of bases forming water, | 
carbon dioxide, and dimethylnitromalonamide. 

M. A. W. 

DILL FRUIT. Aneihi fruclus, B.P. The 
dried ripe fruit of Peucedanvm graveolens 

(Benth. and Hook.). 

DILL OIL v. Oils, Essential. 

DIMETHYLALLOXAN v. Alloxan. 

p-DIMETHYLAMINOBENZOPHENONE v. 

Ketones * . 

DIMETHYLAMINONAPHTHAPHENAZINE 

t\ Azines. _ 

DIMETHYLANILINE <^~ N >N(CH,) a . 

, Made by heating a mixture of aniline and 
methyl alcohol oontaMng sulphuric acid in an 
autoclave. For details of mode of manufacture, 


CO 



Obtained by diazotising 1 -amino-2-methyl- 
antbraquinone dissolved m sulphuric acid, 
pouring tho product on ice, separating the 
diazonium sulphate, and treating it with acetic 
anhydride and copper powder. The precipitate 
thus formed is mixed with, water to remove 
acetic anhydride, and with dilute nitric acid to 
free it from copper. Can also be prepared by 
treating 1-chlorometliylanthraquinone with cop- 
per powder (Bad. Anilin and Soda Fabrik. 
D. R. P. 180157) ; m.D. 266°-367°. Used in 
making Indanthreno Golden yellow, v. Pyran- 
threne, art. Indanthrknk. 

DIMETHYLETHYL ACETIC ACID v. Ca- 

PROIC ACID. 

DIMETHYLGLYOXIME ( Bydioximinobutane ) 
OH 3 -C : N OH 

| , was originally obtained by 

CH 3 -0 ■ N-OH 

Schramm, in 1883, by acting upon methyl- 
oximino-ethyl ketone with aqueous hydroxyl- 
amine hydrochloride (Ber. 16, 180). It is 
readily prepared in quantity by the following 
method (Gandurin, J. pr. Chem. 1908, 77, [ii.J 
414) : — 

850 c.c. of commercial methyl ethyl ketone 
are mixed with 30 c.c. of hydrochloric acid of 
sp.gr. 1*19, and 1 litre of amyl nitrite to allowed 
to run in slowly with vigorous stirring. This 
takes U hours, and the temperature should be 
maintained between 40°-60°. When the reaction 
is over, 800 grams of ice are added, followed by 
378 grams of sodium hydroxide in $00 c.c. <rf 
water, and the mixture to shaken for half an 
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hour. After standing, the layer of amyl alcohol 
is removed, and the aqueous liquid twice ex- 
tracted with ether. 100 c.c. oi tho alkaline 
liquid are treated with the calculated amount of 
hydroxylamine hydrochloride, and the di- 
methylglyoxime produced is collected and 
weighed. If the original volume of the alkaline 
liquid is v c.c., a grams the weight of dimethyl - 
glyoxime obtained from the 100 c.c. of liquid, 
then the amount of hydroxylamine hydro- 
chloride in grams required for the remaining 
liquid is equal to 65G(«— 100)tf/ 109600. This 
weight of hydroxylamine hydrochloride is dis- 
solved in a little water, added tb tho alkaline 
liquid, and the whole warmed on the water- bath 
for an hour. The liquid is acidified with acetic 
acid, and the dimetliylglyoxime, which separates, 
is filtered, washed, and dried. This product 
is sufficiently pure, but it may, if desired, be re- 
crystallised from alcohol. Yield, 060-700 grams. 

(For details, see Adams and Kamm, J. Amer. 
Chern. Soc. 1918, 40, 1281.) 

(For other methods of preparation, v Biltz, 
Zeitsch. anal. Chern. 1909, 48, 104 , Tschugaeff, 
Ber. 1906, 38, 2620.) 

Properties . — Dimetliylglyoxime forms colour- 
less, glistening needles, and is insoluble m water, 
but soluble in alcohol. It melts at 245°- 240° 
(Meyer- Jacobson, I. (li.) 820, 1913). Its diben- 
zoyl derivative forms rhombic plates, molting at 
223° (Diels and Stern, Her. 1907, 40, 1029). 

On oxidation with potassium fornoyanido 
or nitrogen peroxide it yields furoxano (Scholl, 
Bor. 1890, 23, 3498) ; this is reduced to the 
dioxime again when treated with zinc and 
acetic acid (Rimini, Gazz. chim. ital. 1896, 26, 
fii.] 200). When heated with aqpeous am- 
monia at 170°- 180° it yields the anhydride 
dimethylfurazan (Wolff, Ber. 1895, 28, 09). 

Application in Analysis. — Dimethylglyoximo 
is now an important analytical reagent, owing 
to its property of forming a bright scarlet 
insoluble nickel derivative. It thus becomes 
possible to estimate nickel simply and accu- 
rately, in the presence of iron, aluminium, 
chromium, cobalt, zinc, or manganese, all of 
which form soluble derivatives. In addition, 
an excellent qualitative toRt for nickel in the 
presence of cobalt is»supplicd. For the latter 
purpose, a pinch of the oxime is added to the 
solution containing excess of ammonia or 
sodium acetate, and the liquid boiled. A Hcarlet 
precipitate is obtained even when there is 
present only one part of nickel in two million 

S ' i of solution (TschugaefT, Ber. 1905, 38, 

; Compt. rend. 1907, 145, 679 ; Kraut, 
Zeitsch. angow. Chem. 1906, 19, 1793). 0*1 
milligram of nickel can be detected in the 
presence of 5000 times as much cobalt. 

For the quantitative estimation of nickel, the 
acid solution is heated nearly to boiling ; a 
slight excess of 1 p.c. alcoholic dimethylgly oxime 
is added, and then a small excess of either am- 
monia or sodium acetate. Tho precipitate is 
filtered while hot on to a Gooch crucible, washed 
with hot water, and dried at 110°- 120°. Its 
formula is (CH 3 *C:NO) 2 NH (CH 3 C:NOH) 2 , and 
it oontftins 20*31 p.o. of nickel ; it has no definite 
melting-point, but sublimes at 250 9 . Am- 
monium salts do not interfere ; if the acetate 
method is employed, the original solution should 
be nearly neutralised with ammonia before 
Voih II. — 5P. 


adding the oxime and acetate (Brunck, Zeitsch- 
angew. Chem. 1907, 20, 1844). As the precipi- 
tate of nickel glyoxime is very voluminous, it is 
advisable to work with solutions containing not 
moro than about 01 gram nickel, owing to the 
difficulty of filtration, and again in order to avoid 
waste of material, the cobalt, if present, should 
not exceed 0‘1 gram, otherwise a large excess of 
ammonium hydroxide and dimethylglyoximo 
is necessary in order to provent its procipitation. 

By either of tho above methods, cobalt and 
zinc may be separated from nickel ; but about 
twico the theoretical amount of reagent is 
necessary. Manganese, of course, can only bo 
separated by tho acetate method. Iron, alu- 
minium, and chromium may be separated by the 
ammonia method, if tartaric acid be previously 
added(and, in addition, ammonium chloride in the 
case of chromium). Iron may also be separated 
in acetic acid solution, provided it is m the ferrous 
state (Brunck, Zeitsch. angew. Chem. 1907, 20, 
1845 ; Prettner, Chem. Zcit. 1909, 33, 396, 411 * 
Ivamcki, Chem. Zeit. Rep. 1908, 32, 644 ; 
Itiiead, Analyst, 1910, 35, 97 ; v. also Analysis). 

Tho oxirno is sufficiently expensive to make 
its recovery desirable. This may bo effected by 
dissolving the nickel derivative in aqueous 
potassium cyanide and acidifying with acetic 
acid. Tho precipitated dimethylglyoximo is 
purified by recrystailisation from hot alcohol, 
after clecolourisation with charcoal (v. Ketones). 

DIMETHYLMALONIC ACID v. Glutakic 


ACID. 

DIMETHYLOXALIC ACID p. Hydroxy- 


BUTYKJO ACIDS. 

aa DIMETHYLPROPIONIC ACID p. Valeric 


ACID. 

DIMETHYLPYRROLE v. Bone oil. 
DIMETHYLSAFRANINES v. Azines. 
DIMETHYLTRIAZINE, Diazoanunomethane 
v. Diazo- compounds. 

DINAPHTHAZINES v. Azines. 
DINITROANTHRAQUINONES. 

1 : 5-Dinitroanthraquinone (m.p. 330°) 


CO N0 2 



is made, together with tho 1 : 8 isomeride, by 
adding sodium nitrate to antliraquinone dis- 
solved in sulphuric acid. By extraction with 
alcohol or acetone the 1 : 8-dimtroantliraquine 
(m.p. 312*) N0 a CO NO, 


v 

is romovod. ^ 

Used in the manufacture of anthracene 
blues. See Alizarin and Allied colouring 

MATTERS. 

DINITRpBENZENEDIAZO-OXIDE v. Diazo- 

COMBOUNDS. 

DINITROBENZENES v. Benzene and its 

HOMOLOGUES. 

2 : 4 DINITRO-4 -HYDROXYDIPHENYL- 
AMINE 

N0 *Q NH O 0H 


2m 



630 
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Made by boiling together in water containing 
chalk a mixture of 4-chloro-l : 3 dinitro- 
benzene and p-aminophenol in molecular pro- 
portions ; m.p. 100°. Used in the manufacture 
of sulphide dyes ( q.v .). 

DINITRONAPHTH ALENES v. Naphthalene. 
DINITRO PHENOLS v. Nitrofhenols and 

THEIR HOMOLOUUES. 

DINITROSTILBENEDISULPONHIC ACID 

,<> : CH<J>N0 2 
so 3 h so 3 h 

Obtained by warming a solution of sodium 
p-nitrotolueno sulphonato eontauung sodium 
hydroxide witli sodium hypochlorite when 
sodium dinitrostilbenedisulphonato separates on 
cooling. The free acid is obtained by treating 
the sodium salt with hydrochloric acid. Pale 
yellow needles. 

DINITROTOLUENES v. Benzene and its 

HOMOLOQUES, NITRATION OF. 

DIOCTYLMALONIC ACID 


(0 8 H J7 ) 2 C(C0 8 H) 2 

Prepared from diethylmalomc eater, sodium 
motnoxido and octyl iodide, and subsequent de- 
composition of the ester thus formed with caustic 
potash (Conrad and Bischoff, Annalen, 204, 
163) ; m.p. 76°. 

DIOFORM. Trade name for aymm. 1-2-d?- 
CHC1 


clilorcthylene (acetyleno dichloride) 


CHC1 


(y.e. V Suggested as an amesthctic. 

DlOfJEN. Trade name for sodium umino- 
naphthol-disulphonatc. 

DIOGENAL. Trade name for dibromo- 
propyl diethylbarbitunc acid. 

DIONINE. Ethyl morphine hydrochloride, 
v. Opium and Synthetic drugs. 

DIOPSIDE. A double salt mota-silieate of 
calcium and magnesium in winch a part of the 
magnesium is usually replaced isomorphously 
by an equivalent amount of ferrous oxide, the 
formula being Ca(Mg,Fe)(Si() *),>• It is a member 
of the monochmc senes of the pyroxene group, 
and is of importance as a rock-forming mineral ; 
while occasionally, when transparent and of a 
rich bottle-greon colour, it is employed as a 
gem-stone. The depth of colour, sp gr. (3*2— 3*3), 
and other physical characters vary with the 
percentage of iron present, which m material 
of gem quality, such as the crystals from Ala 
in Piedmont, and the Zillerthal in the Tyrol, 
amounts to about 3-4 p.c. FeO. TIai hardness 
is 6. L. J. S. 

DIOPTASE. Hydrous silicate of copper, 
H 8 CuSi0 4 , crystallising in the rhombohedral 
system with parallel-faced hemihedrism. The 
water is expelled only at a red heat, and the 
formula has consequently been variously inter- 
preted as an acid ortho-silicate, or as a basic 
meta-silicate. F. Zambonmi (1908) concludes 
from dehydration experiments that the formula 
is CuSiOg'HyO, with the water held in solid 
solution in the meta-silicate. The mmeial is 
of a characteristic emerald-green colour (hence 
the name emerald-copper ; Ger., Kupfer- 
Schmaragd), and transparent crystals nave 
occasionally been cut as gem-stones. For this 
purpose, however,*’ the hardness (H.=6) is 
rather low; ep.gr. 3*3. The best crystals are 
found on the limestone hill of Altyn-Tube in 


the Kirghiz Steppee, Siberia, and in the copper 
mines near Minaouli in the French Congo. 

An allied mineral, planch eite (of A. Lacroix, 
\QQB t —ahatlucki(e of W. T. Schaller, 1916), 
occurs as blue, fibrous concretions associated 
with dioptase in the French Congo. This has 
the composition 2CuSi0 3 \H 2 0, representing a 
partly dehydrated dioptase. L. .T. S. 

DIORITE. An igneous rock composed^ssen- 
tially of plagioclase felspar (oligociase to labrado- 
nte) and hornblende, and with a coarse- to 
medium -grained crystalline-granular texture. 
It belongs, with granite, to the scries of plutonic 
rocks, and - is of intermediate composition 
(Si0 2 , 62-60 pc), falling between syenite and 
gabbro. Its volcanic equivalent is andesite. 
Other minerals may also be present as essential 
constituents of the rock, and accordingly the 
following varieties are distinguished : horn- 
blendo-diorito (dionte proper), augito-diorito, 
enstatite-dionte, mica-dionto (the mica here 
being biotite), quart/. -mica-dionto, quartz- 
dionto (or tonahte). The colour js usually dark 
grey or greenish- black, and for this reason the 
rock is included under the general term ‘ green- 
stone.’ The spgr. ranges from 2 8 to 3d ; the 
porosity is low, 0-26 p.c. ; and the crushing 
strength 1640 to 1830 tons per square foot. 

I Under I is given B rugger’s average of sixteen 
analyses of .typical diorites ; analysis II. is of 
diorite from Strathspey, Scotland ; ill. of 
quartz -dionte from Spanish Peak, Plumas (Jo., 
California (including Ba() 0 04, 00 8 0 20, 
P 2 0 6 0-26, S() 3 003); IV. liornblende-augite- 
dionte from hichnadampf, Sutkerlandshire 


(including (XL 0 64). 





1. 

II. 

III. 

IV. 

SiO , 

. 56 62 

63-22 

69-68 

52-47 

Tiu; 

. 0-25 

— 

0-66 

— 

Al 2 () 3 

. 16-31 

16 84 

17-09 

12-16 

Fc 2 0 3 

. 4-28 

— 

2-85 

3-47 

FeO 

. 5 92 

9-27 

2-76 

6-23 

CaO 

. 6-94 

8 63 

6-62 

9-71 

MgO 

. 4-32 

6-48 

3-54 

9*94 

K.,0 

. 1*44 

l *30 

I 31 

2-26 

Na.,0 

. 3 43 

3-54 

3 87 

2-81 

H,0 

. 103 

0-95 

115 

1-62 


J00 : 34 

100-22 

100 03 

100-20 


Diorites are of wide distribution and are 
very common in association with granitic rocks 
in the southern uplands and highlands of 
Scotland. They arc extensively quarried for 
road-metal and paving-setts in the Channel 
Islands, Guernsey, Jersey, and Alderney, and 
at Brazil Wood near Mount Sorrel in Leicester- 
shire. Owing to the difficulty of working tho 
rock and its dull colour, it ih not much used as 
a building stone, except locally. Certain coarse- 
grained variotios are, however, polished for 
ornamental purposes. For example, a variety 
from Corsica, known as napoleonite, corsite, 
or ball dionte, shows a spheroidal structure 
with alternating concentric layers of light felspar 
and dark hornblende. L. J. S. 

DIOSCORINE CjjHjjOjN, greenish-yellow 
plates, m.p. 43 -5°, occurs in Dioscorea nirsuta 
(Blume) tuners of Japan. Bitter and poisonous 
(Gorter, Rec. trav. chim. 1911, 30, 161). Has 
an action like picrotoxin. 

DIOSPHENOL, Buchu camphor v. Buchc, 
DIOXIME. Gambine H. l-nitroso-2 : 7* 
dihydroxynaphthalene, v, Quinoneoxime dyes. 



diphenylI m 


DIOXOREA. A genus of plants of the 
Dioxoreaoeous order, the tubers of which are 
known as yams, and are largely eaten in the 
West Indies and other tropical countries. D. 
batatas (Decne.) is the plant producing tubers 
known as ‘ sweet-potatoes,’ which are cooked and 
eaten as a substitute for potatoes. 

DIOXYGEN. Trade name for a 3 p.e. 
solution of hydrogen peroxide. 

4IPHENAL, D lammohydroxyd i ph cnol, used 
ns a photographic developer. 

DIPHENAZINE v. Azines. 

o-DIPHENETIDINE v. Diphenyl. 

DIPHENYL. This hydrocarbon, which has 
the molecular formula (\ 2 H l0 , is structurally 
composed of two benzene nuclei joined together 
by a bond linking two carbon atoms, one m each 
r ing . The carbon atoms arc numbered for the 
purposes of nomenclature in the following 
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Although of minor importance, diphenyl is 
nevertheless the parent substance of a large 
number of important bawl’s which have found 
application in the preparation of the so-called 
substantive cotton dyes, that is to say, of 
colouring matters which will affix themselves to 
the vegetable libres without the afd of a mordant. 
These bases arc, however, not derived directly 
from the hydrocarbon, but are prepared by an 
indirect method which will bo described later. 

Diphenyl was originally obtained by Fittag 
(Annalon, 121, 303) from an ethereal solution of 
bromobenzono by the action of metallic sodium 
C e U 6 Br f BiD e tf j + 2Na <_’ 6 lf 6 — 0,11 B + 2N aBr 
but it is more conveniently prepared by the 
method discovered by Berthelot (Ann Chilli. 
Phys. [4] 0, 453 , [4]' 12, 185), who obtained it 
by passing the vapour of benzene through a red- 
hot tube 

c 8 h 5 h+ho # h 6 (w-o.h.+h. 

The following procedure is recommended 
(Schultz, Ber. !), 547 ; Hubner, Annalen, 209, 
339 ; Smith and Lcweoek, Ch**m. Soc. Trans. 
1912, 101, 1453; | apparatus] La Oosto and 
Sorger, (Annalen 230, 5). The vapour from a 
quantity of bon/ene (free from thiophen), 
contained in a large flask heated on the water - 
bath, or produced by dropping the hquid into 
a copper flask heated to 150°, is allowed to pass 
through an iron tube, filled Vvith pumice, which 
is heated to about 720 u m a combustion furnace ; 
the lower end of the iron tube is attached W a 
oondenser and receiver, in which the products 
arc collected. When all the benzene has dis- 
tilled over, tho distillate is again placed in the 
flask, and tho vapour passed anew through the 
red-hot tube, or the process may bo mado 
continuous. Tho ultimate product is then 
fractionally distilled, and the portion boiling 
between 250° and 260°, which solidifies on cooling, 
is purified by recrystallisation from alcohol. 
The yield is about 50-60 p.c. The pyrogenic 
preparation can also be effected by means of an 
incandesoent filament of carbon, platinum, or 
nickel (L5b, Zeitsch. Elektrochem. 1902, 8, 777). 
Diphenyl separates from alcohol as large, 
lustrous laminse which melt at 70 5°. It boils 
at 254° (oorr.), and is insoluble in water. The 


hydrocarbon, when oxidised by chromic acid 

passes into benzoic acid, 

Bennett and Turner (Chem. Soc. Trans. 
1914, 105, 1057) found that chromic chloride 
reacted quantitatively with magnesium phenyl 
bromide to form diphenyl. Krizowsky and 
Turner (Chom. Soc. Trans. 1919, 115, 559) have 
observed that anhydrous cupric chloride behaves 
similarly, yields of about 85 p.e. of tho theoretical 
amount of diphenyl being thus obtained. 

Derivative* of biphenyl and their Orientation. 
— The more important derivatives of diphenyl 
are not prepared directly from the hydrocarbon, 
but from certain mtro- derivatives of benzene in 
a manner to be described later. The hydro- 
carbon yiehls, however, halogen, mtro- and sul- 
phomo arid derivatives analogous to those pre- 
pared from benzene, substitution taking place 
in either one or both rings according to the 
conditions of the experiment. The method of 
orientation adopted for these compounds may 
bo briefly described as follows (Schultz, Annalon, 
174, 201 ; Schmidt and Schultz, ibid. 207, 320). 
When diphenyl is treated with bromine, it yields a 
monobromodiphenyl, assistance which, on oxida- 
tion, is converted into p-bromobenzoio aoid, thus : 

Br O — <D -* l,r O U(, ‘ H 

It follows, therefore, that in bromodiphenyl the 
bromine atom must have entered in tho para- 
position with respect to the linking carbon 
atom. When bromodiphenyl is treated with 
nitric acid, it is converted into a monobrowo- 
mononitrodiphenyl, a substance which, on 
oxidation, yields a mixture of p-brorAbenzoio 
acid and p- mtro benzoic acid. It is therefore 
apparent that the formula of this bromonitro- 
denvativo must be : 

Hr<^> 

The same compound is also obtained from 
dinitrodiphenyl by first reducing this to nitro- 
nminodiphonyl (m.p. 198°) and thou replacing 
the ammo- group by bromine by means of the 
diazo- reaction. Hence dinitrodiphenyl and its 
reduction product are di-paia- derivatives. 
Smoo, however, nitroaminodiphenyl, on reduc- 
tion, furnishes tho diamino- derivative, benzidine, 
the latter is also a di -pat a- compound, or 
4 : 4 , -diamino(liphenyl, the preparation of which 
is described later. 

The transformation of the Himplost aromatic 
hydrocarbon benzene into diphenyl by tho action 
of heat has already been mentioned. This 
transformation can, however, be effected much 
moro readily by the oxidation of certain deriva- 
tives of benzene, and especially those which, like 
the phenols, have a reactive hydrogen in the 
para- position with respect to tho substituting 
group. Thus phenol itself and also resorcin 
readily pass into derivatives of diphenyl when 
fused with potash (Barth, Annalen, 156, 95). 
With hydroquinone, the transformation is still 
moro readily effected and the action of the 
mildest Aixidising agents is sufficient for the 
fffirpose (Nietzki and Bernard, Ber. 31, 1334). 

The primary bases of the benzene series, such 
as aniline, do not lend themselves to the pro- 
duction of derivatives of diphenyl, but the ter- 
tiary bases readily do so ; thus dimethylaniline 
yields tetramethylbemftdine when oxidised 
(Michler and Pattinson, Ber. 14, 2102 and 2164) 
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It hew also been found that certain azo- | Finally, Fittig (Annalen, 124, 280) shoved that 
derivatives of benzene can be transformed by benzicune was identical with the base formed by 


oxidation into tetrazo- derivatives of diphenyl, 
and in this way Congo red can bo formed dv 
treatmg benzoneazonaphthionic acid with 
manganese dioxide and sulphuric acid : 

C 8 H 6 N— N — C 10 H 6 (flHjj)8t) 3 H 

C fl H.N=N— ' O io H b (NH 2 )SO,H 

C # H 4 — N— N — O 10 H # (NH 2 )SO 3 H 
| -|-U 2 0 

C,H 4 -N=N-(1 1# H - (NH j )SU,H 

Derivatives of diphenyl can also be prepared 
from certain diazomum salts of the benzene 
senes. Thus Kuhling has shown (Ber. 28, 41 ; 
21), that when an wodiazo- salt is treated 
with an aromatic hydrocarbon in the presence of 
an acid chloride, the following reaction ensues : — 

N0 2 -C 8 H 4 N.,OK K1 8 lL+Cil 3 COCl 

— > NOgCjH 4 — C fl lij + N j + KC1 -f ( IHjUOoH 
, This reaction has been simplified by Bam- 
berger (Ber. 28, 40.') ; 21), 272 and 405), who uses 
free usodiazobonzeno hydroxide, and shows that 
it passes, in the presence of benzene, without any 
condensing agent, into a derivative of diphenyl. 
Many derivatives of diphenyl can also he formed 
by the method of Ullmann, in which halogen deri- 
vatives of benzene are treated with Jinely divided 
copper (Ber. 43, 2082 ; Annalen, 11)04, 332, 38). 

Benzidi ne and the ‘ Benzidine Heat range- 
merit .’ — The benzidine rearrangement, which 
has been widely applied to the preparation of a 
large nfcnber of important bases used in the 
production of the substantive cotton dyes, is 
the name given to the change which an aromatic 
hydrazo- compound undergoes when treated 
with acids or certain acid reagents. The cliunge 
is effected by the wandering of the hydrogen 
atom which is in the para- position m each ring 
on to the nitrogen atom attached to that ring ; 
at the same time, the link between the nitrogen 
atoms is broken, and the two aromatic nuclei arc 
joined together. It is apparent, therefore, that 
only those hydrazo- derivatives of benzene which 
have their para- position freo will undergo this 
transformation. 

nh-c.h.h nh,-o,h, 

NH-e.H.U 

< 

Hydrazobenzene. Benzidine. ^ 

The history of the discovery of this re- 
arrangement is briefly as follows : Zinin (J. pr. 
Chem. 36, 1)3), in the first instance, showed that 
azobenzene C 8 H 6 -N=N— C 8 H 6 , when treated 
with alcoholic ammonium sulphide, passed into a 
crystalline compound which, when dissolved in 
alcohol and boiled with sulphuric acid, gave the 
sparingly soluble sulphate of a base This base 
he called benzidine. 

It soon became apparent that the substance 
responsible for the formation of benzidine mu\t 
be an intermediate product formed by the action 
of the reducing agent on azobenzene. This 
view was confirmed experimentally by A. W. 
Hofmann (Jahresbericht, 1863, 424), who pre- 
pared the intermediate product, hydrazobenzene, 
and found that it passed with remarkable ease 
into benzidine when treated with mineral acids. 


the reduction of 4-4'-dinitrodiphenyl, and hence 
established the constitution of the base 
4-4'-diaminodiphenyl. 

Manufacture of Benzidine . — A jacketed iron 
pan fitted with an agitator, reflux condenser, &c., 
is charged with 100 kilos, of nitrobenzene and 
50 kilos, of alcohol. This mixture is heated to 
boiling, and 150-160 kilos, of zinc dust^are 
added. The stirring must bo very efficient 
during the next operation, which requires 5-6 
liours, of adding gradually a mixture of 100 
kilos, of alcohol and 40 kilos, of sodium hydroxide 
solution (30°-40°B.). The reaction is vigorous 
I and is regulated by The rate of addition of the 
alkali and, if necessary, by cooling. When all 
tlu; alkali has been added the nuxturo is stirred 
until it is of a uniformly grey colour, and to 
obtain this more zinc may have to be introduced. 
The alcohol is then distilled off by means of 
steam, and the residue is thrown on a fine 
Hiove wlueh retains the hydraz6bcnzene and 
j allows the zinc dust, zinc oxide, &c., to pasB 
through. Another method of working up con- 
sists in diluting the reduction mixture with 
water, carefully neutralising with hydrochloric 
acid, and filtering off the hydrazobenzene. 

The latter is transformed into benzidine by 
mixing it with ice and acidifying with con- 
centrated hydrochloric acid. After some time 
water is added and steam introduced so as to 
dissolve the benzidine hydrochloride, the solu- 
tion is filtered, and the benzidine sulphate 
precipitated by adding sodium sulphate solution. 
This is filtered off, washed, and the base obtained 
by boiling with sodium hydroxide solution, 
cooling, collecting, and distilling in a vacuum 
still. The yield is about 80 p.c. of the theoretical . 

The above process can also be carried out 
without the use of alcohol, or solvont naphtha 
can be employed instead. 

The electrolytic reduction of nitrobenzene 
to hydrazobenzene is the subject of a number 
of patents, but it yould not appear that this 
method is yet applied on the large scale (cf. 
Lob, Ber. 1900, 33, 2329). 

The production of benzidine from azobenzene 
is easily effected by an electrolytic method with 
titanium salts or vanadium trioxide used as 
catalysts. The azobenzene iB suspended in 
30 p.c. sulphuric acid containing 10 p.c. titanous 
sulphate ; a lead cathode is used with a current 
of 3-4 amp. per .square dcm. at 3-4 volts 
(D.’R. PP. 168273 and 172654). 

^ The presence of small quantities of hydriodio 
acid facilitates the reduction of azobenzene to 
benzidine by means of sulphurous acid (D. R. P. 
172569). 

Benzidine, when pyro, forms colourless 
lustrous laminae, which melt at 127-5°-128° ; it 
boils at 400°-401° (740 mm.). The base is 
characterised as a para- derivative by the 
formation of quinone when it is oxidised by 
manganese dioxide and sulphuric acid. It 
can be identified by a number of colour re. 
actions : chlorine, bromine, potassium perman- 
ganate, potassium ferricyanide, and ohromio 
acid, producing characteristic shades. The 
most characteristic salts of benzidine are the 
sulphate C. 2 H 12 N 2 ,H 2 S0 4 , and the chromate 
CijH, 2 N 2 ,H 2 CrO,. Both salts are sparingly 
soluble in alcohol and in water. 
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When treated with nitrous acid, benzidine 
hydrochloride is transformed into a tetrazonium 
salt of diphenyl 

C 6 H 4 N 2 C1 

I 

C 8 H 4 N 2 C1 

which reacts readily with the usual second com- 
ponfcits of the azo- colouring matters, forming 
azo- compounds, the solutions of which possess 
the property of dyeing the vegetable fibres 
without the aid of a mordant. The number of 
colouring matters of this kind prepared from 
benzidine is largely increased owing to the in- 
soluble character of the diazonium salt 

C 8 H 4 N,X 

A # H 4 N/5I 

in which ono molecule of a second component, 
XH, has combinod with tho tetrazonium salt 
derived from benzidine. These diazonium salts, 
when combined with some other second com- 1 
ponent, YH, yield mixed azo- colouring matters 
of the formula 

c„h 4 n 2 x 

A.««n,y 

Benzidine in the presence of hydrogen per- 
oxide is used as a test for blood,* with which it 
gives a blue colouration. The test solution is 
made by taking 10 drops of a concentrated 
solution of benzidine in glacial acetic acid, and 
adding 2 c.c. of a 3 p.e solution of Jf 2 0 2 . 
Sensitiveness — 1 part in 200,000. (Utz, ('hem. 
Zeit. I®07, 31, 737 ; Schumm, Pharm. Zeit. 
1907, 52, 004 ; McWeeney, Sci Proc. Roy. 
‘Dubl. Soc. 1909, 12, 210 ; Bordas, Pom pi. rend. 
1910, 150, 502; Gigli, Boll, clnm, farm. 1910, 
49, 955 ; cf. O. and R. Adler, Zeitsch. physiol. 
Chem. 1904, 41, 59.) 

Ilomologws and Derivative w of lienzidine med 
in the Preparation of the Susbtantive Cotton Dyes. 
— Although a groat many of the derivatives of 
benzidine yield azo- colouring matters which are 
substantive to the vegetable fibres, yet this 
property is largely dependent on the position of 
the groups substituting the hydrogen atoms of 
the diphenyl molecule. Thus it has been found 
that when the substituting groups are in the 
mota- position to the coupling bond, as in 
CH 3 (J1I 3 

nh O-O nh ’ 

o-Tolldine. 

OCH, och 3 

I 1 

and NH 2 <^~~^- r -<^)NH 2 
o-Dlnnlsidine. 

the azo- colours formed arc substantivo to 
cotton* If, however, groups are in tho ortho- 
position, as in g0jH g0 „ 

I I 

nh O-O nii ‘ 

Benzidine-m-dlsulphoriio acid. 

co 2 h co 2 h 

I I 

and NH 2 Q — ^~^>NH 2 

Di&minodlphenic acid. 


the property of the azo- colours of dyeing un* 
mordanted vegetable fibre is lost. The ortho- 
derivatives nevertheless yield substantive ootton 
dyes if ring formation takes place between the 
substituting groups in those positions ; thus : 

KH , 0 0 H ‘ 

\nji/ 

Dlaminocurbazoic. 

NH 2 /"\ /-\NH a 

Nso,/ 

Benzidine sulphone. 

yield azo- dyes substantive to cotton. 

Benzidwe-o-dvndphcmic and is prepared by 
heating benzidine sulphate with 2 parts of sul- 
phuric acid for 30-48 hours at 210° (Ber. 1889, 
22. 2404; Eng. Pat. 1074, 1884; D. R. P. 
27954). 

o-Jhrhiorohcnndine is prepared from &- 
ehloronitrobenzene, and is also produced by 
chlorinating diacctylbcnzidme (Eng. Pat. 25726, 
1890; Fr. Pat. 205155; I). R. P. 94410; 
U.S. Pat. 025174).’ It melts at 133°. 

m-Nitrcbenzidine, obtained by treating a 
solution of benzidine in sulphuric acid with one 
equivalent of nitric acid or potassium nitrate 
(Tauber, Ber. 1890, 23, 790 ; Eng. Put. 13475, 
1892; Fr. Pat. 223170; JJ R. P.72807; U.S. Pat. 
493583), melts at 143° ; whon two equivalents of 
tho nitrating agent are used, m -dmitrobenzu 
dine, m.p 214°, is produced. Mononitifftion of 
diacetylbenzidme or phthalylbonzidine, and 
subsequent hydrolysis of tho product, furnishes 
o~m trohen zidive, m p. 190° (Roller, Per. 1904, 
37, 2883; Fr. Pat,. 203408), whilst two different 
o-dimtrohenzidmes , m.p. 275° and 233°, are ob- 
tained by the dinitration of diucetylbenzidine 
and diphthalylbenzidmo respectively (Trans. 
Chem. Soc. 1912, 101, 2298). 

The following compounds, prepared from tho 
corresponding nitro- derivatives of benzene, are 
of importance : — 

o -Tohdme, 4 - 4' - diamino - 3 - 3' - dimethyl 
diphenyl NH 1 C*H 3 (CH,)--C fl H 3 (OH 3 )NlI v from 
o-mtrotoluone, forms glistening plates, melting 
at 129°. It is sparingly soluble in water, but 
readily soluble in alcohol and in ether. The 
sulphate is sparingly soluble in water. 

o-Dianmdinr, 4-4'-diammo-3-3'-dimethoxy« 
diphenyl NH 2 -C # H 3 (OCH 3 )-C e H 3 (OCH 3 )NH 2 , 
from o-ciitroanisolo, forms colourless leaflets, 
melting at 135°. (For its manufacture, see 
Jansen, Zeitsch. Farh. Ind. 1913, 12, 247.) 

o-Diphenetidine , 4-4'-diaroino-3-3'-diethoxy- 
diphenyl NH 2 -C s H,(OC 2 H 5 ) -C fl H,(00 2 H.)NH 2 , 
from o-nitrophenetole, forms needles or leaflets 
molting at 117°. J. F. T. 

DIPHENYLAMINE was first obtained by 
Hofmann, in 1804, by distilling aniline blue 
(Annalon, 132, 103), and in small quantity by 
distilling vosaniline and lcucanilino. Do Laire, 
Gtfard, and Chapoteaut discovered an easier 
method of preparing it by heating aniline with 
the hydrochloride at 210°-240° (Zeitsch. Chem, 
1800, 438 ; Oompt. rend. 03, 91) 
C s H 5 NH 2 +C # H # NH 2 HCl==NH(C # H # ) 2 +NH i 01 
This reaction is greatly facilitated by the use of 
certain catalysts. It may aldb be obtained by 
heating phenol with the double compound of 
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aniline and zinc chloride at 250°-260° (Mere and 
Weith, Bor. 13, 1298, 1880) : 

C 4 H 6 NH 2 +C # H 8 0H=(C 6 H 6 ),NH+H 2 0 
and by heating aniline and diazoaminobenzene 
to 150° till the evolution of nitrogen ceases. In 
this last reaction, ortho- and para- aminodiphonyl 
are formed at the flame time (Hirach, I). R. 1*. 
62309). Diphenylamine has also been prepared 
by the action of aniline on bromobenzene in 
presence of euprouB iodide (Goldberg, 1). R. P. 
187870, 1906). Aniline, when heated with 
ferric chloride, finely divided copper, and iodine, 
is converted into diphenylamine. Other cata- 
lysts can also be used (Rogers and do Nemours, 
0 K. Pat. 1314538). 

Manufacture — Anilino (1 mol.) is heated with 
aniline hydrochloride (1 mol.) for 30-35 hours in 
an autoclave at 220°-230°. The product is 
extracted with hot dilute hydrochloric acid 
which dissolves the aniline hydrochloride and 
Converts the diphenylamine into the free base, 
forming an oil which solidifies on cooling. The 
oake of diphenylamine is washed and then dis- 
tilled alone or in a current of steam. Yield, 
60-70 p.c. of the aniline employed. It is used 
in the manufacture of diphenylamine blue, 
diphenylamine orango, and aurantia (v. infra). 

Properties — Monoclinic laminae ; m.p. 64° ; 
b.p. 310° ; almost insoluble in water, soluble in 
alcohol, benzene, and ether. It is feebly basic, 
and the salts are hydrolysed by an excess of 
water. 

Reactions . — The hydrogen of the imino- group 
ifl replaceable by alkyl or acyl radicals (Bose- 
ken, Roe trav. chim. 1912, 31, 350). With 
methyl iodide it gives a methyl derivative ; 
with benzyl chloride, a benzyl derivative With 
formic or oxalic acid it yields formyldiphenyl- 
amine, m.p. 74° ; with acetic acid or the acid 
chloride, an acetyl derivative, nip. 103°; and 
with benzoyl chloride, a benzoyl derivative, 
m.p. 180°. When heated with zinc chloride, the 
acyl derivatives lose water and form acridine 
derivatives. Formyldiphcnylamine gives acri- 
dine 

The acetyl compound yields methylacridine 
(Bornthson and Bender, Bor. 1883, 16, 767). 
Diphenylamine also gives acridine by heating 
with chloroform and zinc chloride or aluminium 
chlorido * 

(0flH 6 ) 2 NH+(mil,=C # H 4 / ^C e H 4 +3HCl 

(O. Fischer and Korner, Bor. 1886, 17, 101). 
With excess of oxalic acid, diphenylamine is 
converted into diphonylamino blue 

/VV nh-g.ii, 

3(0 8 H 6 ) 2 NH+C0 2 =0^C fl H 4 NHC fl H 6 +2H 2 0 

Carbon tetrachloride reacts like oxalic 
acid, and gives the same blue colour. With 
sulphur, thiodiphenylamine, the parent sub- 
stance of methyleno blue, is produced : 

(C,H,),NH+2S=C,5<^ N s H \C,H,+H ! S 

(Bernthsen, Ber. *1883, 16, 2897). When tho 
vapour of diphenylamine is passed through a red- 
hot tube, carbazole is formed : 


C H 

C(,H 5 ) 1 NH=j' *\NH+H, 

(Graebe, Annalen, 167, 127) ; and the latter is 
also obtained from thiodiphenylamine and 
copper powder (Goske, Ber. 1887, 20, 233). 

Tests. — A solution of diphenylamine in cono. 
sulphuric acid gives a deep indigo-bluc colour 
with nitric, nitrous or chloric acid (Ber. 1912, 
45, 2641 ; 1913, 46, 2286; Chom. Zoit. 1912, 26, 
1239; Bull "Boc. (Jhim 1914, (14), 15, 186. The 
commercial product is a pale-yellow solid, melting 
not much below 54° ; it should contain no oil, 
possess no unpleasant odour, nor turn brown on 
exposure to air. 

Derivative y. — By passing chlorine into a 
solution of diphenylamine in acetic acid, a 
tetrachlorodiphenylamine is formed. 4- chloro- 
2 6 dinitrodiphenylamine has been prepared 
(Ullmann and Shrirang, Ber. 1911, 44, 3730. 
Bromine in alcoholic solution produces a tetra- 
bromodiphenylamine ; in acetic acid, a hoxa- 
brorno- derivative ; and at a high temperature m 
presence of iodine, an oeto- and deea-bromo- 
compound. Dnododiphenylarnino is formed by 
tho action of iodine in alcoholic solution in 
prosonco of mercuric oxide. Bromine deriva- 
tives of nitrodiphenylamine are also known 
(H. and P. Ryan, Proc. Roy Irish Acad 1919, 
34, 218). By nitration in acetic acid solution, 
a tetranitro- derivative is formed, whilst direct 
nitration yields a hexanitro- compound, crystal- 
lising in yellow prisms, and melting at 238°. The 
latter has strongly acid characters, and gives an 
ammonium salt which is used as a yellow dye 
known as aurantia ( qv .). Nitrosodiphenylamine 
is obtained by acting upon the base with amyl 
nitrite. 

Alkyl Derivatives — Methyldiphenylamino is 
obtained by heating together diphonyiamine ( 100 
parts) cone, hydrochloric acid (68 parts), and 
methyl-alcohol (24 parts) for 10 hours to 260° in 
an autoclave (Girard, Bull. Soc. chim. [ii.] 23, 2). 

It is a liquid ; b.p. 282°. The ethyl derivative is 
obtained in a similar way ; b.p. 293°. The amyl 
derivative boils at 330°-340°. Benzyl chloride 
produces a benzyl derivative which is used in 
the preparation of viridine dnd alkali green. 

Ammo- Derivatives. — 2-Chloro-5-nitroben- 
zeneswlphonic acid combines with p-phenylenodi- 
amino to form 4-nitro-4-aminodiphenylamine 
sulphonic acid g() 3 p[ 

N0 O---C>‘ 

which, on reduction, gives p-diaminodiphenyl- 
amine sulphonio acid (Baoyer & Co., D. R. P. 
86250, 1894; Farb. vorm. Meister, Lucius and 
Briining, D. R. P. 265197, 1914). Similar 
derivatives are. obtained by the action of 
p-aminophenol, aminophcnol sulphonic acid, and 
p-aminosalicyhc acid. The sulphonic acid group 
may bo removed by heating with dilute acids 
under pressure (Meister, Lucius, and Briining, 
1). R. P. 112180, 1899). Paraphenylenediamine 
and phenol in presence of copper salts and a 
solution of hypochlorite are oxidised to p-amino- 
p-hydroxydiphenylamine ( Aktien Gesell. D. R. P. 
204696, 1907). Aminohydroxy diphenylamine is 
also obtained by the electrolytic reduction of 
w-nitrodiphenylamine (Piccard and Lassen, J. 
Amer. Chem, Soc. 1918, 40, 1079). Dipfcenyl- 
amine derivatives prepared by the action,* 
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of primary aromatic bases euoh as p-phenylene- 
diamine, p- aminophenol, and aminosalicylic acid 
on (1. 3. 4)-dinitrochloro benzene, (1.3.4.6)-di- 
nitrodichlorobenzene, and (l,4.3)-nitrochloro- 
benzene sulphonic acid, are used in the prepara- 
tion of sulphide colours, of which the most im- 
portant is dinitroxydtphenylamino 

C,H,(NO f ) a NH-C,H 4 (OH) 
obtained from p-aminophenol and dmitrochloro- 
bonzene. Phenoxydinitrodiphenylammo is ob- 
tained from 1 3 dichloro 4 0 dmitrobenzonc, 

f otaRsium phenato and aniline (Borscho, Tier. 
917, 50, 1339). 

liiphenylaminedicarboxylic acid is obtained 
by the action of anthranilic acid on o-chloro- 
benzoic acid in presence of finely divided copper. 
Other amino-acids behave similarly (Meister, 
Lucius, and Briinmg, 1). R 1’. 148179, 1902; 
Purgotti, Gazotta, 1914, 44, i, 386) 

■Diphenylamme combines with formaldehyde, 
and the product forms an additivo compound 
with sodium bisulphite 

r(«.Hi 1 NJ I +HHO,Na 

-=(^H 6 hN-CHpS0 3 Na4(f , 6 H B ) 2 NH 
(Bad. Anilin-Sod. Fab. 1). R I* 158718, 1904) 
For mtro- derivatives, see Borschc and Rant- 
schelf, Annalon, 1911, 379, 152; li Lmke, 
J. prakt. Chem. 1915, n. 91, 202; Eckert and 
Steiner, Monatsh 1914, 35, 1153; Mcldola, 
Foster and Bnghtman, Trans 1917, 111, 546; 
Ryan and Glover, Proe. Roy. Irish Acad. 1918, 
34, [B] 97, 194 ; J. Soc. Chem. Ind. 1918, 762, A ; 
van Duin and van Lennep, Rec. trav. chim. 
1919, 38, 358; Hof man and Dame, J. Amor. 
Chem. Soc. 19 L9, 41, 1413. .1 B. C. 

PIPHENYLAMINE BLUE v. Triphenyl- 

' METHANE COLOURING MATTERS. 

DIPHENYLAMINE ORANGE v.Azo- colour- 
ing MATTERS. 

DIPHENYLBISDIAZONIUM CHLORIDE v. 

DlAZO- COMPOUNDS. 

DIPHENYL BROWN, -CATECHINE, -CHRY 
SOIENES, -CITRONINE, -FAST BLACK, -FAST 
YELLOW, -GREEN, -ORANGE, -RED v. Azo- 

COLOURING MATTERS. 

DIPHENYL-DIMETHYLOLID 

Q-CO-O-0 

The dilactone of dihydroxy-diphenyl dicarhoxylic 
acid, is the mother substance of a small series 
of colouring matters, of which but one natural 
representative, ollagic acid, is as yet known to 
exist. The mothylolid grouping — CO — O — 
present in the compounds lias a feebler chromo- 
phoric character than the carbonyl itself, and 
on this account the (typing properties of tho 
members of this class are inferior as regards 
strength to thoso of the benzophenono, flavone, 
and allied dyestuffs. That the diphenyl linkage 
hero exerts an influence is certain, for gallo- 
tannin containing as it does digalloyl nuclei : 

( OH) 9 C! 6 H 2 — CO — 0 — C 8 H 2 (OH) 2 — CO — O — 
dyes only with iron and titanium mordants, 
and again such an efloct is clearly seen by a 
comparison of bonzophonane and fluorenono : 



for whereas the former is colourless, the latter 
possesses a strong yellow tint. 

Though diphenyl-dimethylolid is at present 
unknown, diphenyl- methylofid : 



needles, melting at 92-5°, has been prepared by 
various methods, and of those that of Richter 
(J. pr. Chem. [21 28, 294), who obtained it by 
the action of phosphorus oxychloride on ethyl 
sahcylato : 


( I °H 


l J — ( 'O'OJ'It 


is the simplest. 

Colouring matters derived from diphenyl- 
mothylolid itself do not appear to exist in 
nature, though certain of them can be readily 
prepared by the action of alkali on diphenyl di- 
methylolid compounds, in which case hydrolysft 
followed by tho elimination of a carboxyl group 
occurs : 



By a more drastic action of the alkali, hydroxy- 
diphenyl derivatives are produced : 


OH COOH OH 

0- .O - 0-=0 

Interesting is the fact pointed out by Graebe 
(Bcr. 1903, 36, 214) that by distillation 'with 
zinc-dust diphenylmothylolul yields fluoreno; 



in addition to diphenyl and mcthyldiphenyl. 
Formerly tho production of the first-named 
hydrocarbon from ellagic acid proved a stum- 
bling-block in attempts to obtain a clear con- 
ception of its constitution. A. G. P. 

DIPHENYLENEMETHANE v. Fluorenb. 

DIPHENYLHYDRAZINE v. Hydrazines. 

DIPHENYLHYDRAZONES v. Hydrazonbs. 

DIPHENYLKETONE v. Benzophenone and 
Ketones 

DIPHENYLMETHANE was first obtained by 
Jena, in 1870 (Annalcn, 155, 86), by the dry 
distillation of barium diphonylacetato 
[(C t H s ),CHC001 a Ba 

According to Zincke (Annalen, 159, 374), it 
is produced by the action of finely divided 
copper, iron, or zinc or their chlorides, on a 
mixture of benzyl chloride and benzene or by 
heating 5bonzoylhenzoic acid with soda-lime. 
Ffiedel and Crafts (Bull. Soc. chim. [ii.) 41, 324) 
and Schwartz (Ber. 1881, 14, 1520) obtained it 
by the action of benzene on methylene chloride in 
presence of aluminium chloride ; E. & 0. Fischer 
(Annalen, 194, 253), as by-product in the 
formation of triphenylmfthano from chloroform 
and benzene in presence of aluminium chloride ; 
the Friedel-Crafts reaction applied to aromatic 
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Alcohols in presenoe of benzene (Huston and 
Friedemann, J. Amer. Chem. Soo. 1910, 38, 25) ; 
and Hirst and Cohen (Chem. Soo. Trans. 1895, 
07, 820), by the action of the aluminium* mercury 
couple on a mixture of benzyl chloride ana 
benzene. It is also formed by the reduction of 
bonzophenone (Zincke, Thomer, Ber, 1877, 10, 
1473 ; Staedol, Annalen, 194, 307 ; Graobo, 
Ber. 1874, 7, 1624), and by the action of phos- 

K horus pentoxide on benzyl ethyl other (v. 

[oyer, J. prakt. chem. 1910, li. 82, 538). But the 
methods which have found a technical application 
in the production of diphenylmethane derivatives, 
as well as of the parent hydrocarbon, arc thoso of 
(1) Meyer and Wii rater, which consists in heating 
a mixture of benzyl alcohol, benzene and eonc. 
sulphuric acid (Ber. 1873, 6, 093), and of (2) 
Baeyer, in which benzene, formaldehyde, or 
methylal are shaken together in presence of 
cone. Bulphuric acid (Ber 1873, 6, 221). 

CH 2 0+2C fl H 6 =CH 2 (C e H 6 ) 2 +H,() 

, Properties. — Diphenylmethane crystallises in 
long, colourless, prismatic needles, possesses a 
fragrant smell, melts at 26°-27°, and distils 
without decomposition at 261°-262". It dis- 
solves easily in alcohol, ethor, and chloroform. 

Reactions. — On oxidation with chromic acid, 
it yields benzophenonc. On passing the vapour 
through a rod-hot tube, it is converted into 
o-diphenylcnemethane. On heating it with 
sulphur to 250°, it gives tetraphenylethylene, 
and on prolonged chlorination with iodine 
chloride at 350° it breaks up into hexachloro- 
benzene and carbon tetrachloride (Ruoff, Ber. 
1876, 9, 1485). 

Nitro- Derivatives . — On nitration, diphenyl- 
methane yields two dinitro- derivatives, orte of 
which melts at 183°, and the secctod. which is the 
chief product, at 118\ Other dinitro- deriva- 
tives are obtained from mtrobenzy] chloride, 
benzene and aluminium chloride, nitrobenzyl 
alcohol, benzeno and sulphuric acid or nitro- 
benzene, formaldehyde and sulphuric acid, in a 
similar manner to the parent hydrocarbon. 
Also nitrohydroxy- derivatives can lie prepared 
by condensing nitrophenols and their ethers 
with formaldehyde and cone, sulphuric acid 
(D. R. P. 72490). The prolonged action of 
nitric and sulphuric acids gives rise to a tetra- 
nitro- derivative. 

Amino- Derivatives. — The only substances 
possessing at the present time an industrial 
value are the amino- derivatives of diphenyl- 
methane. They may be obtained by <tho re- 
duction of the nitro- derivatives by tin and 
hydrochloric acid ; but the more common 
method is to effect condensation between the 
aromatic base and formaldehyde, a general 
rooess for winch a number of patents have 
een granted in recent years. Thus, by heating 
aniline, aniline hydrochloride and formaldehyde, 
40 p.c., to 100\ 4.4 / -diaminodiphenylmethane 
is produced (D. R. PP. 53937 and 55505). The 
reaction appears to occur in two staget, for on 
heating aniline, formaldehyde, and a strong 
alcoholic solution of potassium hydroxide, the 
following change takes place : — 

CH 8 0-f 2C.H.NH, 

=C 8 H 5 NHCH 2 NHC 8 H 8 4 H s 0 

and the latter when heated with aniline and its 
hydrochloride pasrfee into the diphenylmethane 


| derivative. A tetramethyldiamino- oompound 
is obtained in a similar manner from dimethyl- 
aniline and formaldehyde in acid solution. 
Similarly, a diphenyldiamino- derivative 
C 8 H 5 NH C 6 H 4 CH 2 C 8 H 4 NH-C 8 H 8 
has been prepared from diphenylamine and 
formaldehyde (D. R. P. 58072), a tetramethyl- 
diaminodinydroxy- derivative 

(OH 3 ) 2 N(OH)C 8 H 3 -GH 2 'C 8 H 3 (OH)N(CH # ) 8 
from diinethyl-w-amino phenol (D. R. PP. 63081 
and 67001), and a diothoxydiaminodiphenylme- 
thano NH 2 ((: 2 H 5 O)0 e H 3 -CH s -C.H 3 (OC 2 H 8 )NH a 
from o-phenctidine and formaldehyde in presence 
of hydrochloric acid (D. R. PP. 70402, 72490, 
73951, 73946). 

Other methods for obtaining 4.4'-diamino- 
diphenylmethano are (1) the action of p-amino- 
benzyl alcohol on aniline hydrochloride in 
aqueous solution (D. R. P. 90762), and (2) 
heating p-aminobonzylaniline with hydrochloric 
acid (I). R. P. 107718) 

NH 2 C e H 4 -CH.-NHG 8 H 6 

=NH 2 C 8 H 4 CH 2 -C 8 H 4 NH 8 

The 4'4 diaminodiphonylmothanc has boon 
prepared from p-ammobenzylanilino by beating 
with aniline and similar aromatic bases 
NH 2 C fl II 4 -C HjNIl 'C 6 H 5 f- 0 8 H 5 N H 8 

=NH a C 9 H 4 OH a C 8 H 4 -Nli 2 +C 6 H 6 NH a 
(v. Braun and Krubor, Ber. 1913, 40, 3952). 

For diaminoditolyimethane see Farb. vorm. 
Mcister, Lucius and Briimng, D. R. P. 252910, 
1913. 

All' dichloro 2.2' diamino diphenylmethane 
is described by Duval, Compt. rend. 1912, 154, 
780, and by Meyer, Ber. 1914, 47. 1161, who pre- 
pared it from formaldehyde and o-chloraniline. 

A tetrahydroxy- derivative was obtained by 
Ghosh and Watson (Chem. Soc. Trans. 1917, 
111, 82 D from quinol and formaldehyde. 

Aryl derivatives of diphenylmethane, pre- 
pared by the Gngnard reaction, are described 
by Boudroux, Compt. rond. 1915, 161, 131. 

Sulphonic acids of diphenylmethane have 
heon obtained by Wedekind and Schenk, Ber. 
1911, 44, 198, and Staudinger and Pfonninger, 
Bor. 1916, 49, 1941. 

Diphonylmethano mono-, and dicarboxylic 
acids nave been prepared by Mitter, Ber. 1912, 
45, 1207, by the action of oxalyl chloride in 
presence of aluminium chlondo on diphenyl- 
methane. J. B. C. 

DIPHENYLMETHYLAMINE. MethyUi- 

phmylam,ine v. Diphenylamine. 

DIPHENYLTOLUQUINOXALINE v. Azjnes. 

DIPICOLINIC ACID v. Bone oil. 

DIPLOSAL. The salicylic oster of salicylic 
acid OH-G fl H 4 COO-C 6 H 4 -COOH, a white cry- 
stallino powder, m.p. 147° ; almost insoluble in 
water and dilute acids. Used in the treatment 
of rheumatic diseases ( v . Synthetic drugs). 

DIPPEL’S OIL v. Bone oil. 

DIPROP/ESIN. A derivative of urea con- 
taining the residues of 2 mols. of propeesin. 

DIPROPYLACETIC ACID v. Octoio acids. 

DIPYRIDINE v. Bone oil. 

DIPYRIDYL v. Bone oh,. 

DIRECT BLUE, -BROWN, -GREY, -INDONE 
BLUE, -ORANGE, -ROSE, -YELLOW v. Azo- 
colouring MATTERS. 

DISALOL. Trade name for phenyl salioyl- 

salicylate. 
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DISAZO- and TETRAZO- COLOURING 

MATTERS. The terms 4 disazo ’ and 4 tetrazo ’ 
are both used to indicate the presence o! 
two azo- groups (-N:N-) in the molecule of a 
colouring matter, but at the same time they 
indicate the mode of preparation of such dye- 
stuffs rather than, stnctly speaking, their con- 
stitution. Tetrazo- colouring matters may be 
regarded as a special division of the disazo- 
colouring matters, as will be seen from the follow- 
ing classification. 

Primary disazo -colouring matters are obtained 
by the action of two molecules of a diazo- com- 
pound (derived either from two molecules of an 
amine or from two different amines) on one mole- 
cule of an amine ( e.g . m-phenylenediamine, m- 
tolylenediamine), a phenol (e.g. phenol, resor- 
cinol, a dihydroxynaphthalene) or an amino- 
phenol (e.g. ammonaplitholHulphonic acids). 
The position taken up by the diazo- groupB may 
be illustrated by the commonest cases (see also 
Azo- coloujitng matters). m-Phcnylenedia- 
mine : The azo groups occupy tho two positions 
para- with respect to the two ammo- groups. 
Whon one of tnoso para- positions is occupied, 
as in m-iolylcnediamme, the second azo- group 
enters the ortho- position with rospect to the 
second rmino- group ; thus : 

N- 

cnO-** 

NHpN 2 

Phenol, a-ruipJtthol. The para- and ortho- 
positions with rospcct to the hydroxy- group 
are occupied. 

Resorcinol. Two isomeric disazo- dyestuffs 
may be formed. When the combination is 
effected in alkali hydroxide solution, the sym- 
metrical compound (I.) is obtained, but when 



tho reaction takes place in the presence of sodium 
acetate or sodium carbonate, the unsymmetrical 
compound (II.) is produced. 

Dihydroxynaphthalene. Here the azo- groups 
enter the usual position with respect to tho 
hydroxy- groups, as would be expected if these 
groups represented two independent naphthols 
(cf. Azo- COLOURING MATTERS). 

Aminonaphtholsvlphonic acids. I» this ease 
also, the compound may bo regarded both as an 
independent naphthylamine and as a naphthol ; 
one molecule of the diazo- compound is combined 
in acid solution, when the position taken up by 
the azo- group is tho •same as if the substance 
were a naphthylamine, and tho Becond molecule 
is combined in alkaline solution as if the sub- 
stance were a naphthol. 

Secondary disazo- colouring matters are ob- 
tained by the action of a diazoazo- compound on 
an amine or phenol ; their general formula is 
X'Na'Y'N.'Z, the essential difference from tho 
primary class being that Y does not contain 
auxoohrome groups (NH 8 or OH). 

Tetrazo- colouring matters are produced from 
diamines, both amino- groups of which are 
diaaotteed (i.e. Hie diamine is tetrazotised) and 
combined with two molecules of the same or 


different components (amines or phenols). 
These are mostly derived from benzidine, toli- 
dine, dianisidine, &o. ; some, however, are pro- 

n d from p-phenylenediamine, and in this case 
it tetrazotisation cannot conveniently be 
effected, but the monoaoetyl compound is first 
diazotised and combined, the acetyl- group being 
then eliminated and the free amino- group iB 
diazotised and combined with the second mole- 
cule of a component. 1 When the first com- 
bination has been effected with an amine (in 
practico nearly always a naphthalene deriva- 
tive), and in consequence a diamino- compound 
is produced on saponification, treatment with 
ono molecule of nitrous acid leads to the diazoti- 
sation of the benzenoid amino- group, that 
attached to tho naphthalene ring not being 
attacked. 

For the sake of completeness, it is necessary 
here to describe those dyestuffs which contain 
three or more azo- groups. 

Trisazo- colouring matters are obtained in the 
following ways. (1) Combination of three mdle- 
oules of a diazo- compound with a phenol. This 
method is of only theoretical importance, and 
has hitherto been applied only to the cases of 
phenol (Wallach and Fischer, Bor. 1882, 15, 
2814; Grandmougin and Freimann, ibid. 1907, 
40, 2062 ; J. pr. Ghem. 1908, lii.] 78, 384 ; Heller 
and Notzel, ibid. 1907, [n.J 70, 58 ; Heller, ibid. 
77, 189), phloroglucinol (A. G. Perkin, Chem. 
Soc. Trans. 1897, 71, 1154), and resorcinol 
(Orndorff and Ray, Ber. 1907, 40, 3212 ; Amer. 
Chem. J. 1910, 44, 1). (2) Combination of one 
molecule of a diazoazo- and a diazo- compound 
with a phonol, amine, or ammophenol. Tho 
diazoazo- compound may be produced, for 
example, by diazotimng an aminoazo- compound 
such as p-sulpHobenzenoazo-a-naphthylamme, or 
the intermediate product, obtained by com- 
bining a tetrazotised diamine (benzidino, See.) 
with one molecule only of a component (such as 
salicylic acid, &c.), may boused, ortho formation 
of tho diazoazo-compound may bo left to the 
last stage of the operation, for example, a 
tetrazotised diamine (benzidine) may bo com- 
bined with one molecule of an aminonaphthol 
(H acid) in acid solution, a diazo- compound 
(diazo benzene) now added in alkaline solution 
and the diazodisazo-compound coupled with a 
component (m-phenylenediamine or phenol) 
(Erie direct black GX and Eric direct green DT). 
(3) Combination of a diazotised tetrazo- colouring 
mattor (which must, of course, contain a diazo- 
tisahle* amino- group) with a phenol or amine, 
either in substance or on the fibre. (4) Com- 
bination of a triamine (e.g. magenta), having each 
amino- group diazotised, with three moleoules of 
a component." 

Tefrakisazo- colouring matters, containing 
four azo- groups, are obtained (1) by the com- 
bination of two molecules of a diazoazo- com- 
pound with a phenol or amine (e.g. Anthracene 
acid brown B, v. Azo- colouring matters) ; (2) 
by combining two molecules of a diazo- compound 
with one of a tetrazo- colouring matter (e.g. Benzo 
brown G) ; (3) by combining a tetrazo- com- 
pound , with two molecules of a monoazo- 
colouring matter (e.g. Hessian brown BBN) ; 

1 An alternative methods first to combine diazotised 
p-nltroaniline with the component, then to reduce the 
nitro- group with sodium sulphide, and diaiotlse the 
amino- group thus formed. 
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(4) by tetrazotising a tetrazo- colouring matter 
(containing two diazotisable amino- groups) and 
combining with two molecules of a component 
(e..g. Dianil black PR) ; (5) by diazotising a tris- 
azo-colouring matter (containing one diazotis- 
able amino- group) and combining with a phenol 
or amine either in substance or on the fibre. 

Colouring matters, containing more than four 
azo- groups, can be prepared, blit, generally 
speaking, their tinctorial power is little or no 
greater than thoso described above. J. C. C. 

DISINFECTANTS. A disinfectant is an 
agent that will kill lower organisms which act 
injuriously on the higher formR of life. Al- 
though most disinfectants are also antiseptics 
and deodorants, a clear difference between the 
three classes lies pn manly in their uses and 
objects. Disinfectants are germicides : anti- 
septics may only retard or inhibit the growths. 
It is not essential for a disinfectant, to effect 
absolute sterility : in practical disinfection, 
there is nearly always a residue of highly 
resistant and non-pathogeme organisms. To 
destroy those involves great, additional time and 
cost, and may evon be disadvantageous when 
they act as natural scavengers in removing 
objectionable organic matter and antagonising 
dangerous forms. The choice of an agent will 
obviously depend on considerations of safety, 
convenience, and economy in use 

Inorganic Substances. 

Ordinary oxygen acts Blowly by the aid of 
aerobic organisms. Its activity is slightly in- 
creased by compression ; it becomes exceedingly 
energetic when converted into Ozone. Since 
ozone is decomposed by heat and absorbed 
by most, metals and by othorwiso inert organic 
matter, the chief conditions for success and 
economy in working are (1) avoidance of 
sparking ; (2) keeping the gas and tho appa- 
ratus cool ; (3) straining the air, and also 

partially drying when it is desired to prevent 
the formation of oxidos of nitrogen ; (4) par to 
in contact with ozone must bo made of, or 
lined with, unoxidisable materials : (5) tho 

grosser organic impurities, as well as sul- 
phuretted hydrogen and ferrous iron, should bo 
removed before disinfection. The use of ozone 
on tho largo scale for purifying water is now 
well known, and the principal types of apparatus 
have been described by Don (Inst. Meehan. 
Engineers, Jan. and Fob. 1909 ; see also 8. 
Rideal, J. R. Ran. Inst. 30, 1, 1909; Rideal 
found at St. Maur Waterworks, Paris, that 
with the sand-filtered (Marne) river water, 
containing a fluctuating number of bacteria, 
28-320 per e.c . with a mean frequency of coh 
organisms of 1 per 100 e.c. (in moro than one- 
third of the tests it was 1 in 40 e.c.), ozone in 
the proportion of about 0 0 gram per cubic 
metre of water (0 lbs. per million gallons) 
destroyed all bacteria except an average of 
1 per c.o. of innocuous spore- bearing organisms 
of the mbtihs type. The ozonised air was 
applied in a De Frise tower at the rate of about 
40 p.o. of the volume of water treated, and 
contained 1 '4—1 *8 grams of ozone per 1 cubic 
motre (determined at frequent intervals by 
neutral potassium iodide). An advantage of 
ozone is that in disinfecting it adds no mineral 
matter to the water, and it has been fully 
proved that where water is not too contaminated 
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with organic matter, sulphuretted hydrogen, or 
ferrous iron, ozone will destroy all pathogenio 
organisms at a reasonable oost. In the dry 
state, like chlorine, it has very little action on 
micro-organisms, and therefore does not act 
powerfully on bacilli in air. 8 grams per cubic 
metre of air in a room ordinarily closed accom- 
plish disinfection in 3 hours. Its use as an 
adjunct to ventilation has often been proposed, 
but its irritant action on the lungs prohibits its 
uso in these quantities. It is most active 
when moist. Ozonised air, under pressuro, has 
been used successfully for destroying moulds and 
bacteria m brewers’ foul casks, and has been 
introduced into wort in the latter part of the 
fermentation ‘ to destroy noxious germs ’ (Fng. 
Pat. 22355, 1898) Will and Beyersdorfer 

(Zeit. ges Brauw. 1912, xxxv. 73) showed that 
air containing 0*0 -0*7 gram of ozone per cubic 
metre destroyed organisms miniicable to the 
brewery. On account of its rapid consumption 
by oxidisable substances, it ran only be effective 
in disinfecting the surfaces of organic solids. 
At tho Pittsburg Honiceopathic Hospital, 
ozone, besides purifying the water supply, is 
used for sterilising instruments, bandages, &c., 
and for dressing wounds and ulcers. In cold 
storage it would probably be useful for destroying 
injurious organisms and odours, thereby possibly 
lessening the amount of refrigeration required. 
Many attempts have been made to utilise it for 
disinfecting, combined with bleaching, textiles, 
feathers, and other surface-contaminated articles, 
ami have been only limited by questions of 
expense. 

Patent 4153 of 1902, for ‘fixing ozone in 
liquids,’ states that pure acetaldehyde dissolves 
2823 times its volume of ozone ; that 10 p.c. 
solutions of acetaldehyde in water dissolve 536, 
in alcohol 748, in ether 859 volumes of ozone ; 
that these solutions are very stable, and have 
boon successfully used in surgery. 

Hydrogen peroxide. The first experiments 
(Ber. 15, 1585) showed that this was a bacteri- 
cide which, in the dilute state, appeared inert to 
enzymes such as diastase, 1 ptyalin, pepsin, and 
pancreatin ; did not injure foods ; and is also 
innocuous and non-corrosive. These properties 
suggested its use for killing pathogenic organisms, 
and those that cause change in articles of diet, 
especially milk (Renard), and also as an internal 
disinfectant. Altehoefer (Oentr. Bakt. 1890, 
viii. 129) and most, later observers give 1 per 
100 of H 2 ^ z as required to destroy pathogenic 
organisms in 24 hours. In 1903 S. Rideal 
found that in milk raised to 50", then treated 
with 0 6 gram of lf s 0 2 per litre, and the heat 
maintained at. 52°-55° for 8 hours, pathogenic 
organisms anti even the spores of B. anthracis 
and mbtths were killed, the milk was not 
physically altered, and kept for over a month 
unchanged in the closed rocoptacles (Budde’s 
patent 10903, 1903). Similar results have been 
obtained by Lcwin and others, by Hewlett 
(Lancet, Jan. 27, 190G), and Reichel (Zeit. f. 
Hyg. 1908, lxi. 49). So that hydrogen peroxide 
aids pasteurisation, and enables it to be efficient 
at a lower temperature. The solution is 

1 Tho enzyme catalase (present in malt, yeast, milk, 
and many organic liquids) and hydrogen peroxide 
mutually decompose one another (Van Laer, J. Soc. 
Clicm. lml. 1 900, 489; 1909,950); but the above state- 
ment remains practically true. (See alto ibid. 1909, 
1207.) 
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frequently used as a spray, gargle, or dressing, 
and has had a wide application for war service 
in dealing with gas gangrene infected wounds 
(see reports byCapt. M. Page, R.A.M.S., Lancet, 
Sept. 1914 ; Col. Makins, ibid. August, 1914). 
Peroxide of hydrogen is present in * Samtas ’ 
(?.v.). ‘ Perhydrol 7 is a 30 p.c. or 100 volume 

solution of H 2 Ojj. The use of peroxide of 
hydrogen in medicine depends partly on its 
bactericidal action. Registered names of solu- 
tions aro * Dioxogen ’ (3 pc.), ‘Hydrozone/ 
‘ Glycozone ’ and ‘ Pyrozone ’ (dental practice) ; 
and ‘ Peroxols ’ are mixtures of H 2 0 2 with 
various disinfectants. Peroxides of sodium, 
magnesium (‘ Hopogan ’), zinc (‘ Ektogan ’ or 
‘ Dermogen ’) and mercury, generate oxygon or 
H 2 0 2 , and have analogous use. Hydrogen per- 
oxide is more stable in ether than in water ; 
‘ ozonie ether * is an ethereal solution containing 
about 1-2 p.c. of }I 2 0 2 , which lias been used m 
whooping-cough and scarlet fever. ‘ Pcrhydnt 1 
or 4 Hyperol ’ d "casings, containing H 2 0 2 , urea, 
and a traoe of citric acid, have recently been 
introduced. 

Foregger and Philipp (J. Soc. Chem. Tnd. 
1906, 298) treat at length on the ajiphcations of 
peroxides, and suggest calcium peroxido (‘ Bi- 
ealzit ’) instead of H 2 0 2 for sterilising milk, 
as more lasting in effect. For water sterilising, 
tablets of magnesium peroxide and citric acul 
are made ; Park found that 0*1 gram of this 
peroxide killed upwards of 2 million typhoid 
organisms in 150 c.c. of water in 30 minutes, 
and 0 2 gram gave the same result in 1 minute 
Although Cronor (Zeit. f Hyg 1908, Ivni. 487) 
obtained sterility in water with the use of 
0*7-1 -0 gram ]VlgO ? per litre, more recent 
investigations by Young and Sherwood (J. Ind. 
Eng. Chom. 1911, 3, 495) have indicated that 
over five times this quantity must be used to 
ensure sterility. Patents for similar uses of 
H 2 0 2 and other peroxides are very numerous. 

Nitric acid and oxides of nitrogen. The 
corrosive action of nitric acid limits its value as 
an active disinfectant J. (1 Smith used it 
with success in 1780 for fumigation in a violent 
outbreak of typhus fever in the British fleet 
(Vallin, J)6Binf octants, 1882, 205). Disinfection 
of rooms by nitrogen peroxide was carried out 
during the siege of Paris ; 48 hours were occupied, 
and trie cost was very high. Severe bronchitis 
and several deaths from poisoning have resulted 
from breathing this gas, artel nitric disinfection 
has been replaced by safer methods, except in the 
local destruction of bacteria as in laboratories. 

Sulphur, Dusting with sulphur is used for 
killing insects and fungi on plants, os sulphurous 
acid is gradually -formed. The use of sulphur 
internally is due to Ms forming sulphuretted 
hydrogen in the system, and thereby destroying 
or enfeebling micro-organisms and higher 
parasites. A solution containing calcium poly- 
sulphides, made by boiling milk of lime with 
sulphur, has been extensively used os an in- 
Booticide {see Agrie. Bull. 319 and 320, Ney 
York, 1909). 

Sulphur dioxide disinfection is still a subject 
of controversy, but certain of tho unfavourable 
results adduced have been due to faulty applica- 
tion. Spores are not generally killed by it, and 
the dry gas has very little effect on micro- 
organisms, but it destroys all vermin, and there- 
fore is of special value in combating insect-borne 


diseases. As to its effect on the lungs, about 
5 p.o. in the air has produced fatal results, but 
£■ p.c. can be tolerated for some time, and a 
larger amount with the protection of a wet 
towel alkalised with washing soda. 1 lb. of 
sulphur burnt in a room of 1000 cubic feet pro- 
duces theoretically an air-content of H5 p.c. 
SO,, and requires 0-56 lb. of water to turn it into 
sulphurous acid. Such an amount of moistening 
is, however, not necessary, on account of the 
natural moisture of the air. Prescriptions as to 
the proper quantity of S0 2 have varied gTeatly, 
partly because in some cases it has been con- 
sidered sufficient to destroy only a special 
organism. Klein, Houston, and Gordon (Report, 
Med. Off. L.O.C. 1902) found that with 34 lbs. 
S per 1000 cubic feot in 24 hours, B. typhosus, 
diphtheria pyocy uncus , and Staph, p. aureus 
wero killed, but not anthrax spores nor B. 
tubercubsis in dried sputum. In America, 5 lbs. 
per 1000 cub. feet have been found sufficient to 
kill all spore-bearing organisms after 16 houis* 
oxposure (Rosenau) S. Ridoal’s results with the 
liquefied gas were as follows. Silk threads and 
paper slips infected with B. call and Staph, p. 
aureus were sterilised aftor 24 hours’ exposure in 
a soaled roomof 1500 cub. feet, into which 20 ozs. 
of S() 2 wero passed. Subtihs spores were not 
killed. With 10 ozs., the threads were again 
sterilised, but the paper slips were not. When 
shallow pans of water were exposed in the room 
to supply moisture, the S0 2 content of the air 
was actually lowered after the 24 hours (through 
absorption by the water), from 0-5 p.c. present 
in the previous experiment to 0-2 p.c., and the 
organisms were still living. Therefore moisture 
should only be supplied by washing or lightly 
spraying tho surfaces. In chemical disinfection, 
it is generally recommended that wallB should 
be previously stripped and fabrics spread out on 
lines ; but spreading the infection must be care- 
fully avoided. Tho room must be sealed by 
obvious moans, and, observing this condition, 
heating iH advantageous. Liquid KO a in 
canisters is more convenient than burning 
sulphur, and avoids risk of firo : one pound of 
tho liquid = 5£ cub. feet of tho gas. S0 2 has 
the disadvantage that it attacks metals and 
organic substances from the production of sul- 
phuric acid ; a good deal is also absorbed by 
plaster. Tt has little penetrating power, and 
therefore bedding and thick articles must be 
removed and sterilised by heat. Tho 1 Clayton 
method 5 of disinfection is much used for the 
holds of ships, and has been favourably’reported 
on by Wade and F.yre for the Local Government 
Board (Rep. 232, 1906 ; and Med. Off. Rep. 
1903-4, 330). Sulphur is burnt in a special 
apparatus, and the gases, consisting of air, 
SO tf and a visible cloud of sulphuric acid, are 
forced in till tho SO, reaches about 10 p.c. of 
the air in the infected space. (For experience 
of its use, see Rev. d’Hyg. Oct. 1902; N.S.W. 
Agric. (Saz. 1900 and 1901). 

« Sulphurous acid is used beneficially as a 
germicidal spray or wash in various parasitic 
affections {e.q. diphtheria), also internally in 
cholera and gastric fermentation, for rectal 
injections, and other allied objects. ‘ Thiocamf * 
is a liquid obtained by#the action of the gas on 
camphor. It can be preserved without pressure 
in well-closed vessels, and <fh exposure to air a 
6-oz. bottle should evolve about 20 litres of SO,. 
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Sulphurous acid and bisulphites are widely May to Ootober inclusive (Food Report 10, 
used for ohecking fermentations and preserving L.G.B. 1909). Soluble borates are used as a 
food. Lehmann states that an amount equiva- larvicide in manure heaps. It has no action on 
lent to 0-004 p.c. of SO, may be allowed without the crops as they, are rendered insoluble (Cook 
injury to health. The Report of the British and Wilson, J. Agric. Research, 1917* 10, 591). 
Departmental Committee on Preservatives, The Halogens, chlorine, bromine, and iodine, 
1901, 26, leaves the matter open. Some act as disinfectants in several ways : (1) they 
commercial preparations are 4 Meat preserve can combine with H, and liberate O t in water ; 
crystals,’ 4 Freeze-em,’ and 4 Hawked anti- (2) they can combine directly with organic 
ferment.’ For objections to the use of sulphites matters, or replace the hydrogen in them, 
in food, see Thresh and Porter, Preservatives, precipitating albuminous substances and render- 
1906, 70-77 ; also an articlo by Durham in the mg them imputroscible, killing organisms by 
J. of Hygiene, April, 1 909. The latter recoin- combining with and coagulating protoplasm, re- 
mends the fixing of a maximum legal limit, not moving their food or rendering it unsuitable, 
exceeding 0-01 p.c. of ‘total sulphur dioxido,’ acting toward them as irritants or direct poisons, 
with a declaration of the amount, but less than also producing substances which have that 
0-001 or 0 002 p.c. might be simply declared as effect. 

a 4 trace.’ Chlorine and the hypochlorites , like other 

Sulphuric acid, like acids generally, is anti- oxidisers, are consumed by otherwise inert 
septio, and in some casos disinfectant. 0-05 p c. organic and inorganic matters present, but in 
(which is a palatable strength) is fatal to Sp. ordinary disinfection leave behind them as 
cholerce in 15 minutes. Stutzor found that this substitution compounds which maintain gormi- 
stfength disinfected iron pipes, cleaning out rust cidal power — the chloramines, hydrazine, and 
and sediment without sensibly attacking the the chloroproteids (Rideal, .1. R. San. Inst. 31, 2, 
metal. With 0-04 p.c. Ivanhoff destroyed 1910). This paper shows that in dilute solution 
cholera organisms in Berlin sewage, and with of hypochlontos the Rideal-Walkcr coefficient 
0-08 p.c. in that from Potsdam. In the labora- of 2-18 for 1 pc. of available Cl is increased to 
tory it was found that 0-035 p.c. kills U typhosus 6-30 by the addition of an equivalent of am- 
in 30 minutes, and 0-07 p.c. in 15 minutes, in monia, remains near this level for 24 hours, and 
impure water infected ordinarily with typhoid, even after 72 'hours has an enhanced value, 
but with very heavy infections the latter strength Therefore, since the coefficient of chlorine itself 
requires 45 minutes. He recommended/) -09 p.c. averages 220 units, that of ammonia less than 
as having advantages over heat sterilisation for 0-7, and ammonium chloride ml, that of the chief 
dealing with the drainage from hospitals and product, chloramine NHuCl, must be over 600 
othor infected areas : the acidity would speedily units ; hence this substance, but for its insta- 
be neutralised on mixing with the bulk of tho bility, would probably be the most valuable of 
sewage ( Brit. Assoc. 1901). disinfectants. It has a pungent odour, hitherto 

Sodium bisulphate lias been introduced by often mistaken for chlorine or hypochlorous acid, 
one of the writers and Dr. Parkes, as a means and gives tho blue reaction with KI and starch, 
of sterilising drinking water for armies in the With excess of ammonia, as in sewages, it 
field and travellers. 15 grains of NaHS0 4 to gradually disappears, forming a salt of hydrazine, 
a pint of water in 15 minutes destroys B. which still has a germicidal value (R. W. 
typhosus and enteritidis , Spirillum cholera % and coefficient of the base at least 24). The action 
internal parasitic worms. In effervescent tab- of chlorine on nitrogenous compounds gives 
loids, yiolding a slightly acid solution, it was compound chloramines, many of which are 
used with success in the South African, Russo- insolublo ; they have a tendency to become 
Japanese, and the European wars. fixed on cellulose, and in this way attack the 

Persulphates give off oxygen when moist, and envelopes of organisms. 1 
are useful as hand disinfectants (Lancot, 1905, Various substituted chloramines have been 
ii. 1106). introduced by H. D. Dakin for use as sterilisers 

Cafibon disulphide, if it .were not for its other and disinfectants. Amongst the more important 
properties, would be a valuable disinfectant and may be mentioned chloramine-T, p-toluene 
preservative. As well as its alkaline compounds, sodium sulphochloramide, p-sulphodichloramino- 
the xanthates, it has been found useful against benzoic acid, and dichloramine T (B.M.S. Aug. 
fungi, and insect parasites such as th& vine 1917). The former, under the title Halozene, 
phylloxera. Ckeandi Bey’s lamp bums it safely has been used for water sterilisation on a small 
for generating S0 2 . scale. 

Boric acid is not a disinfectant, but has a The addition of ammonia solutions to bleach- 
power of restraining bacteria which act in- ing powder solutions preparatory to the sterilisa- 
juriously in foods. Rideal and Foulerton found tion of water has offected a considerable economy 
that 1 in 2000 of a boric mixture, containing in the quantity of materials used in the publio 
3 parts of H 8 B0 2 and 1 part of crystallised water supply at Toronto, Canada, 
borax, keeps milk sweet for 24 hours without The chloramine is about five times as strong 
appreciable effect on digestion. Tho ^British as the corresponding molecular concentrations 
Departmental Committoo alroady referred to,^ of sodium hypochlorite. 

recommend that the only preservatives allowed • The bromamines of the benzene series, the 
to be used in cream, butter, and margarino be naphthaline chloramines and the protein chlor- 
boric aoid, or mixtures of boric acid and borax, amines, are all Btrong germicides, but suffer 
not exceeding 0‘25 p.c. of H 3 B0 3 for cream, and from lack of stability in solution. 

0-5 p.c. for butter and margarine. Later, as this Chloride of lime, or 4 calx chlorinata * (about 
quantity appeared insufficient in the cream 33 p.c. available chlorine), has some advantages 
trade, an official remort by Haraill advised that , Alg0 ^ Cro99 Bevftn and B acon, chem. Soc. 
0-4 p.c. H s BO s should be allowed in cream from Trans. 1910, 244. 
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from being a solid, but is quickly deliquesced 
and decomposed by air, takes some time to 
dissolve, and rives a quantity of insoluble waste. 
Klein found that 1 p.c. of bleaching powder only 
killed less resistant organisms in 24 hours. 
There is, in many respects, a preference for the 
sodium solutions : chlorinated soda or 4 Eau do 
Labarraque ’ (often called ‘ Eau do Javel,’ 
which was originally the potush salt), contains 
about 2*5 p.c. av. Cl ; ‘ Chloros,’ 10 p.c. av. Cl ; 

‘ Antifornnn 1 is a solution of caustic soda and 
hypochlorite used in breweries. Electrolytic 
preparations aro ‘Oxychloride,’ up to 11*5 p.c. 
av. Cl, and ‘ Hormite fluid,’ used successfully at 
Poplar. In tho latter solution magnesia is em- 
ployed as an adjunct in tho electrolysis : it 
contains free hypochlorous aeitl : av. Cl 4*2 to 
4*8 p.c. Tho effective strength for local dis- 
infection is 0*35 p.o. av. Cl, which kills non- 
aatring organisms in 6 to 10 minutes, and 
anthrax and ententidis spores in hours. 
Chloride of lime has the objection that it 
leaves tho surface for a long time damp from 
the presence of calcium chloride. The same 
salt imparts its bitter taste, and increases the 
hardness, when chloride of lime is applied to 
the purification of drinking water, while the 
soda preparations tend to soften the water and 
are not sensible in the flavour. In trials at 
Guildford in 1904 (J. It. San. Inst. xxvi. 891) 
with electrolytic hypochlorite m ‘the proportion 
of 0*75 to 1*0 part per million of av. Cl, one of 
tho writers found that water containing an 
average of 90 organisms per c e. was practically 
sterilised, while after standing 1 £ hours the odour 
and taste were normal, and there was no need 
for further treatment. Candy’s patent, 4212, 
1901, removes excess of av. Cl by filtration 
through coke, Thresli’s, 3023, 1909, by treat- 
ment with metallic, iron. Other mothods of 
removal are suggested : (1) by the addition of 
ferrous salts, subsequently removing tho feme 
salt formed by a ‘ Permutit ’ filter ; (2) by the 
addition of gaseous sulphur dioxide ; (3) by 
the addition of sodium bisulphite. After the 
Maidstone typhoid epidemic, 1897, the infected 
reservoir, mains, and jiipos, were sterilised with 
1 p.o. solution of chloride of lime during 48 
hours : no corrosion of the iron was observed. 
During a similar outbreak at Lincoln, m 1905, 
the water supply was sterilised by sodium 
hypochlorite (av. Cl, 1 per million) with most 
satisfactory results. In 1910 Toronto treated 
its water supply with 014 part per million of 
av. Cl as chloride of lime. Since June, 1909, 
the writers have been applying ‘ Chloros ’ in 
the proportion of 1 to 2 parts av. Cl per million 
to 100,000 gallons daily of the drinking water of 
a town in the north of England : the liquid is 
made practically sterile, colt is absent from 
75 to 85 c.o., and there is no effect on the taste. 
At Cambridge, in 1910, a portion of the supply 
(lower chalk) was treated with ono in 4 to 8 
millions of av. Cl as chloride of lime, and 
Houston found that this minute quantity 
destroyed 66 to 98 p.o. of the bacteria, and edi , 
which was always present before, was after- 
wards absent in 500 c.c. This water, however, 
contained hardly any organic matter. In 
America, treatment of the entire water supply 
of Jersey City (about 40 million gallons per 
day, from the Bookaway river) with chloride of 
lime, has been adopted since the beginning of 


1909 : the proportion used is now 0*2 part per 
million of av. Cl, and the daily examination 
shows that edi is absent from 10 c.c. of the 
treated water. In England, the ‘De-Chlor* 
system was applied at Beading to the pre- 
filtered river water in 1910. Since the war 
chlorino treatment has been adopted for the 
London supply (11th Annual Report, M.W.B.). 

Recently an impulse has been given to the 
sterilisation of water by means of gaseous 
chlorine injected by means of suitable dosing 
apparatus, owing to the convenience of handling 
and transporting chlorine in tho liquid state 
contained in steel cylinders of 100 lbs. capacity. 
Injection into the water may be direct through 
a diffuser, as m the Wallace and Tieman 
apparatus, or indirect through the addition of 
a minor volumo of more concentrated chlorine 
water to the bulk volume, as m the Electro- 
bleach and Patterson plants. NH 3 does not 
seem to enhance the germicidal value in the 
alwence of alkaline bases. 

With sewage, of course, a larger dose is re- 
quired, and the first, experiments at Nice, Brest, 
and Worthing, in 1894, with the Hermito fluid, 
showed that, us with ozone and other disin- 
fectants, the agent should be applied, not to a 
raw liquid (except m speciul cases), but as a 
‘ finisher ’ to one that was partially purified. In 
1898, using an electrolytic brine (Woolf’s ‘ Elec- 
trozone ’) for purifying an effluent at Maiden- 
head, one of the writers found that with three 
parts per* million of av. Cl, and a contact of 
5 minutes, the bacteria were reduced to 10 per 
50 e e , and that 17 parts per million killed all 
the organisms in 15 minutes. His long scries of 
trials at Guildford commenced in 1904, using 
4 Oxychloride,’ and proved that with 2*5 parts 
per million of av. Cl, tertiary effluents could be 
practically sterilised, but that the raw sewage 
and septic effluents required 30 to 70 parts ; the 
contact period was 4J hours (J. R. San. Inst, 
xxvi. 7, 1905). Tho oxygen consumed from 
permanganate in 5 minutes in the cold, as 
measurmg the H 2 S and other easily oxidisable 
substances, was a guide to the amount of the 
agent used, and in the earlier experiments it was 
found that when the av. Cl added was 1 *7 times 
this figure, the availability of the chlorine was 
sufficiently prolonged to ensure the desired 
sterilising effect, anti the subsequent experi- 
ments frequently yielded excellent results with 
an amount equal to this oxygen figure, that is, 
one to one. (Set further, Rideal, Trans. Farad. 
Soc. iv* 3, 1909.) An important point shown 
was that the necessary factor of safety could be 
ascertained by simply testing with KI and 
starch, and noticing tho persistence after 4J 
hours of the blue colour, due in this case, as has 
been mentioned, not to chlorine, but to chlor- 
amines. Schumacher (1905), at Hamburg, 
found that with raw sewage sufficient sterilisa- 
tion is attained if after 4 or 6 hours the test 
shows a reaction equal to 19 and 17 parte per 
million of av. Cl respectively. Investigations 
oq sewage filter effluents with chloride of lime 
were continued in America by Phelps and 
Carpenter (U.S. Technological Quarterly, Dec. 
1906), who remark that the use of electrolytic 
chlorine manufactured on the spot would, in the 
larger works, considerably reduce the cost, and 
is cheaper than sand filtration. Kellerman, 
Pratt, and Kimberley (U.S. Dept, of Agile. 
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Bull. 115, Oct. 1907) conclude that with a 
hypochlorite, disinfection costs less than with 
copper sulphate. Later American experiments 
at several centres have proved that 2 to 5 
parts per million of av. 01 destroy 95 to 98 p.c. 
of the bacteria m 2 hours, and that 3 parts are 
sufficient for the trickling filter effluents tried 
(Mass. Inst. Technol. 5, 1009 ; 0, 1910). 

The Hoy a,l Commission on Sewage obtained 
results at Guildford winch were in agreement 
with those of the writer (Appendix iv. 1910, 87 ; 
also ibid . 84-171, and Rep. 1 908, 1 95 201 ). 

Sod. hypochlorite solutions are tho best nieaiiH 
of sterilising swimming baths ; they remove from 
the surfaces growths of algai and fungi which 
harbour dangerous organisms. [Also see Rideal 
and Orchard, J. San. Inst. 559, 190(i.) 

‘ Forroehloro ’ (Duyck) is the name of a 
treatment with 8 parts per million of ferric 
chloride and 0 5 part of chloride of lime, which 
at the same time clarifies wator and liberates 
hypochlorous acid. 1 

Hypochlorous acid has been employed as an 
antiseptic for wounds by Dakin, Daulrosne, 
and Lorraine Smith, and is also known as 
‘ Eupud ’ and ‘ Eusol.’ In these solutions 
hypochlorous and is obtained by double decom- 
position of bleaching powder with sodium 
carbonate, with tho addition of bone acxl of 
sodium bicarbonate. The presence of Hodium 
borate or sodium carbonate in the resulting 
solutions when freed from the precipitated 
calcium carbonate ensures the stability of the 
solution owing to the ‘ buffer ’ action of the 


jurious in its products. Cash showed that the 
quantities of chlorine, bromine, and iodine 
required for disinfection of anthrax and tubercle 
were nearly in the ratio of their atomio 
weights. 

Bromine is a powerful disinfectant, but its 
use is obviously limited by its danger. In 1897 
Altmann patented a solution of Hr in KBr for 
sterilising water, using 40 parts per million of 
Br with 5 minutes’ contact, and removing excess 
by ammonia The solution is, however, bulky, 
and the use of a potassium salt has disadvan- 
tages. Braithwaite introduced 4 Bromuline,’ a 
dry mixture of sodium or potassium bromide 
and bromate with sodium bisulphate, which 
with moisture liberates brornme. Hchumberg 
recommended fice bromine in tlnn scaled tubes 
for the same purpose (Zeitseli f. Hyg. 1900, 53) 
in the proportion of (50 parts per million with 
5 minutes’ contact, removing excess by thio- 
sulphate (Braithwaite advised 57 parts). Hchoder 
(ibid xxxvii. 30(5) and others have stated that 
this treatment, is insufficient to,, sterilise, and 
the presence of residual bromides is against the 
process (see also Parkes and Rideal, Trans. 
Fpidem Hoe. xx. 1901 ; Fraser, Publ. Health, 
Hept.. 1902). It was tried in the Soudan cam- 
paign of 1898. 20 parts per million of Br 
sterilises typhosus (in water) in less than half 
an hour. Jt is more rapidly absorbed by organic 
matter than iodine. 

Iodine owes many of its uses to its germicidal 
action, as in parasitic diseases. Grossich, in 
1908 (Ontr. f. (Jhirurg No. 4), adopted tho 


easily hydrolysablo salt. 

Cldorine peroxide, obtained from potassium 
chlorate and sulphuric acid, has been success- 
fully employed m tho Howatson-Berg6 process 
at Brussels, Ostend, and Leetoure (South Franco), 
for sterilising (previously clarified) polluted 
waters. The writer found that 20 parts of 
CK) 2 per million did not kill ll. typhosus in a 
vigorous pure culture in 2 hours, but that 50 
parts killed it in half an hour. (See also 
Iteyehler, Bull. Hoc. ehun. f3J xxv. 13; Chem. 
News, 1901, 31(5 ) 

On a large scale, chlorine and ozone are both 
in successful use at present for sterilising water. 
The latter seems preferable for drinking supplies, 
the former is suitable for effluents. From 
questions of efficiency as well as cost, both 
require that the liquid should bo previously 
clarified, and as free from organic matter as 
possible, that is, they are finishers. 

Time as in all disinfections, is an important 
factor ; in an effort to get the work done 
quickly, it is sometimes forgotten that a longer 
time is advantageous, and economises the re- 
agent. For rapid sterilisation of a small 
quantity, as in the field, a larger proportion of 
reagent is required, and from questions of 
portability, bromine and iodine have been used 
instead of chlorine, but are attended by residual 

P roducts having a taste and physiological effect. 

'hesc, in the quantity required for dealing with 
the moderate pollution ordinarily met toitli, have 
been proved to be negligible, although, with 
heavier contamination, the amount of the 
halogen consumed by the organic matter before 
a sterilising excess is present, may become in- 

1 For an account of trials at Marseilles of ozone, 
chlorine, and ultra-violet rays, m Engineering, Jan. 27th 
and Feb. 3rd, 1911.. 


tincture as a cutaneous disinfectant before opera- 
tions, tho surface being previously cleansed by 
a 1 p.e. solution of iodine in benzene (Bogden, 
ibid. Jan. 15, 1910). Instead of the tincture, 
(’hasscvant, (Lancet, March 2(5, 1910) suggests 
tho solution in chloroform, as it does not, like 
tho formor, cause desquamation ; its use is 
specially advised prior to hypodermic injections 
(see also Brit. Med J. Feb. (5, 1909, and Aug. 14, 
1910; Lancet, April 1(5, 1910). Holutions of iodine 
and iodine trichloride, both as field dressings, and 
enclosed in friable glass compounds as emergency 
first-aid sterilisers, have been extensively em- 
ployed during the war (see Ji. M. H. Jan. 2, 1915 ; 
Lancet., Dec. 12. 1914). During the Hikkim 
and Thibet expedition, iodine (in some cases 
as tincture) followed by sodium sulphite, was 
successfully employed for sterilising drinking 
water, and Nesfield recommends triple tablets of 
(A) iodide and iodate, (B) citric or tartaric acid, 
followed after 2 minutes’ contact by (0) 
sodium sulphite, and states that used in tins way 
3 8 to 5 parts per million of Ireo iodino sterilises 
the organisms of typhoid, cholera, and dysentery. 
One of the writers, in 1905, confirmed this 
result as regards distilled water infected with 
20,000 per c.c. of B. typhosus, tho A and B 
tablets used gave 4-75 parts of iodine per 
million. 

Iodine trichloride was introduced by Von 
Langenbach for sterilising the hands and instru- 
ments and for other surgical uses. 50 parts 
per million are required to kill typhoid (in water) 
in 30 minutes. Iodine cyanide is said, by 
Robert, to be universally destructive to lower 
forms of life, and is suggested for preserving 
biological specimens. 

Organic substitution compounds of chlorine, 
bromine, andiodine, as a class, inhibit organisms, 





and may sometimes kill them. The germi- 
cidal power of a large number of these has been 
determined by Bechhold (Zeitsoh. Hyg. Infect. 
1909, lxiv. 113) ; he finds that a Br atom gives 
a greater power than a sulphonic group. Chloro- 
form is often used to preservo perishable speci- 
mens and infusions. Farrel and Howies (J. 
Soc. Dyers, 1908 , 24, 109) state that CC1„ 
kills typhoid, and that pure C1IC1., does not kill 
it, whilst 0*02 p.c. aqueous CH(Jl a kills it in less 
than 30 minutes. 

Iodoform was formerly much employed in 
surgery, and a large number of other iodine | 
compounds have been introduced into medical 
and surgical practice. Many of them arc non- 
irritant, but their bactericidal power is much 
inferior to that of dilute solutions of the element 
Fumigation of sick rooms with iodine, some- 
times in conjunction with other disinfectants, 
by burning prepared candles or lamps, has been ) 
tried, but apart from the fact that the method 
is unsatisfactory, no chamber can be disin- 
fected while *occupicd. 

The organic lodo- compounds owe most, if 
not all, their germicidal power to the gradual 
liberation of iodine by the alkaline wound 
secretions. Iodoform itself gives rise to symp- 
toms of poisoning owing to the too rapid evolu- 
tion of iodine. Amongst the more important 
organic iodine derivatives may be mentioned 
hexamethylenetetramine com pmtiuls.elirysoform, 
iodofornun, phenol, and homologous compounds, 
aristol, lodothymoloform, europhen, tiaumatol, 
isophon, lodoamsol, lodoeol, iodised albumen, 
tanrnn, gelatine, casein, gluten peptone lecithin, 
and various iodised oils have been protected 
under fancy names. 

Fluorides, like bone acid, cheek baetenu, but 
do not kill them. As food preservatives, they 
are only moderately efficient, and are not 
innocont physiologically, as they hinder pan- 
creatic digestion. Sodium silicofluondo (‘salu- 
fer ’) and borofiuoride (‘ pvricit ’) have been 
tried. Kllront introduced the use of hydro- 
fluoric acid and its acid salts for checking in- 
jurious fermentation, and J. Brand (Zeitseh. f. 
Brauw. 1904, xxvn. 115) states that 0*6 to 1 p.c. 
solution of acid ammonium fluoride is largely 
used for disinfecting rubber hose in breweries 
(see also Hehner, Analyst, 1902, 173 ; Richmond, 
Dep. Comm, on Preservatives, appendix xxxii. ; 
Thresh and Porter, Preservatives, 190(5, 87). 
Hydroflu osilicio acid is the active constituent of 
1 Montanin ’ (obtained from by-products in the 
pottery industries), and ‘ lveramyl ’ (about 25 
p.c. H 2 SiF # ) (J. Soe. Ohem. Ind. 1904, 34 ; 
1909, 904). Frank (Wasser u. Alwasser) recom- 
mended the use of aluminium siheofluorido for 
water sterilisation. They are stated to have no 
injurious action on health (Public Health, 
Oct. 1908). 

Carbonic acid seems to liavo a certain 
amount of disinfectant action, since * aerated ’ 
boveragos have been shown to be m many cases 
sterilised, and CO, under pressure preserves 
food (cj. J. Soc. Chem. Ind. 1907, 1290). 

Cyanogen and hydrocyanic acid are more 
destructive to insects than to lower organisms. 
Fumigation of fruit trees with RCN is ex- 
tensively practised in America, and is con- 
sidered better than Bpraying. For greenhouses, 
zinc capsules containing sodium oyanide are 
made ; they are placed in dilute sulphuric acid, 


and while the zino dissolves the operator has 
time to retire. 

Adds. An aeid medium is unfavourable to 
the growth of most bacteria, and acids generally 
possess considerable disinfectant power. Kita- 
Bato found that the growth of ft. typfumts in 
nutrient broth or gelatine was entiroly pre- 
vented by the following percentages of different 
acids : 0 08 H a 80 4 ; 0-2 HC1 or HNO a ; 0-28 
SO, ; 0 3 to 0-4 phosphoric, acetic, carbolic, 
formic, oxalic, or lactic ; 0*470 tartaric, citric, 
and malic; 1 *60 tannic; and 2*7 boric. One 
of the writers has shown that in infected waters, 
0 035 p.c of H,S0 4 kills typhosus in 30 minutes, 
that in terms of acidity mtro -hydrochloric was 
slightly more active, and that with tartaric 
and citric at least three times the amount of 
acidity was required (Epidemiological Society, 
Jan. 1901). But liko other disinfectants, the 
activity of dilute acid solutions is considerably 
modified by the presence of added matters ; 
for instance, m 1 p.c. peptone broth, Sp. cholera 
is killed by 0*01 p.c. hydrochloric acid in half an 
hour, but m 2 p.c. peptone broth, 0*04 f.c. 
HC1 is required. 

Paul, Kromg, and Sawey (Pliarm, J. 1900) 
conclude that the germicidal activity of acids 
generally, depends upon the degree of ionisation 
in solution, exceptions being 1IF, HNO a and 
trichloracetic, which exercise specific toxic 
influences. In normal solutions, the three latter 
killed anthrax spores exposed on garnets in 
24 hours, while H 2 K0 4 , H(l, H Br and HClO a 
wore loss active. Working with more dilute 
acid solutions, Winslow and Lochndgo (Mass. 
Inst. Tech 190(5) have compared the effect on 
B. colx and typhosus in tap water and in a 1 p e. 
poptono water. With upwards of 10,000 
organisms per c.c., sterilisation was obtained 
by the following percentages of each aeid after 
40 minutes’ contact : — 

li. typhous 11. coli 
Tap 1 p.c. pop- Tap lp.c.pep- 
wntor time wal or water tone water 
Hydrochloric acid 0*018 0*174 0*045 0*308 

Sulphuric „ 0*022 0*188 0*081 0*530 

Acetic „ — — 0*501 0*830 

Benzoic „ 0*009 0*292 0*242 0*555 

Tn agreement with the results of other 
workers, larger amounts of each acid are required 
to disinfect m the presence of peptone. ; with the 
organic acids, benzoic and acetic, this diminished 
activity is not ho pronounced. Winslow and 
Lochrulgo find that the disinfectant power of 
the aeids is not proportional to their strength in 
term# of normality, but, in the case of the 
mineral acids, hydrochloric and sulphuric, to 
the degree of ionisation of the solution, 99 to 
100 p.c. reduction of B. coli or typhosus being 
effected with either acid at the same concentra- 
tion of dissociated hydrogen. The evidence 
tends to show that the alteration in ionisation 
in a dilute acid solution brought about by the 
presence of otherwise inert substances in solu- 
tion, as, for example, neutral salts of the acid, 
accouifts for the variation in germicidal activity. 
*In practical disinfection, the subject is often 
rendered still more complex by a further inter- 
ference — the absorptive effect on solids in 
suspension. Therefore the acidity, as found by 
titration, does not give the germicidal value of 
an acid solution unleA these disturbing factors 
are considered. 
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Metallic derivatives. Warm -alkaline leys are 
the most ancient of disinfectants : potassium 
and sodium hydroxides are sterilisere in the 
proportion of not less than 2 to 5 p.c,, their 
carbonates in 5 to 10 p.c. At 60° a contact of 
5 minutes ensures the death of most organisms 
(Zoitsch. f. Hyg. 1903, 349), hence ordinary 
soaps have a slight disinfectant valuo. Strong 
brine is preservative, but not disinfectant, and 
the practice, formerly frequent, of washing out 
milk cans and other utensils with it, is not a safe 
one. Lode shows (Chem. Zontr. 1902, i. 1122) 
that 50 p.c. salt solution does not kill the spores 
of common moulds. 

Lime, as quicklime, is fatal to bacteria when 
it comes in contact with them in an almost dry 
condition, and has been much used where there 
is a considerable space and bulk of material to 
be dealt with, it is not safe, however, to trust 
entirely to the old method of burying infected 
bodies in lime, as, on disinterring, the live spores 
may again bo diffused, unless a long period has 
elapsed. The disinfecting powor of milk of lime 
ana whitewash has been much overrated ; as to 
milk of lime, Libonus stated (Zeitsch. f. Hyg. ii. 
25) that m the proportion of 74 parts per million 
of CaO, it destroyed typhoid bacilli, and that 
246 parts per million were required for cholera 
organisms, while 2 p.c. of dry lime was needed 
for cholera discharges ; with in each ease 4 a few 
hours’ ’ contact. When lime is added to sewage, 
a great number of bacteria are earned down, but 
are not killed, and the supernatant liquid is not 
sterilised. Dr. Houston (7th and 8th Reports 
of the Metropolitan Water Board, 1911 and 1912) 
found that 0-02 p.c. of quicklime effectively 
destroyed li. cult in raw Thames water m from 
5 to 24 hours. Zinc chlorulc , ‘ Burnett’s Huid,’ 
formerly in high repute as a disinfectant, is 
not reliable in its effect, and ranks below 
copper Bulphato and mercuric chloride. The 
sulphate has still less energy (R. W. eooff. 
0-09). 

Aluminium cfiloi ide, ‘ ehloralum,’ was classed 
by Miquel botwoon zinc chloride and copper 
sulphate. Iron nails, especially ferrous sulphate, 
wero at one time in vogue for sanitation, but are 
ineffective. 

Permanganates and manga, nales were first in- 
troduced as Condy’s red and green fluids. Like 
oxidisers generally, they are largely consumed 
by otherwise inert matters before attacking 
organisms, and as complete disinfection cannot 
be ensured unless an excess of reagent remains, 
evidenced by a pink colour, which is not t^ways 
easily visible owing to the brown oxide of man- 
ganeso produced, their use may be very costly 
and its execution frequently imperfect. The 
writer earned out experiments in street-watenng 
of two similar areas of ordinary soiled asphalt 
roadway : (a) with water alone ; (6) with per- 
manganate solution 1 in 5000 (six times the 
amount then customary), and examined the 
liquid from the surface. Tho permanganate 
was almost immediately decolourised. Sample 
(b) was nearly inodorous, on keepmg became, 
much less foul than (a), and the reduction in the 
number of organisms was 96 p.c., but the 
survivors included a large proportion of the 
dangerous forms (Rideal’s Sewage, 1906, 117). 
For polluted water Rosen^u reoommends adding 
permanganate drop by drop till the pink colour 


persists ft# 24 hours. 1 Pinking ’ of wells was 
many years ago adopted by Hankin in India as 
a precaution against cholera. Permanganates, 
used in various ways, are still being patented, 
chiefly for water purification. 

Chromic acid, although a powerful oxidiser 
and instantly coagulating albumen, is excluded 
by its cost and poisonous and corrosive nature 
from the list of useful disinfectants or of pre- 
servatives. 

Arsenic , like cyanogen, has moro effect on 
higher than on lower Forms of life, and is the 
basis of valuable insecticides, such as the sheep- 
dip solutions of arsenious oxide or sulphido m 
soda, frequently associated with tar products 
and nicotine. Sec Chemist and Druggist, 
June 11, 1904 ; Rep. Dept. Comm. B. of Agric., 
leading to the Sheep-Dip Act of 1903 ; and 
Quibeil, J. Soc. Cheni. Ind. 1907, 1266. Tho 
copper compounds, 4 Pans green * (aceto- 
arsenite) and others, are used for spraying or 
dusting trees, combining the actions of arsenic 
and copper Several organic arsenic compounds 
have been introduced as medicinal parasiticides 
(.see Lancet, Brit. Med. J., &e., 1910 and on- 
I wards). 

Arsemcals and similar organic metallic com- 
pounds are frequently selectively germicidal. 
Salvarsan, p-p-dihydrosia, m-m-diammo arseno- 
bonzene has a strong antiseptic action on 
anthrax, erysipelas, and glanders, as well as 
syphilis. The selective action is more pro- 
nounced in serum (Zeitsch. f. Hyg. u. lnfeht. 
Krankh. 1914, 77). 

Among the more important arsenieals may 
be mentioned : — 

Salvarsan. 

Caoodylic acid anti its salts 

Atoxyl sodium aminophenylarsenate. 

Asyphil mercury aminophenylarsenate, 

Arrhonal methyl disodium arsenate. 

Arsacetin p-acetyl armnophenyl sodium 
arsenate. 

Soainin sodium arsanilate. 

Neosalvarsan sodium 3 3-diammo-4 4'-dihy- 
droxy arsenobenzene mothanai sulpho- 
xylate. 

Some motals in the free state are antagonistic 
to germs. Dievert states (C'ompt. rend. 136, 
707) that agitation with granulated zinc kills 
li. typhosus and coli in a few hours, and Baeyer’s 
method of treating polluted waters with zino- 
dust, charcoal, and ■ lime causes, according to 
Margosches (Leip7. Monats. Tcxtilind. 1901, vi.), 
practical sterilisation. Rankin (Proc. Roy. Soc. 
1910, B, 82, 78) shows that clean strips of Al, 
Zn, or Cu, in air-free water, d6 not reduce the 
nuinbev of coli, whilst when air is bubbled through 
there is a great reduction after 1 hour. Fxcept 
with Cu, peroxide of hydrogen was produced, but 
the amounts of this and of the metal dissolved 
were too Bmall to account for the germicidal 
effect, which is ascribed to the metal and oxygen 
together. Metallic iron has long been used for 
purifying water, as in Anderson’s process (J. 
Soc. Arts. Feb. 14, 1896) ; in this case, galvanio 
action and the oxides formed come largely into 
play, but Frankland proved that the metal 
itself was, to a certain extent, bacterioidal. Old 
Hindoo writings direct water to be kept in. 
vessels of copper; among modem observers,. 





Nageli, Galeotti, and Israel and Klin|btan hold | 
that there is formed a colloidal solution which 
renders the water toxic to maurf algee and 
bacteria- In. 1904 the U.S. Dept, of Agriculture 
reported that 1 sq. cm. of bright copper per 
100 o.c. of water was sufficient to exterminate 
Uroglena and some forms of Spirogyra, and 
Kraemer showed that the same treatment do- 
Strcfyed colon and typhoid bacilli in 4 hours, 
whilst colloidal copper Was quickly fatal to these 
organisms. For household purification, ho com- 
mended the use of strips of copper, about 
3$ sq. inch to each quart (2 sq. cm. to 100 c.c.), 
immersed in the water for 0 to 8 hours. In a 
similar way, Rideal and Baines (J. San. Inst. 
1904, 594) obtained sterilisation of typhosus , coh, 
and S, py. aureus in less than 24 hours. Bassett 
Smith (j. Prev. Med. July, 1904) found that m 
a bright copper vessel, 11. typhosus was still 
living at 12 hours, but was dead at 24, and that 
of ordinary water organisms, 1020 por c e. at 
first, only 8 por c.c (none of thorn liquefying) 
were left aftra* 24 hours Re concluded that 
cloan iron or zinc was nearly equal to copper in 
first effect, but soon lost the power by oxidation. 

Copper salts have a distinctly poisonous 
action on lower organisms, and are now used in 
many places to retard algae development eaily 
in their seasonal growth in water reservoirs, 
Kroncke considered cupmus chloride to he the 
most active of the salts : he treated Elbe water 
containing 40 to 50 thousand organisms per c.c., 
with 60 parts per million of Gu^CI a and 20 parts 
of ferrous sulphate, allowed 0 hours’ contact, 
then agitated with 10 parts of lime. After 
settling and filtration through sand, tho water 
was stenhsod, clear, and colourless, and free 
from iron and copper. Schumberg ((-hem. Zcnt-r. 
1900, ii. 203) corroborated tho sterility at the 
end of 6 hours. The efficiency of soluble cupric 
salts is generally dependent on their percentage 
of copper (Green, Zeitseh. f. Hyg. 1893, 495 ; 
Rideal and Baines, lx.), hut the sulphate is 
commonly used as most convenient. For dis- 
infecting sewage effluents (and mferentially for 
reservoirs), American investigations conclude 
that copper sulphate ‘ is not so efficient as 
chlorine compounds, is more seriously affected 
by carbonates, and is much more expensive ’ 
(U.S. Geol. Survey, *Wator Supply Paper 229, 
1909, 32 ; also see Bull. U.S. Dopt. of Agnc. 
No. 100, 1906). 

Disinfection of excreta and morbid products, 
even with considerable quantities of copper 
salts ( e.g . 5 to 10 p.c. of the sulphate), is not 
reliable. For killing agricultural parasites, 
their use is well known, including that of the 
sulphate for soaking seeds and against potato 
blight, also verdigris (acetate), ‘ Paris green ’ 
(arsenite), copper-lime-sugar and copper-soap 
washes for trees, and * 4 Bordeaux mixture ’ 
(oopper sulphate and lime). The last named 
was introduced for vines, but has been since 
extended to other crops. In reference to the 
general practice of employing the metallic 
compound in the precipitated or solid form, 
instead of in solution, the main points stated 
are (1) that, in the former way, it is not liable to 
injure the plant or contaminate its tissues ; (2) 
that the oopper should remain as an external 
coating, because the spores germinate on the 
surfaoe ; (3) that uncertainty of composition 
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and inequality of application are overborne by 
certain precautions and definite prescriptions. 
See British Board of Agriculture leaflets 23 and 
225 ,* the latter (May, 1909) gives a method of 
preparing and using Bordeaux mixture : ‘ for a 
3 p.c. solution, 3 lb. copper sulphate and 2 lb. 
freshly burnt quicklime to 10 gallons of water.’ 
See also J. Soc. Chem. Ind. 1896, 332 ; 1907, 
1291; Compt. rend. 1911, 152, 632. Chuard 
(ibid. 1910, 150, 839), estimating that 12,000 tons 
of copper are thus consumed annually in France, 
expresses anxiety as to tho result of its accumu- 
lation in the surface soil, and with a view to re* 
duemg the quantity states that a half p.o. 
aqueous mixture of the oxychloride is as adhesive 
and effective as the usual 2 p.c. paste of the 
sulphate. Cupric sulphate impregnation for 
preserving or ‘ kyamsing ’ timber has been 
superseded by creosote oils, since the former 
washed out of the wood. ‘ Microsol,’ sold as a 
soluble disinfectant for stables and drains, con- 
tained 75 p.c. of copper sulphate with sulpho- 
carbolato and some free sulphur dioxide. « 

Mercury. — Mercuric chloride, * corrosive sub- 
limato,’ has long been recognised as one of the 
most poworful of disinfectants, and a 1 per 
1000 solution was the oarliest standard for 
comparisons. Apart from cost, points limiting 
its utility to special purposes are : (1) the poison- 
ous effect on higher animals and plants ; (2) its 
precipitation by so largo a number of sub- 
staneos, such as hard water, alkalis, and 
numerous salts, metals, sulphides, and many 
organic bodies, causing its action to be liable to 
groat variations and inconveniences. It will 
often form a pellicle over organisms without 
killing thorn, and it is inapplicable to the dis- 
infection of sputum, excreta, and the like, from 
its producing a coagulum which prevents furthor 
penetration. Sodium or ammonium chloride is 
sometimes added to increase tho stability of the 
aqueous solution, but considerably diminishes 
the germicidal power. The Local Government 
Board recommended for disinfecting purposes : 
HgCl a | oz., HC1 1 fluid oz., aniline blue 6 grs. 
(a colouring for safety), water 3 gallons (1 in 
902). 

Kronig and Paul in 1897 showed that 
mercury salts followed a general rule that the 
germicidal power depends on the metallic ion, 
and is in proportion to the degree of ionisation, 
so that a 1 in 500 solution of HgCl, is much less 
than twice as active as 1 in 1000 : moreover, the 
chloride is moro active (in equivalent solutions) 
than the bromide, and 4 times more active than 
the cyanide, which is almost non -ionised. Solu- 
tions of tho oxycyanidc are used in surgery, are 
distinctly alkaline , and only slightly precipitate 
albumon ; a strength of 1 in 1600 is antiseptic, 
does not really attack instruments, and is not 
irritant. Mercuric iodide, dissolved in potassium 
iodide, is a powerful disinfectant, ana is made 
up as 4 iodic hydrarg.’ It is less affected by 
albuminoids and less irritant than the chloride, 
and is incorporated in a disinfectant soap. 
Mercury-zinc cyanide, 4 Lister’s antiseptic,’ has 
the disadvantage of being of variable composi- 
tion. A great number of organic mercurial 
compound^, introduced into medicine and 
surgery, traoe their main Effect to an*antiseptio 
or germicidal action. 4 gublamim’ mercuric - 
ethylenediamine sulphate (43 p.c. Hg), is easily 
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soluble in water, is much less irritant than 
mercuric chloride, does not ooagulate albuminous 
solutions nor precipitate soap, and is a valuable 
hand-disinfectant. ‘ Proteotyl ’ contains about 
96 p.c. water, 1 p.c. salicylic acid, 0”2 p.c. 
mercury, and about 3 p.c. gelatin. 

Sodium hydriodic mercuro benzoate was 
carefully investigated as a disinfectant by 
Schroller and Schranth (Zeitsch. f. Hyg. u. 
Infect. Kranh. 1911). They found that the 
germicidal powers could be enhanced by *tho 
introduction of halogens, methyl, methoid, or a 
second hydroidic mercury group into tho 
nucleus, whilst a corresponding depression was 
caused by sulphonation or the introduction of 
an amino grouping, sodium oxymercury ortho- 
nitrophenolate. ‘ Mercnrophen *is said to have a 
carbolic acid coefficient by the R.W. method of 
over 10,000, to be less toxic than mercuric 
chloride, and to exert less than one-quarter of 
tho precipitating power which this salt has on 
blood serum (S. Schambeig, J. Amor. Med. 
Assoc. 1917). 

Silver nitrate stands next to mercuric chloride 
in germicidal power, and has similar limitations 
in its use, with the additional one of being 
precipitated by chlorides. The writer found 
that 1 in 1000 killed B. colt and S. py. aureus 
in 24 hours, but a small quantity of chloride or 
organic matter prevented the effect. Among 
other silver salts are the citrate, ‘ Itrol/ recom- 
mended as a non-irritant antiseptic dusting for 
wounds (Pharm. Zentr. 38, 460) ; ‘ Actol, tho 
lactate, for antiseptic injections : * Tachiol ’ 

silver fluondo, easily soluble, and a powerful 
non-toric bactericide specially useful for the 
urinary tract (1 in 1000 to 1 in 5000 is suggested 
by Patemo and Oigolani for sterilising water in 
a concentration of l in 400,000. Chiefly with 
the object of avoiding irritant action, incom- 
patibility with chlorides, and coagulation of 
albuminoids, a large number of organic pre- 
parations of silver have been introduced, such 
as ‘ argentamino ’ (ethvlenodiamine-silver-phos- 
phate), and the protein compounds ‘ argonine ’ 
(casein), ‘argyrol’ (gluten), Margin 1 (albumen), 
and ‘ protargol ’ (protein). A report to the British 
Med. Assoc, in 1906 gives the time in minutes 
required to kill S. py. aureus by the prepara- 
tions used as : silver nitrate ($ to 2 p.c.), 2 to 5 ; 
protargol (2 to 4 p.c.), 3 to 5; largin (10 p.c.), 
2 to 5 ; argonine (5 p.c.), 3 to 6 ; whilst argyrol 
and ‘ collargol ’ (colloidal silver, J. Soc. Chem. 
Ind. 1903, 315) had very little bactericidal power 
(Lancet, 1907, i. 675). Many of , these arc 
destructive to gonococci and to ophthalmic 
disease organisms. 

Osmic add was found by Koch and Kleift to 
be powerfully bactericidal ; it is very poisonous 
and a strong oxidiser. The former stated that 
an extremely dilute solution of potassium 
auricyanide, 1 part Au(CN) 3 in 2 millions, 
checked the growth of B. tuberculosis. 

Chick and Martin (J. of Hyg. 1908, 634) 
observe that for spores, metallic , salts rank 
highest as germioides ; with mercuric chloyide, 
the reduction of efficiency oaused by blood 
arum is muoh greater than with phenol. 

o OaoANie Compounds, 

Compounds related to the alcohols. It has 

long been known that ‘ wood spirit,’ crude 


methyl alcohol, in a dilution as low as about 
5 p.c., can kill insects and most micro-organisms, 
and preserve perishable organic materials owing 
to the tar products that it naturally contains. 
The alcohols, by themselves, are only efficient 
in a very much higher strength by coagulating 
albumen and (when absolute) by withdrawing 
water. Wirgin (Zeitsch. Hyg. 1904, 46, 149) 
has tested methyl, ethyl, butyl, and amyl 
alcohols with anthrax sporeB, and S. py. aureus, 
and concludes that the disinfecting power is low, 
that it increases with the molecular weight, and 
that there is scarcely any action on dry spores, 
It has been suggested to add alcohol vapour in 
steam disinfection, but Seige (Chem. Zentr. 1902, 
1, 130) finds no advantage. Hand- disinfec- 
tion with alcohol is not reliable (Goenner; 
Harrington, Boston M. J. May 21, 1903), al- 
though Hansen found that epidermal bacteria, 
e.g. eczema, are, when moist, destroyed in one 
minute by absolute, and in most cases by 50-60 
p.c. alcohol (Ccntr. Bakt. 1907, 466). ThiB 
statement is supported by a. Zabludowski 
(Pout. Med. Wocnensehrift, 1911, 405), who 
advised the addition of 5 p.c. of tannic acid. 
Sterility of the hands could be obtained by 2 
minutes’ immersion. Glycerol in strong solu- 
tions (25 p.c. and upwards), is antiseptic, but 
in weaker ones it rather promotes the growth of 
bacteria. AUyl isolhiocyanate, mustard oil, has 
figured in a number of patents, and is capablo of 
killing many organisms, but not economically. 

Formaldehyde is found in commerce as the 
40 p.c. solution ‘ formalin ’ or ‘ formol ’ ; it is 
antiseptic and germicidal, and is official in tho 
German, Austrian, Belgian, United States, and 
Japanese pharmacopoeias. Formalin, diluted 
10 times, is used for embalming and for pre- 
serving bodies for dissection and museum 
specimens, but for antisepsis generally, a much 
weaker solution is efficient. The Board of 
Agriculture (Dec. 1906) found that fruit of all 
kinds immorsed for 10 minutes in a solution of 
3 pints formalin to 10 gallons water (=14 p.c. 
CH a O), then allowed to drain and dry, keeps 
10 to 21 days longer than when untreated ; and 
that one lot of liquid can be used for a number 
of batches. S. Rideal and Dr. Foulerton have 
proved that 1 in 50,000 of, formaldehyde (=1 in 
20,000 of formalin) suffices to keep milk sweet 
for 24 hours, even in warm weather, without 
injury to health (Pub. Health, May, 1896 ; 
Lancet, 1899, 1427, 1571). Apparently because 
experiments with larger doses snowed effects on 
nutrition, the British Dept. Committee on 
Preservatives, in 1901, recommended * that the 
use of formaldehyde or formalin or preparations 
thereof in foods or drinks be absolutely pro-, 
hibited.’ And yet its agency in the preserva- 
tion of food is as ancient as that of salt. The 
disinfectant and preservative power of wood- 
smoke is in part due to formaldehyde, whioh 
is present on the surface of smoked provisions, 1 
and was found by Trillat in amounts varying 
from tttW 0 tutW 0 * the weight of thesubstanoe 
consumed, in smoke from wood and cellulose. 
In tobaoco smoke, he found 0*05 to 0*12 p.c., 
and in soot from bouse chimneys, 0*28 to 0-36 p.e. 

5 Perrier finds to , BtF * nn a to b«»n, ham, 
sausages, and herrings; remarks that a strict regulation 
against formaldehyde would forbid these foods *, and con- 
tends that a limit Bhould be fixed instead of prohibition. 
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m paraformaldehyde. Typhoid and oholera 
organisms were killed by products from the 
combustion of 2 grams of sugar passed into a 
12 Utre vessel, and by burning 4 kilos, of sugar 
in a room of 100 cub. metres ‘ even very resistant 
organisms were destroyed.’ (Rouguier has 
made this the basis of It. Pat. 360470, 1905.) 
With straw, the best results were obtained by 
burning it in a heap of -alternate dry and wet 
layers : using 18 kuos. of straw in a room of 
140 oub. metres (4944 cub. feet), B. coli and 
diphtherias wore destroyed after contact with 
the smoke for 12 hours ; the room temperature 
rose to 35°, and up to 2 grams of formaldehyde 
were generated per kilo, of straw (dompt. rend. 
138, 1613; 139, 742; 140, 797; 141, 215; 
150, 339). 

H. Will (Zeitsch. Brauw. 1905, 28, 330, 347) 
gives formalin *a very high place among brewery 
disinfectants. He notices, like other observers 
(Kingzett, Slater and Rideal, Lancet, April 21, 
1894), that it is more powerful against bacteria 
than against yeasts and mould fungi. Limits 
reoorded as preventing development are : 
sarcinse and bacteria, 0-003 to 0-031 p.o ; 
yeasts, 0*007 to 0-062 p.c. ; moulds, 0-031 to 
0126 p.o. 

Advantages in formaldehyde disinfection are : 
(1) that it can be easily applied m the state of 
gas or vapour for fumigation ; in the liquid con- 
dition as spray, wash, clipping, or m higher 
dilutions as an antiseptic, or in the solid form 
as its polymers, compounds, or mixtures ; (2) 
that unlike mercuric chloride and many other 
agents, it is not thrown out of action by albu- 
minous matter or by most chomicals ; (3) that 
it is effective in strengths which are not irritant 
op poisonous, and does not injure fabrics or metals. 
At quarantine stations, large quantities of bulbs, 
roots, nuts, fruits, &o., coming from plague or 
cholera-infected regions are disinfected by 
immersion in a 5 p.c. solution of formalin, which 
does not injure tho food value and much retards 
decay. In tho Linley process, meat is treated 
with formaldehyde vapour, ‘ 1 oz. formalin per 
cub. foot of space in the chamber,’ tho gas after 
a time removed by a fan, and the meat frozen 
for shipment. Buchanan and Sohryver (L.G.B. 
Food Report, No. 9) state that the gas commonly 
penetrates for about 20 mm. under a thm layer 
of connective tissue, that the amount absorbed 
often reaches 1 in 3500, that it is reduced or 
removed by boiling or roasting, but that grilling j 
seems to make it penetrate further. 

In surgery, formaldehyde and its prepara- 
tions have been of wide service. Amongst the 
njore important may be mentioned tho following 
liformaldehyde and formaldehyde ammonia (hexa- 
methylene tetramine) compounds : — 

- • With hexamethy- 

With formaldehyde lene tetramine 

Inorganic com- Glyceroborate Triborate or 

pounds or boroform borovertin 

s Aluminium si- Dichromate or 

licateordreia- chromoform 
form Acid phosphate 

or hexanitrine 

Aliphfttio deri- Iodoform or* Dibromodiiodo 
vatives eteaiodoform chrysgform 

Acetamide or Sodium aoetate 

formicin cystopurin 

Iodoform iodo- 
formin 


With hexamethy- 
Wlth formaldehyde leae tetramine 

Aromatio deri- Phenol Resorcinol 

vatives Resorcinol Guaiacol 

Guaiacol Salicylates 

Thymol Salicyl-sulpho- 

Cresois and nates 
potash or 
tysoform 
Tar and pitoh 

Carbohydrates Lactose Milk sugar 

Dextrin 
Milk Biigars 

Miscellaneous Starches Silver albumin 

Casein Camphorate 

Gelatin Tannins 

Terpenes 
Tannins 

Geronzi found that the addition of 5 p.c. of 
sodium carbonate to the 5 p.o. formalin which he 
successfully used for obstinate ear disease 
increased the tolerance and enhanced the germi- 
cidal power (Arch. ltal. di Otologia, 1903). * 

Formaldehyde antiseptic powders for dressing 
are ‘ Amyloforra ’ (starch) ; ‘ Proteol ’ (casein) ; 

‘ Steriform ’ and ‘ Sterisol ’ (lactose) ; 1 Glutol ’ 
(gelatin). These, especially the last, when 
moistened as in a wound, slowly regenerate 
formaldehyde. Formalised gelatine is now 
largely used with success instead of surgical 
collodions. Formamint tablets, ‘ for infectious 
diseases and as a prophylactic,’ are said to 
contain 0-01 gram ot CH 2 0 in each, combined 
with milk sugar (Eng. Pat. 2672, 1906 ; Pharm. 
«J. 1907, ii 838). M. Jones states that with 
B. diphtherias tho R.W. coefficient is olily 0*01 
as against 0-30 for cyllin pastiles. 

Para form, paraformaldohyde, trioxymothy- 
leno, or ‘ triformal,’ is a Bolid polymer, only 
slightly soluble in cold water, and dissociated 
into CH 2 0 gas on heating. It was introduced 
as an internal antiseptic and for disinfecting 
instruments, and said to bo as active as /3-naph- 
thol, but its chief use is for evolving formalde- 
hyde either alone or in mixture, for which a large 
number of methods have been proposed, many 
of thorn patented. Mixtures with Na, Ba, or 
Sr peroxide, when brought into contact with 
water, yield formaldehyde and hydrogen perox- 
ide : it is stated that ‘ Autan ’ contains 1 part of 
paraform to 2 of Ba0 2 (Lancet, 1908, i. 139), 
and that 50 grams mixed with water kills all 
organisms in a cubic metre of air bubbled through 
it (Fr. Pat. 366605. 1906). 

Room disinfection with formaldehyde cannot 
be economically effected by simply evaporating 
the solution ; under ordinary circumstances, 
only a portion of tho substance is volatilised, 
the remainder polymerising and remaining 
behind as a solid, while reliable disinfection 
requires a definite large volume of gas to be 
produced in a short time. For this object, 
very numerous methods and apparatus have 
been devised, which may be grouped as follows: — 
A. Dire#t production of CH a O gas, by passing 
methyl alcohol vapour and air over hot surfaces 
of platinum (Hofmann) or partly oxidised 
copper (Loew). The various lamps on this 
principle hfhve had the faults, among others, that 
the oxidation is incomplete and inconstant. 
Kenwood found that 1£ litres of methyl alcohol 
were required to disinfect a room of 2000 
cub. feet. * 
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B. Heating the solution (formalin) under 
ressure was used by Trillat, calcium chloride 
eing added to raise the boiling-point. Jn his 
autoclave, 1 lb formalin was required for 1500 
cub. feet. By this method, Kenwood obtained 
sterilisation of diphtheria swabs, and S. Itideal 
with various articles infected with B. typhosus, 
diphtheria., coli, S. py. aureus, and anthrax 
spores, found that in 24 hours all were sterilised, 
whilst fabrics, furniture, metals, and leather were 
not injured. (See also J B. San Inst 1003, 508 ) 

C Formalin, mixed with glycerol, is distilled 
at nearly the ordinary pressure, as m the 
Trenner-Lee, Lentz, and Lmgner apparatus. 
The latter, according to the Russian National 
Health Society’s Journ. 1900, was mainly in- 
strumental in extinguishing the plague at 
Astraehan, in 1899 lvlein (report of 1902), by 
3 hours’ exposure in a sealed room with the 
Lingner generator, sterilised anthrax spores and 
tubercular sputum. Houston and Newman 
also report favourably (Practitioner, Sept. 1902) 

An important point to notice is that in 
method (B), the OHD is chiefly liberated at the 
beginning of the operation, in (C) at the end, 
mixed in the latter case with steam and glycerol 
spray, which deposits as a film on the surfaces, 
and assists in the penetration and disinfectant 
action. 

D. Formaldehyde has also been used m 
conjunction with acetone (Fng. Pat. 10398, 
1908), SO a (Ft. Pat. 379998, 1900), alcohol, and 
some fatty acids. 

E. Evolution by mixing with other chemicals. 
Dohydrating agent's disengage very little CHd) 
gas frofh formalin, since most of it polymerises. 
With quicklime, S. Ridcal has only obtained 
8 p.c. of the theoretical yield (r/. Eng Pat. 8259, 
1899; Fr Pat. 323041, 1902; and U.S. Pat. 
790408,1905). Carteret observes (Compt rend. 
1908, 140, 819) that 1 part formaldehyde and 2 
parts bleaching powder added to 3 parts water 
evolve 70 p e. of the theoretical yield (I) R P. 
217944 of 1908). Potassium permanganate 
behaves similarly, generating great heat ; 
U.S. Pat. 885223 relates to a mixturo of this 
kind. Major Munson (Trans. Tnter Congress 
Hygiene, Washington, 1913, 750) has obtained 
86 p.c. of the formalin vaporised, and S. Bideal 
(Blackpool Congress, 1914) used a paper hag 
for sterilising clothes, using 40 grams per- 
manganate to 100 c.c. formalin. The action of 
peroxides has been already mentioned. 

F. The simplest process is heating paraform 
by a small flame (avoiding igmtioryk when it 
melts and is resolved into CHX). The ‘ Al- 
formant,’ or Sobering lamp, uses 1-gram tablets 
placed in a perforated cup, and it is directed to 
use 10 tablets per 1000 cub. feet with 6 hours’ 
exposure. S. Ridcal found that this quantity 
killed It. coli, typhosus, diphtheria and S. py. 
aureus in 20-24 hours, and that double the 
quantity m the same time killed moist, but not 
always dry anthrax spores. He rocommcnded 
spraying with \ p.c. solution pf formalin 
before using the lamp, as the gas is evolved § with 
insufficient moisture. The latter defect is 
remedied in the ‘ hydroformant ’ lamp, in which 
12 ozs. of water in an annular vessel is simul- 
taneously evaporated. Rosenau considers this 
method of generating CH 2 0 useful for the 
disinfection of closets and small enclosures of 


less than 100 cub, feet, with not less than 12 and 
preferably 24 hours’ exposure, and not less than 
2 ozs. of paraform per 100 cub. feet (about 2 
grams per cub. metre). Klein, Houston, and 
Gordon (London County Council, 1902) record 
that with 23 grams of paraform per 1000 cub. 
foot; R. typhosus, diphtheria , pyocyaneus, and 
S py. aureus wore lulled in 5 hours, but not 
anthrax spores nor (with certainty) tuberculosis 
in sputum. It will be noticed that the time 
is not even that given in the directions issued 
with the lamp, and the humidity and tempera- 
ture of the room are not stated. Allan, Newman, 
and Cnbb had previously obtained generally 
satisfactory results with 10 grams paraform 
per 1000 cub. feet, under moist conditions 
(Brit Med. ,T Aug. 13, 1898). Kenwood’s 
experiments pointed to an average of 25 grams 
per 1000 cub. feet being necessary. Werner 
ami Bonhoff (Berl. Klin. Worh. 1904) find that 
tubercular sputum is certainly disinfected by 
5 grams per cub. metro (141 gramB per 1000 cub. 
feet.) acting for 7 hours, which is double the 
quantity Fluggo first recommended in Breslau 
a large number of formaldehyde disinfections 
are earned out for scarlet fever and measles, 
and the disease has in no case recurred in tho 
same room. 

Spraying with the solution should be tho 
invariable practice except with the largo CHjjO 
generators, which are capable of filling the room 
also with steam and spray. When spraying 
is used alone, there is a danger of not pene- 
trating into crevices, and the solution must be 
of higher strength ; Dr Mackenzie’s extensive 
experience in the disinfection of houses and 
hospital wards, proved that 1 p.c CH a O (4 ozs. 
formalin per gallon) is attended with success ; he 
adds 5 ozs. glycerol per gallon of formalin to 
prevent too-rapid drying. Thresh and Sowden 
m 3 to 4 hours sterilised diphtheria, typhosus , 
cholera, pyoej. aureus, and prodigiosus with 
l p c. (TH,0, but pyocyaneus (on whitewash) 
only with 2 p.c ; (hoy, therefore, recommend 
tho latter strength. 

Where the space has to be occupied soon 
afterwards, any residual formaldehyde can be 
neutralised by volatilising ammonia. The pro- 
; duct, under the name of Urotropine, is a service- 
I able antiseptic in cystic affections, and is 
administered to typhoid 1 carriers ’ to destroy 
| the bacilli of the disease m the urine. Urotro- 
pine is the basis of a largo number of antiseptic 
preparations (see above). 

Disinfection of excreta is attained by mixing " 
with 3 to 5 p c. of formalin and keeping in a 
closed vessel for at least an hour. Rosenqu t 
states that faeces are rendered sterile at the end^, 
of 10 minutes by an equal volume of a 4 p.o. 
solution of formalin. r Houston prescribes 1 to 2 
junta (according to bulk) of 5 p.c. formalin, acting 
for at least an hour (Practitioner, Sept. 1902). 

Formaldehyde, as an insecticide, is much 
i inferior to SO,, although Brough (J. Mass. B. of 
H. March, 1898, 51) observed, in his disinfections 
! with the former gas, that all the flies were in- 
variably killed, and generally the bed-bugs. It 
is an excellent deodorant, 
i No acidity is produced by continuous 
spraying or distillation of formaldehyde, fchere- 
! fore it is not readily converted into formic acid 
in this way. 



DISINFECTANTS. 


Formic acid. — We hay© discussed tho germi- 
cidal action of acids generally in an earlier 
section of this article. Formic acid has this 
power to a considerable extent, and is a strong 
antiseptio. Kitasato’s results, as summarised 
by Horrocks, gave acetic acid a slightly higher 
activity in nutrient media, stating that with 
B. typhosus the amounts p.c. in cases of (1) 
growth, (2) growth restrained, (3) no growth, 
were respectively : formic acid, 0*22, 0 278, and 
0*366 ; acetic acid, 0*2, 0*225, and 0 3 ; with 
Sp. cholera’, formic, 0*11, 0 167, 0*22 ; acetic, 0*1, 
0*153, 0*2. But very different results arc ob- 
tained in water and most organic eolutions The 
writer has found that typhoms is lulled by 0 5 p.c. 
of formic acid in less than 15 minute^ and by 
0*1 p.c. in about 30 minutes ; and in 1007 he 
made tho R.W. typhosus coefficient of formic 
acid many times higher than that oi acetic. He 
also found tho preservative action to be higher : 
with vegetable substances, 1 p.c. of formic acid 
was equal in effect to 5 p.c. of acetic (time of 
trial, 2 months). Raw fish were mounted in 
0*53 p.c. formic, in 5 o.c. acetic, ami m 0 3 p c 
boric, acids, heated for 20 minutes to K0' J , and 
the jar closed with cotton wool ; m a week, the 
last was brownish, disintegrated, and uneatable, 
though not distinctly putrid ; while the first two 
kept sweet and oi natural characters for 3 
months. Experiments with broad -pulp infected 
with a mixed mould-growth proved that 0 1 
p.c. of formic acid entirely inhibits the growth 
for several dayH, even under the most favour- 
able conditions of culture, But in the de- 
struction of the spores, formic acid is less 
effective than formaldehyde. Bobbin (Uhom. 
Zoit. 1906, 30, 1009) effectively preserved 

different classes of foods by 0 15 pc of formic 
acid, and others have proved that in the, quan- 
tities mentioned above it is physiologically 
harmless ; the taste is more pleasant than 
acetic acid, and the odour is not noticeable. 
B. H. Smith (J. Amor. (’hem. Hoc 1907, 1236) 
’preserved vegetables with formic, with salicylic I 
and with benzoic acid, in unprotected jars. | 
Under conditions in which the untreated samples 
became sour and mouldy in 2 days, 0*1 pc. 
formic acid preserved them for 7 days, 0*3 p.c. 
for 12 to 18 days, 0*tjj p.e. for 25 days, 0 7 p.c 
and 1 p.o. for 45 to over 85 days, and 2 n c. for 
over 85 days. He states that 0*1 p e of benzoic 
acid kept Ins sample for 85 days, whilst with the 
same quantity of salicylic acid it was sour in 
9 days. In ordinary preserving practice, as 
we have Been, the articles would have remained 
good for tho longer time with tho smaller quan- 
, tjlties of formic acid, which, even if it mast be 
^applied in a somewhat higher proportion, is 
from physiological and physical reasons pre- 
ferable to salicylic or benzoic. The chief formic 
«0id preservatives used m commerce, mainly 
for fruit preparations, are ‘ Werdorol ’ and 
‘Fractal’ (10-14 p.c. formic acid, 4 1-1$ p.e 
of the liquid to be added ’) ; and ‘ Alacet ’ 
(made synthetically from CO and NaOH at the 
Nitritfabrik, Kopenick, about 50 to 60 p.e. formic 
acid, ‘ use 0*3 p.c. of the liquid ’). The result in 
the three cases would be about 0*14-0*18 p.c. 
of the acid. In an investigation of thoso 
articles by Croner and Seligmann (Zeitsck. f. 
Hyg. 1907, 66, 387), they find that inhibition of 
moulds, yeasts, and acid-forming organisms 
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begins at 0*15 p.c. formio aoid, that sterilisation 
is effected in 24 hours by 0*2 p.o., and in 10 to 
30 minutes by 1 p.c. 

Only the free acid is active against organisms, 
although the salts do not favour the growths as 
do the alkaline acetates. Sodium formate helps 
tho solubibty of many antiseptics without 
lessening their power, therefore figures as an 
adjunct in a number of patents. 

Acetic acid is one of the most anciently usod 
of preservatives ; 1 aromatic vinegar,’ a more or 
less concentrated acid containing essential oils, 
had a partially-j ustifierl reputation against in- 
fection. The writers find that B. call is killed 
by 5 p.c. HA in 5 minutes, by 2*5 p.c. in 15 
minutes, while with 0*5 and 01 p.e. it is alive 
after 40 minutes. Pyroligneous acul, or crude 
! wood vinegar, owes its antiseptic power chiefly 
to tho presence of creosote and formaldehyde. 

Acetyl peroxide, and benzoyl-acetyl peroxide 
! are stated by Freer and Novy (Amor. Chcm. J. 
i 1902, 27, 13 J 161) to be strongly germicidal,^ 
since solutions corresponding to 0*037-0 074 p.e. 
of the former, or 0 056-0*112 p.c. of the latter, 
=0*005-0*01 p.e. of active oxygen, destroyed 
within a minute all known disease-producing 
bacteria, and even spores of B. mesenteriens, 
which are not killed by 5 p.c. phenol ; whilst 
H ;,() 2 solution containing 0*05 p.c. of active O 
was without action on many bacteria even in 
60 minutes. Benzoyl peroxide had no oxidising 
action, and was without effect on bacteria. A 
solution of acetyl peroxide was introduced under 
the namo ‘ aeetozone,’ but the title is now 
applied to a more convenient and stable mixture 
of the benzoyl- acetyl compound with ifffusonal 
earth, said to be useful in typhoid, dysentery, 
and cholera (Lancet, 1904, n. 1160 ; Bnt. Mod. 
J. 1907, l. 634). 

Pwpiomc acul has been tested comparatively 
by Duggan (Amer. Chom. J. 7, 02) with the 
highly resistant B sublilis . lit' gives as the 
sticngths necessary lor killing : formic acid, 

7 p.c. ; acetic acid, 9 p e. ; propionic acid, 
12 p e. (numbers proportional to the molecular 
weights). According to A. (J. Jordan (Prac- 
titioner, Sept. 1902, 297), 0*1 p e. of butyric acid 
m broth tubes infected with vigorous B. coli or 
typhosus caused them to remain sterile ; S. 
pyog. aureus required 0 2 p e. Valeric and is a 
feeble antiseptic, but has been introduced along 
with a bttle creosote, as an internal antiseptio 
called 4 geosote.’ 

Oleio acid, the fats, ‘ Lanolin,’ &c., have 
but slight antiseptic power in themselves, but 
when applied to tho skin may prevent infection 
by the exclusion of germs. Reickenbach 
(^citsch. f. Hyg. u. Infect. 1908, 59, 296) showed 
that the alkali salts of the palmitates had the 
strongest bactericidal action of the soaps 
investigated. The potassium salts of the 
saturated fatty acids are comparatively strong 
bactericides, but those of the unsaturated acids, 
with tho exception of elaidic, are not. Vicario, 
however, observed that the fatty matters somo- 
timgs already contain germs, and Baidas 
(Giom. R 8. Jtal. d’ Igiene, Feb. 1901) proved 
that B. coli and typhosus, S. pyog . aureus and 
aJhus, retained their virulence in oils for 2 
months ; therefore ointment bases Require to 
be sterilised by heating t* 100°, or preferably 
to 120°, as various bacilli survive m oil for 
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longer than in aqueous solution. In fatty 
media antiseptics and disinfectants, as a rule, 
are much less active than in water, hence the 
ineffectiveness of carbolised oil as shown by 
Koch and Broslauer. Lanoline and cold cream 
contain water, so can enable agents in aqueous 
solution to come in contact with micro-organisms 
Some metallic oleates are parasiticide : cupric 
oleate in ringworm and favus (Lancet, 1907, i. 
510) ; mercuric oleate for pediculi ; zinc oleate 
is said to cure chronic eczema. 

Vegetable acids have the general power of 
inhibiting bacteria which prefer a neutral to an 
acid medium, but their effect is much less than 
that of mineral acids, and their solutions quickly 
become mouldy in warm weather. Citric acid 
was formerly recommended for sterilising 
water : Dr. Christmas in 1892 stated that 
cholera organisms were killed by 0-08 p.c. and 
typhoid by 0’10 p.c. Kitasato’s figures for 
tartaric, citric, and malic acids added to neutral 
media containing typhosus arc in p.c.’s : growth, 
\)‘338 ; growth restrained, 0 384 ; no growth, 
0-476. Succinic acid is slightly antiseptic. 

‘ Alphogen ’ or * Alphozono,’ succinyl peroxide, 
is said to be a powerful germicide (Lancet, 1905, 
i. 367). 

Aromatic acids. — The introduction of — COOH 
groups or aliphatic acid radicals into the benzene 
'ring yields acids of relatively low antiseptic 
power, increasing with the molecular weight of 
the entering acid. 

Benzoic acid is strongly antiseptic in solution 
and vapour, and to a rather less degree in its 
soluble salts. It dissolves m about 400 parts of 
cold water, and the saturated solution lulls B. 
typhosus in a few minutes. When molecular 
proportions, i.c. sodium benzoate 0-026 p c., 
potassium benzoate 0-029 p.c.. benzoic and 
O' 02 2 p.c., are separately mixed with milk, the 
writer observes that all retard the sounng, the 
acid more than its salts, but the effect comes to 
an ond sooner than with inorgamc salts like the 
fluorides, since benzoic acid is itself decomposed 
by some organisms (Analyst, 1907, 32). Not 
being poisonous, it has been much used as a 
food preservative, particularly in countries 
where salicylic apid was forbidden. Following 
a report of the Referee Board of tho U.S. Board 
of Agric. that doses of benzoates under 0-5 
gram per day were not injurious to health, and 
that even 4 grams per day did not act as a 
oison, the U.S. Board, in Pamphlet 104, 1909, 
ave announced that they will make no objec- 
tion to the use of Bodium benzoate , in food, 
rovided it is plainly labelled on each package, 
oth as to presence and quantity. The taste 
and odour are difficult to mask. It has long 
been used as an antiseptic in surgery, e.g. in 
‘ Friar’s Balsam ’ (tinct. benzoini co). Benzoic 
aldehyde is official in the U.S. Pharmacopoeia, 
and in the form of commercial oil of bitter 
almonds owes its parasiticide power in oint- 
ments mainly to the hydrocyanic acid it con- 
tains, which, of course, necessitates caro in 
use. Benzoyl-sulphonic-imide, ‘ Saccharin or 
‘ Gluside,’ has some preservative power, and 
has been given internally to stop decomposition 
of urine m cystitis, but its use for sweetening 
is less on uccount of this power than because it 
is itself unfermentable. 

Salicylic acid. — The saturated aqueous solu- 


tion contains 1 in 500 : tested with typhosus, 
pyog., aureus, and anthrax , Westcott found that 
in 3 hours only the former was killed. As a 
food preservative, it is about equal to benzoic, 
their relative activities varying under different 
circumstances. Its physiological effect is more 
distinct than that of boric or formic aoid or 
formaldehyde in the small quantities required, 
but there is no clear evidence that it causes 
injury to adults if the amount is limited. The 
British Depart. Committee’s suggested restric- 
tion is that it ‘ be not used in a greater proportion 
than 1 grain per pint in liquid food and 1 grain 
per lb. in solid food,’ or 0 01 14 and 0'014 p.c. 
respectively, which practically would amount to 
a prohibition, since moulds and ferments are 
only reliably inhibited by 0 - l p.c., the amount 
commonly employed, Ihough often exceeded. 
Addition of the acid to foods is forbidden in 
France, Austria, and some other countries. 
Traces are present in a large number of fruits 
(Analyst, 1903, 149). I)r. Lin^a G. Anderson 
used extensively a saline gclatined salicylic acid 
paste containing 2 p c of tho acid as a wound 
dressing with satisfactory results. Compounded 
with ail equal weight of boric acid ^it is also 
used as a first dressing under the 'name of 
Borsul. ‘ Salol ’ is phenyl salicylate, an in- 
ternal antiseptic which is decomposed in the 
duodenum into phenol and salicylic acid. 
According to Lowenthal, when mixed with 
pancreatic juice, it rapidly kills Sp. cholerce 
(Compt. rend. 107, 1169). ‘ Salophen,’ p- 
j aminophenyl acetyl Halicylate, is said to have a 
rather stronger antiseptic power (Practitioner, 
March, 1907). A largo number of derivatives 
of salicylic acid have been introduced, and many 
of them patented. 

Cinnamic acid , at 2 p.c., prevents the growth 
of bacteria, and at 4 p.c. destroys them. It iB 
contained in Peru and storax balsams, which 
aro parasiticide in skin diseases. Fr. Pat. 
371091 preserves butter by enclosing it in a 
wrapper impregnated with cinnamic acid, which 
‘prevents butyric fermentation.’ Acetyl-o-cou- 
manc acid, ‘ Tylmarin,’ is another internal anti- 
septic, said to have a R.W. coefficient of 4*5. 
Tho use of halogen substituted hydrosic acids, 
especially 6-chlor-3-hydroxy-p-toluic acid, has 
been suggested for disinfectant purposes (J. 
Soc. Chem. Ind. 1914, 33, 807). 

Tannin is antiseptic to proteids through its 
property of forming with them insoluble com- 
pounds such as leather, but none of the tannin 
extracts have even the power to preserve their 
own solutions. 

Phenols and phenololds. The introduction, 
of aliphatic side chains into the nucleus of phenol ; 
raises the germicidal activity ; the o- and p- 
positions for the entering groups have a greater 
influence than the m. Morgan and Coopef 
found tho following C.A. coefficients for three, 
cresols, o=21, p— 2*4, w=2‘0. Whilst tri- 
methol trimethyl methoxy phenol is said to 
have a R.W. coefficient of 40 when properly 
emulsified. 

For general purposes of disinfection, ‘coal- 
tar ’ fluids, having as their chief active con- 
stituents bodies allied to phenols, are most 
extensively employed. They are usually dark 
syrupy liquids smelling of coal tar, and may be 
roughly divided into two classes : (1) tnose 
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which on the addition of water form a more or 
loss oiear dilution ; and (2) preparations miscible 
with water but producing an emulsion. The 
former usually consist of saponified tar-acids : 
the liquor cresoli sapmalue, Ph. G., consisting of 
equal parts of potash soap and crude cresol 
heated together, is of this nature. In the 
manufacture of these fluids, potash soap, 
glycerol, aloohol, and other agents are employed 
to aid the solubility in water. With the second 
group, the mostly insoluble, active ingredients 
are emulsified by the aid of soda, soaps, resin, 
neutral oils, or gelatin. 

Polyhydrlc phenols and naphthols. The 
antiseptic powers of the di- and trihydroxy- 
benzenes are less than those of phenol. 

Resorcinol, ra-dihydroxybenzene, is a power- 
ful medicinal antiseptic, and a 1 p.c. solution 
kills most organisms. Andeer’s lotion ’ con- 
tains 40 grains in 1 oz. water. * Anusol ’ is a 
bismuth iodo-resorcin sulphonate. Qumol or 
hydroquinone, p-dihydroxy benzene, is Baid to 
be a stronger antiseptic than the last, and has 
been suggested for typhoid m doses of 3 to 8 
grains. The ortho- compound, catechol or 

f iyrocatechin, is also antiseptic. Duggan finds 
Amer. tfhom. J. 7, 02) that tho amounts of the 
three isomerides required for preventing develop- 
ment of B. subtil m broth are : ortho- 20, meta- 
25, para- 30 ; phenol being 20 and, pyrogallol 15. 

Morgan and Cooper (8th Int. Cong. App. 
Chem. 1912, viii. el.) give the following figures 
for the carbolic acid coefficients : ortho- =0 - 48, 
meta- =0‘29, para- = 11. 

Pyrogallol, tri-hydroxybenzone, is antiseptic, 
and a 3 p.c. solution kills most bacteria, particu- 
larly aerobes, but it stains, is unstable, and very 
poisonous. 

Quaiacol (methyl -catechol) and cr cosol 
(methyl-guaiacol) ar< the active ingredients in 
wood creosotes, and have been widely useful as 
antiseptics and parasiticides, especially m 
tuberculosis. Guaiacol has an antiseptic power 
(but not bactericidal — see Table) 2| times that 
of phenol, and a $ to 1 p.c. solution destroys 
B. tuberculosis in 2 hours (Marfori, Ann. di 
Chim. 12, 3). A one in 150 solution of (Morson’B) 
creosote kills pyog. aureus and typhosus in 3 hours 
(Westcott). 4 Little's Soluble Phenylo ’ con- 
tains wood creosote* and Corfield’s experiments 
give it a high value for wounds and against, 
vermin. Kenwood and Hewlett (.1. R. San. 
Inst. 1906, 13) make its R.W. coefficient 1*2. 

Beta-naphthol is official in. the British (1898) 
and in a number of other Pharmacopoeias, the 
dose in the former being 3 to 1 0 grains m a cachet 
for internal antisepsis, especially in typhoid and 
in cholera as a preventative. Its solubility in 
water is increased by boric acid. Schneider 
observes that naphthojs dissolved in alkaline 
carbonates have greater disinfectant power than 
alkaline naphtholates ; the former solutions 
contain napnthol in the free state. He states 
that staphylococci and typhoid are killed in a 
short time by 0 - 5 to l - 0 p.c. of fi-naphthol 
alkaline carbonate solution (Zeitsch. Hyg. 1906, 
52 , 634 ). 

Ointments containing 10 to 15 p.c. are 
efficient in scabies and psoriasis. ‘ Betol,’ 
fi-naphthol salicylate, is less soluble than naph- 
thoi, and is now seldom used. ‘ Alphol 1 is its 
analogue from a-naphthol, and is very similar. 


A number of easily soluble compounds have 
been introduced, such as the jS-naphthol sul- 
phonates, * Asaprol ’ or ‘ Abfastol * (calcium), and 
i Alumnol ’ (aluminium). Helbing states that 
an aqueous solution of the latter, 1 in 250, 
prevents all growth of gonococci, pus cocci, and 
allied bacteria. Beehold (Zeitsch. angew. Chem. 
1909, xxii. 2033) finds the odourless and non- 
poisonous halogen-substituted naphthols more 
powerful than any disinfectant except HgCl 2 , 
and that tribromonaphthol killB staphylococci 
in dilutions of 1 in 260,000. 

Dihydroxynaphlhalcne. Tho 2 3- substituted 
compound has a relatively high germicidal 
activity, with a C.A. coefficient of 4‘4. The 
2 - 7- derivative has a coefficient of 2'8. * 

Amidobenzene derivatives. The introduc- 
tion of — NH 2 groups into the ring produces 
substitutes of low germicidal activity. 

Aniline is open to the same objection as the 
nitro- derivatives ; it has a carbolic acid coeffi- 
cient of 0 57, whilst, o-toluidine, the next homo- 
logue, has a coefficient of 100, and m-toluidin# 
one of 1 30. 

The dyestuffs. A number of anilino dyes are 
germicidal, owing to their power of penetrating 
and combining with living tissue. This action 
is very variable, but it is stated that 1 p.c. 
prevents development of organisms, whilst i in 
600 to 4000 retards their growth. 

The investigation of the parasiticide! powers 
of the dyestuffs was conducted by Ehrlich and 
his pupils in their search for compounds con- 
taining strongly developed parasitotropic group- 
ings, but only with feeble organotropic groupings. 
It was found that tetrazo colours dorived from 
naphthalene-3'6-disulphonic acid, basic dyes c5f 
the triphenylmethane senes, and certain azo- 
colours were equally effective. Symmetrical 
colours were found to be less organotropic than 
unsymmetrical ones. - 

Methyl violet or ‘ pyoktanin,’ gentian 
violet, certain auramincs, safranine, mcthvleno 
and toluidine blue have been used in surgery 
and in malaria. Malachite green, injected mto 
the blood, kills trypanosoma in 48 hours (Birt. 
Med. J. 1904, ii. 1449, 1645 ; Deutsche Med. 
Woch. Leipzig, 1906, 21, 463). Methylene blue, 
with atropine and benzoio acid, according to 
Lclean (Lancet, May 3, 1902), was the only drug 
he found of use against Bilharzia. 

Derivatives of acridine, especially acriflavine- 
3*6-diaraino- 10-methyl acridinium sulphate and 
roflavine-3 •6-diamino acridine sulphate, have 
een shown to be somewhat superior to malachite 
green wfien used for wound dressing. Originally 
repared for Ehrlich, their selective action on 
acteria was first tested at the Middlesex 
Hospital, London. For wound dressing, the 
derivatives are made up as soaps, gelatine, or 
starch mucilages. 

Linked benzene derivatives. Both the chemi- 
cal constitutions and the germicidal activities 
of the higher boiling tar acid fractions are as yet 
unknown^ The direct linkage of two phenoloidi 
groupings or linkage through =CH 2 , =CHOH, 
=TlHOX where X is an aliphatic group, in 
some cases elevates the germicidal powers. 
Linkage* through =CO or =S0 2 groupings is 
said to depress the coefficient. 

Aromatic nitro - and halogen sumituied com- 
pounds , such as nitro-bdhzene, have often been 
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proposed as disinfectants, but are precluded 
by their odours, poisonous action, and sparing 
solubility. Trinitroplienol, ‘ picric acid,’ is 
rapidly fatal in saturated solution (about 1 p.o.) 
to bacteria and spores, but causes yellow 
stains, is irritant and very poisonous. Cotton 
wool, soaked in the solution, is used very success- 
fully in the aseptic treatment of burns ; hence 
it is recommended by H.M. Inspector of Explo- 
sives to keep handy for this purpose. The R.W. 
coefficient is about (i. Potassium dinitro-ortlio- 
cresol, ‘ Antinonmn,’ 1 in 400, is destructive to 
all common injurious parasites, and does not 
injure plants. 

Triehlorphcnol has been used at Petrograd 
as a disinfectant. It is said to be 25 times 
stronger than carbolic acid. 

Hydrocarbons.- — Petroleum, mainly consisting 
of hydrocarbons of the paraffin series, lias long 
been a well-known insecticide, and is mentioned 
by Marco Polo m the 13tli century as used to 
kill acari in mange. 

r> For protecting burns and wounds from 
exposure, various substitutes for ‘am brine,’ 
consisting essentially of paraffin wax or asphalt 
with a fatty oil have been suggested (B.M.J. 
1917, 789). ' 

A. J. Hull introduces mto these bum dress- 
ings ‘ scarlet red,’ ‘ brilliant green,’ ‘ llavine,’ 
and dichloranuno-T on account of their antiseptic 
action. 

Naphthalene is feebly antiseptic, but is not 
a disinfectant Jt is useful by its odour to drive 
away domestic insects. 

it has been stated that articles are disin- 
fected by dry-cleaning with petroleum benzine, 
or by benzene. Parrel and llowles (,). Noe. 
Dyers, 1908, 24, 109, 100), however, find that 
acting on infected threads for 0| hours, neither 
benzene (C a Il u ) nor petroleum -benzine killed 
typhosus, whereas carbon tetrachloride killed 
it m '30 minutes, whilst ‘ benzine soap,’ dissolved 
in benzine, lias no germicidal power. 

Ether is used for sterilising catgut. 

Essential oils and camphors. Perfumes, 
chiefly composed of terpones and their oxidised 
products (e.g. the camphors, menthol, thymol, 
and eucalyptol), have a limited sanitary value. 
All of them aie very sparingly soluble m water, 
but impart to it a more or less antiseptic effect 
Early estimates of their power have not been 
concordant, chiefly owing to their having been 
tried variously in aqueous or alcoholic solution, 
or in suspension. A saturated solution of 
thymol in water (0'3 p.o.) arrests fermentation 
and putiefaction. Peppermint (containing men- 
thol and menthane) has had a high reputation, 
and a number of recipes for ‘ plague water,’ 
have it as a basis. The use of hops in brewing 
partly rests on the power of the essential oil to 
chock fermentation. ‘ Terebene,’ mado by the 
action of H 4 S0 4 on terpentine, was once reputed 
as a disinfectant, but now hardly ligures except 
as terebene soap. Among other artificial pro- 
ducts from turpentine are ter pm hydrate (said by 
Colpi to arrest the growth of tubercle bacilli 
in 0*25 p.c. strength), and ter pineal (anthrax 'is 
stated to be killed by 1 p.c., and staphylococci 
by 10 p.c. in 60 minutes : (H. Marx, infra; 
also D.R. P f 207576, 1906)). 

Camphor is much spoken of as a personal 
prophylactic, but there cannot be sufficient of 


the vapour to sterilise the air. It is an in- 
gredient in many remedies for cholera and 
diarrhoea, and in several ‘ block disinfectants ’ 
such as ‘ SanoscenV ‘ Camphortar, &c. Euca- 
lyptus globulus and other species which have 
long been famous as antimalarial, are largely 
planted on the Continent in marshy districts. 
The essential oil is decidedly germicidal, having 
a carbolic acid coefficient of 12, and has been 
given with some success in typhoid, and ako 
against tape- and threadworm. 

lb not is a liquid of similar character from 
Punts pumilo. H. Marx has investigated the 
action of various perfumes on anthrax and 8. 
pyotj. aureus (Centr. Bakt. 1903, [1J 33, 74). 
Robert (Chem. Zentr. 1907, l. 419) finds that the 
terpenes have, by themselves, m general only a 
weak antiseptic action. Tho proportions needed 
for sterilising exceed the solubility in water, and 
can only be reached by a spirituous solution or 
an emulsion. 

But it lias been recognised, since Nclionbein 
pointed out the fact about 1840, that essential 
oils have a disinfectant power conferred on them 
by their slow oxidation in the presence of air 
and moisture, wheieby ozone is produced ; that 
as long as air and oil are present, the ozone is 
continually regenerated and absorbed, forming 
oxidising and antiseptic products, which dissolve 
in the water, along with peroxide of hydrogen. 
This was the principle of the ' Samtas ’ patont 
274, 1876. 

Pyridine, quinoline, and related bodies. 

Pytidwe is volatile, mixes freely with water, 
and is strongly insecticide, but has a very un- 
pleasant odour, which has militated against its 
use in horticulture. Tobacco smoke, indeed, 
owes its powors, not to nicotine, winch is almost 
entirely decomposed by the heat, but to tho 
products pyridine and its lioinologues, which 
are formed. Tessman destroyed the bacilli ot 
cholera and pneumonia by tobacco smoke 
passed for 10 to 30 minutes through a tube con- 
taining infected nutrient, gelatin. Wvnter 
Blytli killed the bacillus of nasal catarrn by 
1 p.e solution of pyridine and its homologues 
(from bone oil), or by tobacco smoke. There is 
proof that smokers and workers in tobacco enjoy 
comparative immunity from epidemics, but 
pyridine inhalations (c.g. in asthma and whooping 
cough) require care, as it is a cardiac depressant. 
Tho above experiments confirm the general 
view that disinfectant preparations containing 
the basic constituents of coal tar are to be pre- 
ferred to those which only include the phenols. 

Tobacco juice, of course, contains nicotine, 
and in France is sold as an insecticide under an 
official guarantee as to its nicotine strength. 
In England, a solution of the pure base in water 
is sometimes used as myre .definite. Richard’s 
cakes for fumigation aro nicotine and camphor : 
the writer found a sample in 1909 to contain 
1 17 p.c. of nicotine and to be completely volatile 
at a gentle heat. 

Chinosol is potassium - oxyquinoline - sul - 
phonate C 8 H e N0*0S0 3 K, a yellow powder 
easily soluble in water to an acid yellow solu- 
tion, which does not stain, has only a slight 
aromatic odour, is permanent on keeping, is not 

I ioisonous, and does not coagulate albumen. It 
las been patented as a disinfectant, and more 
especially as an antiseptic. Klein oomp&red its 
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action on S. pyog. aureus , B. coli and anthracis 
with that of carbolic acid, and reports that a 
solution of the latter of 1 in 20 strength is re- 
quired to kill aureus or coli in 5 minutes with 
certainty, whereas ohinosol does this in a 
strength of 1 in 150. Anthrax spores are not 
appreciably affected in 48 hours by 5 to 6 p.c. 
carbolic, whereas chmosol of 1 p.c. acts germici- 
dally on them in 5 minutes. In the writer’s 
laboratory, B. coli was not sensibly affected after 
4 hours by 1 in 1000 chinosol, whilst 1 in 2000 of 
HgClo produced sterility under the same con- 
ditions in 15 minutes, so that it is difficult to 
explain the much higher powers that some 
observers have found for chmosol. Thresh and 
Sowden state that chmosol spray of not less 
than 1 p.c., is a reliable disinfectant (J San. 
Inst. .Jan. 1903). Houston did not succeed m 
lulling B. coli in excreta by 1 m 75, and on linen 
by 1 in 02 (Practitioner, 1902, 331). On account 
oi its acidity, it acts on iron and steel. Alkaline 
solutions interfere with its power : the writer 
showed that 4 a t oap containing 5 p.c. of chmosol 
was inferior to a 0 5 mercuric iodide soap 
F. G. Muller reports encouraging resulls with 
chmosol m leprosy (Zeitseli. Oest Apoth Ver 
xxxv. 858). 1 Orosochin ’ (Phann ( Vntralliallo, 

xxvvii. 247) is said to be a neutral sulphonate of 
quinoline and tricresol, which is recommended 
for disinfecting instruments, .as it does not 
darken the steel. 

I chlhy ol . — Various derivatives from sul- 
phurated tars and fossilised lisli or petroleums 
nave been suggested for mdd disinfection and 
the treatment of skin diseases. Ichthyol 
ammonium ichthyol sulphurated has been com- 
pounded with various substances, such as 
albumen, formaldehyde, and metals, such as 
silver and mercury, under a variety of names. 

Quinine, which lias a quinoline nucleus, 
probably owes its action against, fevers as much 
to its antiseptic power as to its effect on the 
nervous system. 

A. Raal (Pharm. Zeit. 1900, xlv. 509) assorts 
that strongly fluorescent bodies much increase 
the action oi sunlight on organisms, whilst they 
are almost inert in the dark. A 1 in 20,000 
solution of acridine killed infusoria exposed to 
sunshine in 0 minutes ; m the dark they sur- 
vived for 24 hours. Similar results wore noted 
with quinine sulphate and with eosin. The 
inference is that the effect is caused by the 
fluorescent rays. Fluorescein has been patented 
as an antiseptic by Turpin, chiefly for toilet 
preparations (Fr. Pat 340303, 1904). The 
uroraofluoresceins, particularly eosin, are found 
to have greater power. He claims a large 
number of other plithalein compounds as dis- 
infectants. 

Certain faults -of jnany 'antiseptics and dis- 
infectants m the free state have led to an 
immense numbor of attempts to improve them 
by converting them into various derivatives. 
Although the effort to produce new proprietary 
substances, has given rise to a multitude of often 
misleading titles, many of these preparations have 
been proved to havo utility. The modifications 
ftiay be generally classified as follows : — 

1. Metallic sails . — Compounds with the alkalis 
or earths are generally less active than the free 
substance. Other metals have been introduced, 
with the object of adding their special properties, 


as A1 for aetringency, Zn, Cu, Ag, and Hg for 
developing germicidal effect; but it must be 
remembered that a combination of this kind, 
though it may have some lateral advantages, is 
commonly weaker than either agent singly. 
The same remark applies to the two next 
groups. 

2. /Substituted compounds. — Those with iodine 
arc exceedingly numerous, including a large 
number which have been improvements on 
iodoform when it was unduly valued. Where 
organic radicals (basic like methyl or ethyl, acid 
like acetyl or benzoyl) are introduced, the 
physiological properties are usually entirely 
altered. 

3. Eshrs, sulphome, and other colligated 
compounds winch, while less poisonous or 
irritant than the parent bodies, slowly yield the 
latter by gradual decomposition. Soveral of 
these have proved of great value. 

As already indicated, the proprietary 
articles of tins nature hearing fancy names are 
very numerous. Since the Privy Council Orders 
of 1900 and 1 002, the uncontrolled sale of liquids 
containing upwards of 3 p c. carbolic acid or its 
homologues is prohibited, and the germicidal 
value of the more insoluble and higher boiling- 
point tar acids has been recognised. The 
generality of commercial disinfectant fluids are 
! now practically free from carbolic acid, and, in 
I comparison with the latter, are non -poisonous 
These disinfectant, preparations should not bo 
employed to destroy resistant spores without 
prolonged exposure ; according to the nature 
and amounts of active ingredient* present, they 
are usually germicidal with non-sporulating 
organisms m dilutions far greater than is the 
ease with absolute phenol llowevor, the 
I strength of these proprietary articles varies 
I considerably, and beyond the requirements of 
| germicidal value specified in contracts with 
j various authorities, there is at present, un- 
fortunately, no legal control over the efficiency of 
disinfectants as sold to the public. There are 
instances of so-called disinfectants which cn- 
loyed great popularity and even were advocated 
by the medical profession, yet possessed little 
or no germ -killing power under the conditions 
m which they would be employed. 

Since the adoption of the R.W. test, there 
has been a steady rise in the efficiency of com- 
mercial disinfectants 

The Mechanism of Disinfect urn. — Kronig and 
Raul, in 1897, first drew attention to the rela- 
tionslqp between germicidal action and the 
ionic concentration of certain germicidal ions 
such as mercunon, argention, hydrion, and 
formulated tho rule that the germicidal activity 
of a solution was proportional to the ionic 
concentration of the germicidal ions. More 
recent work, such as that of Kitasato, Horrocks, 
and Winslow, on the common acids, and more 
especially the development of the organo- 
metallic group of disinfectants, indicated that 
this generalisation was by no means correct. 
Ehrlich and his pupils attributed to disinfectants 
the possession of at least two specific properties, 
the presence of an organotropic and a parasi- 
totroplb grouping indicating the ‘ affinity 5 of 
the germicide to living tissue ani the parasite 
or bacterium respectively. 

Neither of these theories will serve to 
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explain the phenomena observed in disinfecting are impregnated with the test organism, and 
with ionised and unionised solutions, with exposed for a definite .time to the action of the 
emulsions and other colloids. Bacterial bus- diluted agent, and then, after the removal of 
pensions must be regarded as suspensoids adhering disinfectant, sub-oultures are inocu- 
coated by, or containing, an emulsoid, and are lated from the threads to determine the survival 
to be classed as definite colloidal systems. or death of the organism ( v . Lancet, July 30, 

The reactions between agglutin and the 1900 ; and J. R. San. Inst. 1907, xxviii.). In* 
bacteria, similar to the reactions between toxins place of threads, small garnets can be employed 
and antitoxins, resemble in many respects (Kromg and Paul), stones of uniform size being 
either the combination of a very weak acid and coated from cultures of the organism, and added 
a weak base, a view advanced and supported directly to the disinfectant, sterility being 
by Arrhenius (' Immunochemie ’), or the usual determined by inoculating sub-cultures at 
absorption phenomena observed at colloidal intervals (Zeitsch. angew. Cliem. 1901, xiv. xv.). 
surfaces. Although experimental evidence (not- The chief points to be considered are (L) time; 
ably that of Marsden, Nyman, and Chick, (2) age of culture ; (3) choice of medium, 

carried out at the Lister Institute) is not sufli- reaction of same ; (4) temperature of incubation 
ciently accurate to distinguish between the two, and (6) of disinfection ; (0) variation in vital 
yot the other general characteristics of bacterial resistance of same species and (7) of different 
suspensions lead us to infer that absorption is species ; (8) proportion of culture to disin- 
the first stage of disinfection. We can thus fectant. In order to facilitate the comparison 
distinguish between the following types of of disinfectants, Ridcal and Walker (J. R. San. 
action : — Inst. 1903, 424) suggested their carbolic acid 

\1) Absorption of cations (ionic disinfectants) coefficient method as the basis for' a standard 
with simultaneous amon absorption, which may process. In this test, which has been extensively 
affect the activity. adopted in England and abroad, tho efficiency 

(2) Absorption of substances in solution, e.g. of the disinfectant is expressed m multiples of 

phenol. absolute phenol performing the same work. 

(3) Mutual action between bacteria and It is briefly as follows : add 5 drops of a 24 
other colloids, such as emulsions (tar acids) or hours’ blood-heat culture of tho organism m 
suspensoids (colloidal metals). The next stage, broth to 5 c.c. />f a particular dilution of the 
common to all, is penetration and ehemical disinfectant in sterile distilled water ; shake 
attack by the absorbed disinfectant. It is and take sub-cultures with a platinum loop 
evident that the germicidal activity of a sub- 
stance after absorption is determined by its 
penetrative or intradiilusive powors as well as 
its ehemical reactivity or ‘ parasitotropic ' 
properties. The enhanced germicidal powers 
of the chloramine is doubtless due to their 
possession of a reactive — NH 2 group, hut it ih 
by no means clear that dyestuffs are germicidal 
on account of their possessing certain parasito- 
groupings or that their activity is not due to a 
medium diffusivity accompanied by gradual 
decomposition into germicidal constituents. 

It appears probable that more light will he shed 
on this somewhat complex subject by a close 
study of the phenomena of absorption and the 
mechanism of intradiffusion of substances in 
colloidal material rather than by tho develop- 
ment of the concept of ionic activity or postu- 
lation of certain parasitotropic groupings or 
valencies endowed with exceptional and un- 
expected properties. 

Testing of Disinfectants. — Before 1881, when of practical disinfection, but numerous modifica- 
Koch introduced the use of pure culture^ tests tions of tho R.W. coefficient test have been 
depending upon tho prevention of putrefactive suggested, mainly with the object of testing in 
changes in various organic infusions wero mainly tho presence of considerable quantities of 
employod, and to a great extent tho antiseptic organic matter. Sterilised sea-water, urine, 
or preservative value was noted rather than the sewage, starch, and gelatine emulsions, nutrient 
actual germ-killing power (see first edition of this broth and milk, have boen incorporated with the 
dictionary). Since then, an increasingly large diluting wator — also testing with organisms in 
number of investigators have worked upon their natural environment, as with coli in 
practical methods of testing. With the phenolic sewage, in place of pure cultures. A sedi- 
disinfectants, valuations wero made upon the mentation test for emulsified fluids allows a 
total amount of tar acids present, qut the 1 p.c. solution to stand 24 hours before preparing 
widely differing activity of these bodies, which final dilutions for testing (Lancet, Sept. 19, 1908). 
iB also modified according to their physical con- The ‘ Lister test ’ (C. J. Martin) is made in the 
dition on dilution (in solution, tricresol has, only presence of 3 p.c. of faeces, previously sterilised; 
one-third the germicidal value of that iff emut dried, and powdered. Sims Wooahead and 
sion ), has led to the general adoption of bacterio- Ponder ( J. Path, and Bact. 1909, 148) replaoe the 
logical tests. * inoculating loop by platinum spoons, used with 

In the thread method (Koch), Bilk threads a special sterilising apparatus, and extend the 


every 2\ minutes up to 15 minutes ; incubate 
sub-cultures at 37 4 for 48 hours. Allowing 
30 seconds for each operation, four different 
dilutions of the disinfectant with one carbolic 
control are tested against the same culture and 
under strictly comparable conditions. For 
example : 

Minutes 21 f» 71 10 121 15 

Disinfectant 1 : 500 + — 

,. 1 : 550 + -f- - - - - 

„ 1 : 000 -f + -- — — 

„ 1 : 700 + + + + + — 

Carbolic acid 1:110 + + — — — — 

Carbolic acid coefficient ^ ^j=5 

This test has for many years been officially 
used by the War Office, Admiralty, India Office 
and other Government departments at home 
and in the Colonies. It iB impossible in any 
one test to include the creatlv varying conditions 
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time to 80 minute*. A mean coefficient is taken 
for two values obtained at the beginning and 
end of the experiment with, B. co*i and sub- 
culturing into McConkey’s bile-salt fluid. The 
Lanoet (Nov. 1909) has suggested, in conjunction 
with the above method, a chemical analysis for 
the valuation of emulsified fluids as follows : 
10 grams of disinfectant with 100 c.c. of water 
and 15 grams baryta, are heated for 30 minutes 
at 100° under a reflux condenser, then cooled 
and decanted through asbestos, washing with 
warm baryta water ; the tar acids are extracted 
with ether from an aliquot portion of the 
filtrate, after adding calcium chloride and 
acidifying with HOI, dried at 38°, weighed, and 
their bromine absorption determined. Neutral 
hydrocarbon oils are extracted from the baryta 
residue with acetone, and the insoluble soaps and 
resins treated with H01 and shaken out with 
ether. For estimation of water, 25 grams of 
the sample are acidified with 10 c e. of 10 p.c. 
H,S0 4 arn^ shaken with 25 ec of white petro- 
leum spirit, taking the volume less 10 c e. of the 
aqueous layer after standing. In presence of 
the higher phcnoloids, the weight of tar acids 
obtained is too low. The coefficients obtained 
for B. coh were found to he approximately one- 
third of the difference between the percentage of 
tar acids and the bromine value. 

In the United States, the National Hygienic 
Laboratory method of L. Anderson and T. B. 
McClmtic (1912) is now widely adopted. The 
method, which follows closely the R.W. in 
technique, differs m the following points of 
detail : The standard temperature of medication 
of 20°0., instead of 18°C , is adopted. 01 c c. 
of broth culture is added to 5 c e. of disinfectant 
solution instead of 5 drops. The coefficient, is 
determined from the mean of the following two 
reactions • — 

Weakest strength of disinfectant which kills in 
2\ minutes 

Weakest strength of phenol that kills in the 
same time 

and the similar ratio for death in 15 minutes. 

From time to time various modifications 
have been introduced in which solid media 
such as nutrient agar have been substituted 
for broth. An emulsion of an agar slope culture 
of an organism is made with the various disin- 
fectant dilutions and phenol controls, whilst the 
sub-culturing is either performed direct into 
agar slopes or spread out* on agar plates, thus 
permitting counts to be made. Nutrient agar 
made up with fresh meat is certainly less 
inhibiting than standard broth, whilst certain 
advantages attend the use of plates, giving 
approximate data as to the number of organisms 
surviving after specified periods of disinfection, 
as against the ‘ end point ’ method of the fluid 
jmedia tests. These advantages are nearly 
entirely negatived by the difficulty of obtaining 
a uniform agar streak growth emulsion for 
medication, and the extra labour involved in 
plating a number of tests. 

The germicidal power expressed in terms of 
carbolic acid with B. typhoms is shown for a 
number of disinfectant substances in the follow- 
ing table ; while most of the figures are Rideal- 
Walker carbolic acid coefficients, some of the 
results have been obtained by modifications of 


the original test as noted, and these are obviously 
not comparable with the others. 


Agent Germicidal value 

Observer 

Absolute alcohol less than 0'1 

F. 1906 

Acetic acid 

0-6 

R. 1907 

Aeetyl-coumaric 
acid . 

4-5 


Aniline . 

0£7 


o-Toluidino 

1-00 


♦tt-Toluidino . 

1-3 


Benzoic acid . 

about 5 # 0 

R. 1910 

Boric acid . less than (H 

W. 1904 

Bromine water 

04 

R. 1910 

Cadmium chloride 1 ’55 

R. 1911 

Cadmium sulphate 1 0 

R. 1911 

Chmosol 

0- 15-030 

Various observers 

Chlorine water 
Copper sulphate 

28 

R. 1910 

R. 1910 

(calculated 
on CuS0 4 ) 

■ 2-0 


Cresylic acid 



commercial . 

3-7 

R. 1908 • 

o-Cresol . 

21 


p-Cresol 

2-4 

M. & 0. 1912 

m-Crosol 

2-0 


Eucalyptol 

1-2 

L. 1904 

Formaldehyde 

0-55 

R. 1907 

Ditto 

0-75 

W.1904 

Formic acid . 

5-7 

R. 1907 

Guaiacol 

Tnmethylomc- 

0!) 

L. 1904 

W. 

thoxy-phcnol 

4 0 

Qmnol . 

1 -1 

M. & C. 

Catechol 

048 

M. &C. 

Hydrochloric 

F. M. 1906 (with 

acid . 

Hypochlorites ’ 

I 58 

fa?ces and urine) 

(calculated 1 
on ' available 

140-220 

Various observers 

chlorine ’) ] 

Ditto with 50 



p.c. urine . 

8 

K. 1906 

Iodine water . 

100 

R. 1910 

Iodine trichlor- 


ido 

94 

R. 1909 

Lactic acid 

1-8 

R. 1910 

Mercuric chloride 400-3540 

Various observers 


2.3-Dihydroxy- 
naphthalcne 
2.7-Dihydroxy- 
naphthaleno 
Potassium per- 
manganate . 
Picric acid 
Pyrogallic. acid 
Resorcin 
Silver nitrate . 
Sodium bisul- 
phate 
Sulphate 
Zinc chloride . 


4 4 

2-8 

42 

6-0 

0-22 

0-30 

15-8 

41 

0-09 

015 


do. 

M. W. B. 1906 
do. 

R. 1910 

R. 1908 

W. 1906 


M . W. B., MeTedith Wynter Jilyt h ; F. M., Firth and Mac- 
fadytm; F., Major Fowler ; K., Klein ; L.. Lodwidge ; 
M. & C., Morgan and Cooper; It., liideal; W., Walker. 

. The extremely high values once given for 
| mercuric chloride were due to the powerful 
inhibitory action of the traces carried over with 
the sffb- cultures in the inoculations. 

<S. & E, R. 

DISPARGEN. Txgkde name for a form of 
colloid mercury. 
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D1SPERMIN. Trade name for piperazine. 

DISSOCIATION v . Chemioal affinity. 

DISTHENE v. Kyanite. 

DISTILLATION. The object of distillation 
is the separation of a volatile liquid from a non- 
volatile substance, such as pure water from sea- 
water, or more commonly the separation of two 
or more liquids of different volatility. 

The apparatus required consists essentially 
of four parts : a still or boiler, a (Fig. 1), in which 



Fig. 1. 


the liquid is boiled ; an upright tube or head, b ; 
a condensing tube, e, sloping downwards and 
cooled by suitable means — a Liebig's condenser, 
L, through which a current of water is passed, 
being generally employed in the laboratory , 
lastly, a receiver, it, 
to collect the dis- 
tilled liquid The 
form of apparatus 
shown m Fig 2 
is convement for 
many purposes ; 
the still, the head, 
and the condensing 
tube are sealed to- 
gether m one piece 
The still is 
usually heated by the flame of a Bunsen 
burner ; for very volatile and inflammable 
liquids a water- bath is generally used, but the 
rate of distillation can be better regulated by 
a very small flame m contact with the bottom of 
the still; the Liebig’s condenser is unnecessary 
for liquids which boil above 100° or 170° if the 
condensing tube is fairly long. For many pur- 
poses, notably for distillation under reduced 
pressure, it is convenient to employ an electri- 
cally heated coil of platinum, German silver, oi 
nienrome wire as the source of heat (Richards 
and Matthews, J. Amor. Chem. Soc. 30, 1282 ; 
31, 1200; Beckmann, Zeitscli. physika). Chem. 
04, 500 ; Bailey, .J. Amor. Chem Soc 33, 447 ; 
Rosanoff and Easley, ibid. 31, 904) 

If the temperature at which the liquid »boils 
• is to be ascertained with accuracy — and this is 
generally the case in fractional distillation, espe- 
cially in tho final purification of a liquid —the 
following points should be attended to • — 

1. The thermometer should be carefully cali- 
brated, and it would be a great advantage if all 

. thermometers were compared with an air ther- 
mometer, for different kinds of glass expand 
very differently when heated, and therefore two 
thermometers, constructed of different varieties 
of glass, will give different readings, especially 
at high temperatures. 

2. The zero point of the thermometer should 
be redetermined from time to time. It is a good 
plan to heat thte thermometer for several hours 
to about 3(XAor 360° before calibrating it ; the 
subsequent changes of jero point, which other- 


wise might bo considerable at high temperatures, 
are thereby greatly reduced (Crafts, Compt. 
rend. 95, 910; also several earlier papers). 
Thormometora treated in this manner may now 
be purchased. 

3. All thermometers, except those which do 
not register temperatures higher than G0° or 70°, 
should contain nitrogen to prevent volatilisation 
of mercury m the heated stem ; if the thermo- 
meter is provideci with a small bulb at the top, 
use of pressure owing to compression of the gas 
in the thermometer is avoided. 

4. Tho thermometer should, if possible, be 
so placed m the apparatus that not only the bulb 
but also tho column of mercury m the stem is 
surrounded by the vapour of the boding liquid ; 
otherwise the following correction, which, at the 
best, is somewhat uncertain, must be applied : — 
N — length of column of mercury in scale degree 

not heated by vapour. 

T =- temperature of vapour (the approximate 
tempeiature directly read on the thermo- 
meter is usually sulheiently accurate). 

( — mean tempeiature of column of mercury 
not heated by vapour. This temperature 
may be approximately ascertained by 
attaching a small thermometer to the other 
by means of thin mdiarubber bands or wire, 
with its bulb at about the middle of the 
unheated column 

Correction: add (MMH)143(T— /)N. 

Tho coefficient 0 0001 G is usually employed, 
but lioltzmann pointed out that this is too high, 
and adopted the number 0 000135 Thorpe, 
however (Chem. Soc. Trans. 37, 159), has 
shown that tho coefficient 0 000143 gives the 
best results. 1 The table lor the correction of 
thermometer readings is taken from Thorpe’s 
paper, and shown in next column. 

For further information v. article on Theb- 

MOM ETERIS. 

5. When the amount of liquid m the bulb is 
very small, the vapour is liable to be superheated 
by the flame, and unless tho bulb of the thermo- 
meter is thoroughly moistened with condensed 
liquid, too high a temperature will be registered. 
Tf a very little cotton wool or, for temperatures 
above 230°, a little fibrous asbestos be wrapped 
round the bulb of the thermometer, it remains 
thoroughly moist, and with a pure liquid the 
thermometer registers a perfectly constant tem- 
jerature until the last trace of liquid in the bulb 
uis disappeared (Ramsay and Young, Chem. 
Soc. Trans. 47, 42). 

(>. The barometer should always be read, and 
corrected to 0°, and in a long distillation or in 
unsettled weather it should be read frequently, 
for tho boiling-pomt varies greatly with the 
pressure. The obsorved boiling-point is corrected 
to that under normal pressure my means of the 
formula 0=c(7GO- p)(273-H), where 0 is the 
correction in centigrade degrees to be added to 
the observed boiling-point, t° ; c is a constant ; 
and p is the barometric pressure. For tho 

, 1 Kimbach (Bcr. 22, 3072) has constructed tables of 

corrections by interpolation from experimental data up 
to 220° for two kiuds of thermometer graduated in 
degrees, and up to 100° for thermometers graduated in 
tenths of a degree. All these thermometers were oon- 
structed of Jeuu glass, and from tho results it would 
appear that the form of the thermometer, and doubtless 
also the nature of the glass, have a notable Influence on 
the magnitude of the correction. 
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majority of liquids the value of c may be taken, 
without serious error, to be 0*00012 ; but for 
water and the alcohols it is about O'OOOIO, and 
for a few liquefied cases it is considerably higher. 
A table of corrections was first given by Crafts 
(Ber. 20, 709). The values of c for a large 
number of substances have beon collected and 
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of the apparatus will be considered under Frac- 
tional distillation. 

The condenser. — For very volatile liquids, the 
condensing tube must be cooled by*" ice or a 
freezing mixture (pounded ice 
and salt or ice and concen- 
trated hydrochloric acid, &c.). 

Tn this case, a spiral or 
* worm ’ tube should be used 
(Fig. 3). Condensation of 
moisture in the receiver is pre- 
vented by the drying tube a. 

V Condensers. 

The receiver , — If a liquid 
boils at a very high tempera- Fig. 3. 
ture, or if it suffers decom- 
position at the ordinary boiling-point, it may 
be necessary to distil it under reduced pressure. 
For cases of simple distillation, the apparatus 
shown in Fig. 4 may bo employed, but if the 



Fig. 4. 


distillate is to be collected in separate portions, 
as in fractional distillation, tlie removal of 
the receiver would necessitate the admis- 
sion of air into the apparatus and a 
fresh exhaustion after each change. This 
inconvenience may be obviated by the employ- 
ment of stopcocks arranged in such a manner 
that air may be admitted into the receiver and a 
fresh one put in its place while the distillation 
bulb remains exhausted (Thdrner, Ber. 9, 
1808 ; F. D. Brown, (’hem. Soc. Trans. 36, 
654; L. T. Thorne, Bor. 10, 1327 (Fig. 5); 




tabulated by Y oung (Chem. Soc. Trans. 81, 777 ; 
Fractional Distillation, 16). 

The various parts of the simple apparatus 
(Figs. 1 and 2) may require modification under 
certain circumstances. 

The still. — For larger quantities of liquid, a 
tin or copper vessel is preferable to glass. 

The head. — The modifications of this part 


Fig. 5. 

’Lothar Meyer, ibid. 20, 1834; Wade and Merri- 
man, Chem. Soc. Trans. 99, 984 ; Rosanoff and 
Easley, l.c. ; Rosanoff, Bacon and White, J. 
Amer. Chem. Soc. 36, 1806). O^again, a series 
of receivers on a revolving Btand placed under 
an exhausted bell- jar maj be employed (Gorboff 
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and Kessler, Ber. 18, 1363 ; Briihl, ibid. 21, 
3339 (Fig. 6)). 

Many liquids absorb moisture from the air or 
are acted upon by oxygen, and in these cases 
special precautions must be taken, the moist air 
in the apparatus being expelled and replaced by 
dry air, carbon dioxide, nitrogen, or hydrogen ; 



Fiq. 6. 


the receivers must also be protected by drying 
tubes. (For example, ?\ Thorpe, Chem. Soc. 
Trans. 47, 120 ; Young, ibid. 59, 923.) 

Theory ol distillation.— Investigations of the 
vapour pressures of liquids have thrown much 
light on the subject of distillation. If a pure 
liquid be confined in the Rpaoe above tho mer- 
cury in a barometer tube, it will evaporate until 
the pressure of its vapour —measured directly 
by tne depression of the mercury column — has 
reached a definite amount, which, for a givon 
substance, and, if liquid be still present, depends 
solely on tho temperature. From the readings 
of pressure at various temperatures we may 
construct a curve to illustrate the relations of 
temperature to pressure for a given substance, 
but this curve has a twofold meaning, for it 
represents not only the vapour pressures at 
definite temperatures, but also the boiling- 
points of the liquid under definite pressures. 
Thus the vapour pressure of pure water at 
100° is 700 mm. of mercury at 0° ; and u w der a 
pressure of 760 mm. water boils at 100°. Again, 
the vapour pressure of water at 0° is 4-6 mm., 
and if the pressure in a distillation bulb con- 
taining water be reduced to 4‘6 mm., the water 
will boil at 0°. The truth of this general state- 
ment was conclusively proved by Regnault 
(M6m. de 1’ Academic, 21 and 26). 

Regnault also investigated the behaviour of a 
few mixed and heterogeneous liquids, wliich he 
divided into three classes : (1) liquids which 
are quite or almost insoluble in each others 
(2) liquids which are misoibje only within cer- 
tain limits ; (3) liquids which mix in all propor- 
tions. Regnault employed both the statical and 
dynamioal methods of investigation ; that is to 
Say, he’determined, on the one hand, the vapour 
pressures of the liqnidg at various temperatures 


in the barometir tube, and, on the other hand, 
the boiling-points of the liquids under various 
pressures. 

The behaviour of two liquids, A and B, when 
brought into contaot with each other, must be 
affected (a) by the attraction of the like mole- 
cules ; those of A for each other, and those of 
B for each other ; and (b) by the mutual attrac- 
tion of the molecules of A and B. If the attrac- 
tion of the unlike molecules is relatively verv 
slight, it may be expectod that the liquids will 
be non- miscible, or nearly so, as in the case of 
benzene and water. If the attraction of the 
unlike molecules is greater, but still relatively 
small, miscibility within limits may be expected, 
as, for example, with aniline and water. In such 
cases there is frequently slight expansion and 
slight absorption of heat on admixture. Com- 
paring together various pairs of liquids, as the 
mutual attraction of the unlike molecules 
increases relatively to that of the like molecules, 
the following changes may be expected ; (a) 
increasing and finally infinite miscibility ; (b) 
slight expansion, diminishing to zero, and 
followed by increasing contraction ; (c) diminish- 
ing absorption of heat, changing to increasing 
heat evolution These changes do not, in many 
cases, run strictly jxiri pasm, and among 
liquids which are miscible in all proportions, 
it is not unusual to find a Rmall amount of 
contraction attended by a Btight absorption of 
heat, as, for example, when a little water is 
added to normal propyl alcohol, but when 
certain compounds, such as chlorobenzene and 
bromobenzeno, which are chemically closely 
related, are mixed together, there is no appreci- 
able change of volume or temperature. For 
such substances it is probablo that the different 
molecular attractions, A for A, B for B, and 
A for B, are very nearly equal, and that the 
relation suggested by Galitzine (Wied. Ann. 41, 
770; and by D. Berthelot, Compt. rend. 126, 
1703), namely, that a AB = ,/a A .a B , holds good, 
whore a A1 , represents tho attraction of the 
unliko molecules, and a K and a B the respective 
attractions of the like molecules. 

It would appear, then, that there are two 
very simple cases : I. that in which the 
liquids are non-misciblo ; II. that of two 
infinitely miscible and closely related liquids 
which show no heat or volume change on 
admixture. 

I. It was found by Regnault that when two 
non-miscible liquids are placed together over the 
mercury in a barometer tube, the observed 
vapour pressure is equal to the sum of the 
vapour pressures of the two liquids when heated 
separately to the same temperature. It is only 
necessary that both sutetances should be 
present in sufficient quantity, and that the 
tube should be shaken or sufficient time allowed 
for the evaporation of the heavier liquid. The 
liquids evaporate independently of each other, 
and Dalton' s law of partial pressures is therefore 
applicable to the distillation of non-miscible 
liquids. Each vapour behavee to the other as 
an indifferent gas, and the boiling-point of 
each liquid depends on the partial pressure of 
its own vapour. The temperature is necessarily 
tho same for both liquids, and the total pressure, 
if the distillation is carried out in the ordinary 
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m winer, is equal to that of the atmosphere. 
The boiling-point ia, therefore, that temperature 
at which the sum of the vapour pressures of the 
components is equal to the atmospheric pressure. 
For example, at 90*23° the vapour pressure of 
water is 530* 1 mm. ; and that of chlorobenzene 
is 210*1 mm. ; total, 740*2 mm. ; and it was 
found that when chlorobenzene and iflfeter were 
distilled together under a barometric pressure 
of 740*2 mm., the temperature varied only 
between 90*25° and 90*35°, until there was 
scarcely any chlorobenzene left in the residue, 
when it rose rapidly to 100°. The boiling- 
point of a pair of non-miscible liquids is neces- 
sarily lower than that of the more volatile 
component, and may be far lower than that of 
the less volatile. 

The process of distillation with steam is 
very frequently employed in the case of sub- 
stances of high boiling-point, which are insoluble 
or only slightly soluble in water, such as aniline 
or nitrobenzene. (For the application of steam 
distillation to the preparation of ethereal oils, 
v. von Roehcnberg, Theorie dor Gewinnung 
und Trennung der athenschen Oele' durch 
Destination, Schimmel & Co 1910 ) 

The composition of the vapour — and there- 
fore of the distillate — from two non-miscible 
liquids, like the vapour pressure and boiling- 
point, is independent of the relative amounts of 
the components, provided that both are present 
in sufficient quantity and that evaporation can 
take place freely. Calling the vapour densities 
D A and D„, and the vapour pressures at t° 
p A and p B , there will be, in a litre of the mixed 
vapour, 1 litre of A at t° and p A mm., and 1 litre 
of B at t° and p u min. The weights of vapour 
will therefore be : 

0*0899 X D A x 273 X p A 0*0899 X D B X 273 x p B 
(m+tjx7G() "~ and (273+CX700 

respectively, and the relative weights will be 

D. Xv. 

> (Naumann, Ber. 10, 1421, 1819, 2014, 
D B Xp B 

2099 ; Brown, Chem. Soc. Trans. 35, 547). 

The vapour density of chlorobenzene is 50*2, 
and that of water is 9 ; and at 90 23° the 
relative weights of vapour will be 

66*2x210*1 

=2*475, 

• »» B 9x530*1 

and the percentage woigljt of chlorobenzene 
will be 71*2. In the actual experiment to which 
reference has been made, the percentage of 
chlorobenzene in the distillate was found to 
be 71'4. Both boiling-point and vapour 
composition agree well with the calculated 
values. 

IT. The vapour pressure of a mixture of 
two infinitely miscible liquids which are chemi- 
cally closely related to each other, or, probably, 
for which o A . B == V a A >%, is given by the formula 
100p»Mp A -H100— M)p B where w is the mole- 
oular percentage of A, and p, p A , and p B are 
the vapour pressures of the mixture and of 
A and B respectively, at the same tempera- 
ture, <°. In other words, the relation between 
vapour pressure and molecular composition is 
represented by a straight line (Van der Waals, 


Proc, Roy. Aoad. Amsterdam, 3, 170; Young, 
Chem. Soc. Trans. 81, 768 ; Young and Fortey, 
ibid. 83, 45 ; Zawidski, Zeitsoh. physikal. Chem. 

35, 129; Vanstone, Chem. Soc. Trans. 97, 429; 
Price, ibid. 115, 1116). The relation has been 
found to hold accurately for chlorobenzene and 
bromobenzene, and with very slight error for 
other pairs of closely related liquids. 

In order to calculate the boiling-points of all 
mixtures of two such liquids under a given 
ressure, p, the vapour pressures of each must 
e known at all temperatures between their 
respective boiling-points under that pressure. 
The percentage molecular composition of 
mixtures which would exert the vapour pressure 
p must then be calculated at a series of tempera- 
tures between these limits by means of the for- 
mula M=100 — — - . Lastly, tho values of M 
Vb-Pa 

must be plotted against the temperatures, when 
the curve drawn through the points will give 
the required relation between boiling-point |tnd 
molecular composition. In the cases examined, 
the agreement between the observed and cal- 
culated results is quite satisfactory. 

Tho relation between the composition of a 
liquid mixture and that of its vapour (distillate) 
has been the subject of many experimental 
investigations (Brown, Chem. Soc. Trans. 35, 
547; 39, 304; Lehfeldt, Phil. Mag. (v.) 46, 
42 ; Zawidski, Zeitsoh. physikal. Chem. 35, 129 ; 
Carvoth, J. Phys. Chem. 3, 193 ; Winkelmann, 
Wied. Ann. 39, 1 ; Linebarger, J. Amer. Chem. 
Soc. 17, 616; Gahl, Zoitsch. physikal. Chem. 
33, 179; Rosanoff, Lamb, and Breithut, ibid. 
66, 349 ; Rosanoff and Easley, J. Amer. Chem. 
Soc. 31, 953 ; Rosanoff, Bacon and White, ibid. 

36, 1803 ; Rosanoff, Bacon and Schulze, ibid. 
36, 1993 ; Rosanoff and Bacon, ibid. 37, 301 and 
1072). Special attention may be directed to tho 
last four of these papers, Imfortunatoly, how- 
ever, it is only in a very few cases that the 
mixtures investigated consisted of closely related 
liquids (Young, Sci. Proc. Roy. Dubl. Soc. 15, 
N.S., 667). In the discussion of their results, 
Lehfeldt and Zawidski made use of formul© 
which they derived from a general equation 
proposed independently by Duhem and by 
Margul&s, and it is to be noted that both formul©, 
in the simplest cases, can be reduced to one 

711/ i 771 a * 

originally given by Brown, -~j — , where 

m B m B 

m' A and m' B are the relative weights of the two 
substiyices in the Vapour, m A and m B the relative 
weights in tho liquid, and c is a constant. From 

Pa 

Zawidski’s formula it would follow that c= — . 

Pu 

So far as experimental evidence is available, it 
would appear that Brown’s formula is applicable 
to mixtures of liquids for which a A . B = a A .o B , 

p. 

and that for closely related liquids c=— . 

Pb 

Ancfther formula, which gives good results, 
fs proposed by Rosanoff, Bacon and Sohulze 
( loc . Cl t.). 

When the components of a liquid mixture 
are not chemically closely related, the relation 
between vapour pressure and molecular composi- 
tion is not, as a rule, fepresented by a straight 
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lij*e, but by a curve, and, in all probability, the 
form of the curve depends on the rotation between 
tt A n and \U K .a B , as shown in Fig. 7. That is to 
say, when 

a k \S' V« A .« n > 100p ^>Mp A +(100 — M)p B , 

and vice, versa. 

The greater the difference between a A B and 
sf « A .« n the greater wdl be the curvature ; and it 
will be seen that, for any given values of p A and 
Pi j, if the deviation from straightnesR exceeds 
a certain limit, thero must be a point of maximum 
or minimum pressure on the curve. Jt is 
obvious, also, that the smaller the difference 
betwoen p K and p R , the smaller will bo tho 
deviation required to give a maximum or 
minimum pressure. If n A lt is so much smaller 
than V a A .a l; that the two liquids are only 
partially miscible, the maximum pressure will 
not bo represented by a singlo point, but by a 
ho.izontal line forming part of the curve 

The influence of chemical relationship is 
well seen by the behaviour of the monhydric 
aliphatic alcohols towards water. These alcohols 
may be regarded as derivatives of water, formed 
by tho replace- 
ment of a hydro- 
gen atom by the 
group C n H 2n+1 ; 
the smaller the 
alkyl group, tho 
closer is the re- 
lationship of the 
alcohol to water. 
At tho ordinary 
temperate ro me- 
thyl alcohol is 
miscible with 
water in all pro- 
portions, as also 
are othyl and propyl alcohols ; normal butyl 
and Molmtyl alcohol aie only partially mis- 
cible with water ; and the solubility of the 
higher alcohols m water diminishes with rise of 
molecular weight, cotyl alcohol, for example, 
being practically insoluble. The volume and 
heat changes on admixture with water similarly 
indicate that the attraction of the unlike mole- 
cules diminishes as tho molecular weight of tho 
alcohol increases. Lastly, tho deviation of the 
vapour pressure curves from straightness 
incroases (Konowalow, Wied. Ann. 14, 34), as 
may be seen from Fig. 8. w 

(The temperatures are such that the vapour 
pressure of each pure alcohol is 400 mm ) 

The boiling-points of liquids which are not 
closely related cannot, as a rule, be calculated 

by means of the formula M=100~ D ^ . If, 
Pb~Pa 

as ia usually the case, the vapour pressures of 
the mixtures are higher than are given by tho 
formula 100p = Mp A -f (100 — M)p B , the ob- 
served boiling-points will be lower than the 
calculated ; if the vapour pressures are lowei’, 
the boiling-points will be higher. Moreover, 
when there is a point of maximum pressure on : 
the curve ^Jiich shows tho relation between 
vapour pressure and molecular composition, i 
there must be a point of minimum temperature « 


on the boiling-point — molecular composition 
curve, the composition of the mixture which 
exerts a maximum vapour pressure, p, at t° 
boing the same as that of the mixture which 
has tho minimum boiling-point, t°, under the 
pressure p. So, also, two substances capable 
of forming a mixture of minimum vapour 
ressure can also form a mixture of maximum 
oiling-point. 

Suchnnxtiires of either minimum or maximum 
boiling-point, when distilled, boil at a constant 
temperature without change of composition, 
like pure substances, and they have frequently 
been mistaken for chemical compounds. The* 
composition, however, depends on the pressure, 
which would not be tho case with a definite 
compound; and, moreover, mixtures of minimum 
boiling-point are formed owing to tho relatively 
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small attraction of the unlike molecules for 
each other. A very striking example of the 
influence of pressure on the composition of the 
mixture of constant boiling-point has been 
observed by Wade (Chem. Soc. Trans. 99, 997), 
in the case of ethyl aloohol and water. Under 
normal pressure the mixture of m inim um boiling- 
point contains 4-43 p.c. of water. At higher 
pressures the percentage of water is slightly 
higher ; at lower prossuree ,it is smaller, and 
it is remarkable that tfie diminution in the 
percentage of water becomes more and more 
rapid as the pressure falls, so that below 80 mm. 
no mixture of minimum boiling-point is formed 
at all. V. also Morriman, ibid. 103, 628 and 
1790. 

In the case of three liquids, if each of the 
three possible pairs is able to form a mixture of 
minimum boiling-point, it may happen that a 
particular mixture of all three liquids will boil 
constantly at a lower temperature than will any 
of the pairs or single liquids. Thus benzene and 
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water form such ternary mixtures of minimum 
boiling-point with ethyl, wjpropyl, wopropyl, 
and tertiary butyl alcohols (Young, Chem. Soc. 
Trans. 8l, 707 ; Fortey and Young, ibid. 81, 
730). 

A table of mixtures of constant boiling-point 
is given in Young’s Fractional Distillation, 
67-69. Other mixtures have since been dis- 
covered by Wade (Chem. Roc. Trans. 85, 938 ; 
87, 1656 ; v. also 95, 1842), and by other 
observers. The subject has been exhaustively 
studied by Locat, La Tension de Vapeur des 
Melanges deLiquidcs; 1’ Az6otropisme (Brussels, 
1918). Lecat has collected the data published 
by other chemists, and has himself investigated 
more than 2000 mixtures, and has discovered and 
tabulated a very great number of binary mixtures 
of minimum boding point, andamodera to number 
of binary mixtures of maximum boiling-point, 
and of ternary mixtures of minimum boiling- 
point. Ho has also observed the dependence of 
the composition of the azeotropic mixtures on 
the pressure iff a considerable number of cases. 

The composition of the vapour from a 
mixture of liquids which are not closely related, 
cannot, as a rule, be calculated from tho vapour 
pressures of the components and the composi- 
tion of the liquid, but for purposes oi interpola- 
tion the formula* of Lehfeldt, Zawulski or 
Kosanolf may be found useful (l r„) Kosanotl, 
Bacon and Schulze (/ c ) havo diseoveied a simple 
and very useful solution between the partial 
pressures (number of molecules) of the com- 
ponents in the vapour and tho vapour pressmen 
of tho mixture and of the two pure substances. 
They give a foimula which is applicable even 
when mixtures of maximum or minimum vapour 
pressure are formed 

Fractional distillation. It has been stated 

m' A m A 

that Brown’s formula, , =c , is applicable 

m „ w*„ 

to mixtures of all closely related liquids so far 
investigated, and that., in all probability 

Vk 

c=^ . The value of c is necessarily such that 

the vapour is richer tiian the liquid m the more 
volatile component. Tho first portion of 
distillate obtained by condensation of the 
vapour will, therefore, be richer, and the 
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residual liquid will be slightly poorer in that 
component. Continuing the distillation, the 
vapour evolved from the residual liquid will 
again be richer than the liquid in contact with 
it in tho more volatile component, though 
poorer than the first portion of vapour. If 
successive portions of vapour bo condensed, tho 
percentage of the more volatile component in 
the distillates or fractions will steadily diminish, 
until, if the constant c differs greatly irom unity, 
tho residue will consist of the less volatile liquid 
in a pure or very nearly pure state. As the 
distillation proceeds, the temperature will, there- 
fore, rise until, if c has a high value, tho boiling- 
point of the less volatile component is reached. 

If tho fractions obtained in the first distilla- 
tion were redistilled, each of them could be 
separated into smaller fractions, the first richer 
and tho last- poorer in the more volatile com- 
ponent, and by a process of systematic fractional 
distillation it- should, theoretically, be possible to 
effect a separation of buih components. 

A mathematical and experimental investiga- 
tion (Barroll, Thomas, and Young, Phil. Mag. 
(v.) 37, 8) of the behaviour on distillation of 
mixed liquids which follow Brown’s law, showed 
that with two components it is the liquid of 
higher boiling-point which is tho easier to 
separate ; and that if there’ are three or more 
components boiling at fairly equal intervals of 
temperature, the substances of intermediate 
boiling-point are the most difficult to separate, 
and the least volatile substance is the easiest. 
aSVc also Lord Rayleigh, Phil. Mag [5] 4, 527, 
and Rosunoff, Baker and Schulze, J. Amer. 
Chem. Soc 36, 1993 , 

The method employed for the fractional 
distillation of a mixture of two liquids can best 
be explained by taking a conciete example. A 
mixture of 100 grams of benzene (b p. 80‘2°) 
and 100 grams of toluene (bp. 110-6°) was 
slowly distilled, and the distillate was collected 
in a convenient number of fractions, the receivers 
being changed when the boiling-point reached 
certain deiimto previously arranged tempera- 
tures, the aetua.1 readings being corrected for 
barometric pressure and for errors in the 
thermometer scale Tho results of tho first 
four fractionations, and also of the ninth, are 
given in Table I. 
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Number of 
receiver 

Final 

Weight of fractiou = AW 

t ! AW 

(corrected)^ t 

I. 

II. 

IU, 

IV. 

IX. 

Pure benzene 

0 

_ 

__ 

_ 


8&-2 

10-20 

1 

81-2 

— 

— 

12-95 

31-55 

80 3 

46-00 

2 

83-2 

— 

3-80 

24-80 

23-90 

80-6 

17*55 

3 

86-2 

— 

33-85 

22-75 

16-20 

81-4 

7-20 

4 

89-2 

9-75 

22-30 

13-50 

9-55 

83-5 

4-50 

5 

92-2 

61-80 

19-65 

11-80 

8-00 

88-0 

3-30 

0 

95-4 

28-85 

13-60 

9-15 

6-80 

954 

2-75 

7 

98-6 

21-20 

12-95 

7-30 

6-35 

102-8 

2-60 

8 

101-0 i 

12-8U 

9-05 

6-75* 

4-65 

107-3 

2-85 

9 

104-6 

11-45 

8-90 

• 6-30 

* 3-85 

1094 

3-15 

10 

107-6 

14-15 

10-80 

7-95 1 

5-85 

110-2 

345 

11 

109-6 

13-45 

9-60 

8-95 

7-40 

110-5 

7-00 

12 | 

110-6 

24-90 

30-75 

33-05 

30-50 

110-6 

5-75 

Pure toluene 

(110-0) 

10-90 

22-95 

31-35 

42-10 

(110-6) 

• 

* 72-10 


2 o 


Voit. H.-r. 
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« In the first distillation the temperature rose 
almost at once to 86° (corr.), and the first 
portion of distillate was therefore collected in 
reoeiver 4. On the other hand, the temperature 
reached 110*6° before the whole of the liquid 
had come over; the residue, therefore, con- 
sisted of pure toluene. 

The distillate in receiver 4 was now placed 
in a smaller flask and distilled, fractions being 
collected in receivers 2, 3, and 4. When the 
temperaturo reached 89*2°, the flame was 
removed, and the contents of receiver b were 
added to the residue in the still. The distilla- 
tion was recommenced, and fractions were 
collected in receivers 3, 4, and 5, the flame being 
removed when the temperature reached 92*2°. 
The distillation was continued in a similar 
manner until, after addition of the contents of 
receiver 12, the temperature roso to 110*6°, 
when the residue of pure toluene was added to 
that from the first fractionation. The third 
and fourth fractionations were carried out like 
the second. In the subsequent fractionations 
the temperature ranges of the middle fractions 
were gradually increased and those of the lowest 
and highest fractions diminished. It was not 
until the ninth fractionation that pure benzene 
began to be collected. Eventually 81*4 grams 
of pure benzeno and 88*8 grams of pure toluene 
were recovered. 

Full details of the systematic fractional 
distillation of mixtures of two liquids and three 
liquids, and of more complex mixtures, are given 
in ‘Fractional Distillation,’ 114-143. 

If the components of a mixturo are not 
closely related, the composition of tho vapour 
cannot, as a rule, be calculated by Brown’s 
formula, but even in such cases tho percentage 
of the more volatile component in the vapour 
will be greater than in the liquid, and the 
separation by fractional distillation is theoreti- 
cally possible, uhless the deviation of the 
vapour pressure-composition curve from straight- 
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ness is so great that a mixturo of maximum or 
minimum vapour pressure is formed. 

For mixtures to which Brown’s law is 
applicable, it may bo stated quite generally 
that the greater the difference between the 
boiling-points of the compounds, 'the more 
readily oan a separation be effected by fractional 
distillation, but for other mixtures the form of 
the curve representing the relation between 
boiling-point and mmecular composition, if 
known, must be ta^en into account. If the 
curve for two components were of the form a 


(Fig. 9), the substance of higher boiling-pointi 
could be separated very easily, but the more 
volatile component only with gbeat difficulty, if 
at all. On the other hand, it the curve were 
of the form 6, nearly horizontal at the higher 
temperature, the more volatile component 
would be comparatively easy, and the less 
volatile difficult to separate. The first case is 
frequently met with, tne second seldom. With 
curves of tho form c and d (Fig. 10) it would not, 
under any conditions, be possible to separate 
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both components by distillation of any given 
mixture, but it would be possible to separate 
tho mixture of minimum or maximum boiling- 
point from that component which was in excess. 
In a case represented by curve c, where the 
minimum temperature corresponds to the 
molocular composition q, the distillation might 
proceed in cither of three ways : (1) If the liquid 
mixture had the composition q, it would distil 
unchanged in composition at the constant 
minimum temperature ; (2) if the molecular 
percentage of A were less than q, the liquid 
would tend to separate into two components, 
the more volatile of which would be the mixture 
of minimum boiling-point, and the less volatile 
the substance B ; (3) if the molecular percentage 
of A were greater than q, the components 
separable by distillation would be, first, the 
mixture of minimum boiling-point, and, second, 
the liquid A. A well-known case of this kind 
is that of normal propyl alcohol and water ; 
the boiling-points under normal pressure are; 
water, 100° ; n-propyl alcohol, 97*2° ; mixture 
of minimum b.p. 87 *7°. * This mixture contains 
43*2 molecules p.c. of the alcohol; it was 
described for many years as a hydrate of 
propyl alcohol. If the curve had the form rf, the 
mixture would distil like a pure liquid if it had 
the composition r, or it would tend to separate 
into two components, the first being either 
A or B, accoraing as the molecular percentage 
of A in the original mixture was greater or less 
than r, and the second the mixture of maximum 
boiling-point. Formio acid and water behave 
in this manner, as shown by Eoscoe (Chem. Soo. 
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Tmm. IS, 146 ; 16, 270). Boiling.poJnte : water 
100° j lormio aoid, 80-9° ; mixture of maximum 
b.p., 107*1° ; molecular percentage of acid in 
mixture, 66*7°. 

If, as with ethyl alcohol and water (Fig. 11), 
the mixture of constant boiling-point distils at 
neaily the same temperature as one ot the two 

{ jure liquids, it is impossible to separate that 
iquid in a pure state by distillation. In this 
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case, as the curve is exceedingly flat at the lower 
temperature (Noyes and W artel, J. Amer. Chem 
Hoc. 23, 4G3), it is practically impossible to 
separate the mixture of minimum boiling-point 
(containing 4 43 p.e. by weight of water) m a 
pure state even when water is in excess, although 
ft is quite oasy to separate pure water from diluto 
spirit. 

The correct interpretation of the results of 
the fractional distillation of a complex mixture 
may be rendered very difficult by the following 
causes: (1) the presence of 
two components boiling at 
nearly the same temperature ; 

(2) tiio presence of one or more 
components m relatively very 
small quantity ; (3) the forma- 
tion of mixtures of constant 
boiling-point. It is only by 
plotting the total weights of 
distillate against the tempera- 
tures, or by dividing the weight 
of each fraction, by .its 
temperature rango and tabu- 
lating the ratios AwjAt, that 
the results are likely to bo 
understood, and in. any caso, 
the existence of a mixture of 
constant boiling-point may not 
be discovered, and it may be 
difficult to decide whether a 
distillate collected at a practi- 
cally constant temperature con- 
sists of a single pure substance 
or of two liquids boiling at 
nearly the same temperature. 

All the above difficulties are met with in the 
fractional distillation* of petroleum, which 
contains homologous and isomeric paraffins, 
polymethylenes and their alkyl derivatives 
(naphthenes) and aromatic hydrocarbons, Rus- 
sian petroleum being relatively rich, and Ameri- 
can petroleum poor in naphthenes and aromatic 
hydrocarbons. When American petroleum was 
carefully distilled, it appeared at first as though 
the distillate coming over between the ordinary 
temperature and 40° contained only a single 

i 1 » « 4 nksviit. ftft 0 . V>n+. Kv OTTO. 


efficient still-head, it beoame evident (Fig. 12) 
that two components, isopentane, b.p. 27*95 , 
and normal pentane, b.p. 36*2°, were present 
(Young, Chem. Soo. TranB. 71, 440). Again, in 
the early fractionations there appeared to be no 
indication of the presence of any component 
boiling between 40° and 60°, but by tabulating 
the values of Aw/A t, it was seen that a very 
small quantity of a liquid bdiling at about 50° 
was present, and a distillate coming over almost 
constantly at 49 5° was eventually obtained. 
A chemical and physical investigation of this 
distillate showed, howover, that it was a mixture 
of pentamothylene and a hexane of low boiling- 
point. The presence of benzene in American 
petroleum is indicated by the formation of 
dimtrobenzeno, when the distillate from, say, 
60° to 80° is treated with nitric and sulphuric 
acids (iSehorlemmcr, Annalen, 127, 311). But 
when the petroleum was carefully fractionated, 
it was found that the small fraction coming over 
at about 80° yielded no dmitrobenzene, the 
greater part being obtained from the fractions 
below 70°. This anomaly is explained by the 
fact that benzene forms a mixturo of constant 
boihng-pomt with n -hexane, coming over at 
almost the same temperature as the paraffin. 
The amount of benzene being relatively small, 
the whole of it distils over at the low tempera- 
ture. In Russian petroleum the percentage of 
benzene is so much greater that some of it 
comes over at its true boiling-point, 80 2° 
(Young, Chem. Hoc. Trans. 73, 905). 

( For a detailed discussion of tho interpretation 
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of the results of the fractionation of complex 
mixtures, v. Fractional Distillation, chap. 19.) 

Improved still-heads, it would be quite im- 
possible to effect really difficult separations by 
means of the ordinary apparatus employed for 
distillation, and various modifications of the still- 
head ha\*> been devised in order to increase its 
efficiency. Even when the separation is an easy 
one, much tim e and material may b6 saved by 
the employment of efficient still-heads. Great 
progress was made in the improvement of the 
still-head in commerce — notably fo? the better 


component, boiling at about 33° ; but by sys- I still-head in commerce— notably foT the better 
tbmaSc fractional distillation with a very separation of alcohol frtm weak spirit*— before 
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anv advanoe was made in the laboratory. It 
will, however, be more convenient to consider 
first those forms of apparatus which are suitable 
for laboratory purposes. 

In choosing or constructing a still-head, the 
first point to be considered is its efficiency in 
separating the components of a mixture. It 
frequently happens, however, that the quantity 
of liquid available is small, and it is therefore 
important that tho quantity of condensed 
liquid in the still-head at any moment shall be 
as small as possible, if tho residual liquid is 
to value, it is also of importance that the 
condensed liquid in the still-head shall all return 
to the still after tho source of heat is removed. 

In comparing the efficiency and usefulness 
of different still-heads, it is necessary always to 
distil a mixture of the same composition ; and 
tho rate of distillation must always be tho same, 
because tho efficiency of any still-head is greatly 
diminished by increasing the rate. In tho 
comparisons mentioned in this article, equal 
weights of pure benzene and pure toluene were 
employed, and the distillate was collected at tho | 
rate oi one drop per second. Unless otherwise 
stated, 50 grams of the mixture were distilled. 

Of all possible forms, the plain vertical still- 
head is the least efficient. During distillation, 
as the vapour rises up the cylindrical tube, the 
outer part of it comes in contact with the con- 
densed liquid flowing down the sides of the 
tube. Since the tube is constantly losing heat 
by radiation and by conduction to the surround- 
ing air, this liquid is constantly cooled and 
fresh condensation constantly goes on, tho 
outermost layer of vapour probably condensing 
almost completely with little change of com- 
position. The central portion of vapour rises 
rapidly up tho tube, and can only roach the liquid 
by diffusion or by convection currents, and 
much of it may pass through the still-head 
without reaching tho liquid at all ; the con- 
densed liquid, on the other hand, flows rapidly 
back to the still. In order, however, that a 
satisfactory separation of the components may 
take place, as much of the vapour as possible 
should come in contact with the hot condensed 
liquid, so that equilibrium, as regards composi- 
tion, may be brought about all through the tube. 

The efficiency of a plain vertical 
still-head is, roughly, proportional to 
its length. For tubes of equal 
length the efficiency is lowest when 
the internal diameter is about 14 mm. 
On the other hand, the. quantity of 
liquid and vapour in the fUU-head 
increases regularly with the width 
of the tube ; it is therefore better 
to use very narrow rather than very 
wide tubing. 

esa Better contact between liquid 
W and vapour, and therefore greater 
iii efficiency, is ensured by sloping the 
A middle part of the tube, the extre- 
mities being kept vertical, and the 
efficiency is further improved by 
bending'the eloping portion so as°t'o 
<7 form a spiral. In Young’s ‘ rod and 
Fig 13 disc’ still-head (Fig. 13), the downflow 
of part of the condensed liquid is 
greatly retarded by the discs on' the central glass 
rod, and this liquid is protected from the cooling 


action of the air ; at tho same time, eddies and 
oross- currents are produced in the vapour. The 
increase in efficiency caused by the intiroduotion 
of the easily constructed rod with discs is very 
marked. Wurtz (Ann. Chim. Phys. iii. 42, 129) 
recommended a vertical tube with a series of 
bulbs blown on it, and Young has shown that 
the efficiency is somewhat increased and the 
amount of liquid in the still-head is greatly 
diminished by blowing pear-shaped instead of 
spherical bulbs on the tube (Fig. 14). The ‘ rod 
and disc ’ and ‘ pear ’ still-headH are specially 
suitable for liquids of high boihng -point. 

Greater efficiency, combined with diminished 
condensation of liquid m the still-head, is 
attained in Young’s ‘evaporator’ column, one 
section of which is shown in Fig. 15. The 
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vapour rises up the inner tube, passes down 
between tho inner and middle tubes, and up 
agam between the middlo and outer tubes, and 
so reaches the section above. The liquid con- 
densed in the upper part of the still-head falls 
in drojis from the depression at the top of the 
section on to the flattened top of the inverted 
middle tube, ami spreads itself over its surface, 
falling agam in drops from the bottom of this 
tube. The temperature of ■'the vapour passing 
through the inner tube of any section being 
higher than the boiling-point of the condensed 
liquid falling on to the inverted tube, ^-evapora- 
tion takes place to some oxtont, and, if there is 
much difference between the boiling-points of 
the components of the mixture being distilled, 
ebullition may actually occur. The quantity of 
condensed liquid in the still-head is thereby 
greatly reduced. The ‘ evaporator ’ still-head 
is specially suitable for accurate work where 
reat efficiency is requiied' (Chem. Soc. Trans. 
5, 679 ; Wade and Merriman, ibid. 99, 984). 

The 1 Hempel ’ still-head (Zeitsoh. anal. Chem. 
20, 502) consists simply of a wide vertical tube, 
filled with glass beads of special construction, 
and constricted below to prevent the beads 
from falling out. A short, narrower vertical 
tube with side delivery tube is fitted by means of 
a cork into the wider tube. The advantages 
of the Hempel apparatus are simplicity and 
efficiency, but the amount of liquid in the still- 
head is excessive. Easchig employs thin rings 
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of copper or some other metal in place of the 
glass beads, the depth of a ring being about 
equal to its diameter. Lessing uses split rings, 
tnie metaJ being also bent inwards across the 
ring, thus (£). These rings are easier to con- 


struct and give a larger surface } they give very 
good results. Rings are muoh lighter than 
beads. 

The results obtained with various still-heads 
are given in Table II. 
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In many of the still-heads employed on the 
large scale, for example in the Ooffoy still (Fig. 28), 
the condensed liquid is caused, by means of 
suitable obstructions, to collect into shallow 
pools, and the ascending vapour has to foTco its 
way through these pools ; very good contact is 
thus brought about between vapour and liquid 
at definite inteivals. The excess of liquid is 
carried back from pool to pool, and finally to the j 
still by suitable trapped roflux tubes. It is 
convenient to reserve the term 1 deplilegmator 1 
for this class of still-head The ‘ l.e Bel- 
Henninger ’ (Fig. 16) and the ‘ Glinsky ’ (Fig. 17) 
dephlegmators have been very frequently 
employed for laboratory work, but they do not 
give good results when small quantities of 
liquid are distilled ; the dephlegmators of 
Brown (Chem. Soc. Trans. 37, 49) (Fig. 18) and 
of Young and Thomas (ibid. 75, 579) follow the 
principle of the Coffey still more closely, and are 
muoh better in this respect. 

In a comparison of the Glinsky, Le Bel- 
Henninger, and Young and Thomas dephleg- 
matora, each with three sections, it was found 
that when 400 grams of the mixture of benzene 
and toluene were distilled, thero was not a 
great difference in efficiency, but the Glinsky 


was tho least satisfactory. With 50 grams of 
tho mixture tho differences (Table TT.) were 



Fig. 16* Fig. 17. Fig 18. 

quite noticeable, and with 25 %rams they 
were greatly accentuated. With the Glinsky 
1 Unnecessarily Jong. 
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oolumn the highest temperature reached was 
only 107*6°, ana the residue, when distilled from 
a very small bulb, came over between 102*2° 
and 110*4°. No pure toluene was therefore 
obtained, and the residue left in the still was 
distinctly less pure than the last portion of 
distillate collected. With the Le Bel-Henninger 
column the highest temperature was only 
107*26°, and the residue began to boil at 106*7° ; 
with tho Young and Thomas column the tem- 
perature just reached 110*6", and the residue 
negan to boil at 110*4°. Tho ‘rod and disc,’ 
the ‘ pear,’ and the * evaporator ’ still-heads I 
gave better results when only 26 grams of tho 
mixture wore distilled, the residue in each case 
consisting of pure toluene. These results show 
that for small quantities of liquid the Young 
and Thomas dephlegmator gives much hotter 
results than the Glinsky or Le Bel-Henninger, 
but that none of them is so satisfactory as the 
other still-heads. 

In order that a dephlegmator may give the 
best results, the following requirements should 
be fulfilled : 1. It should be possible to greatly 
increase tho number of sections without seriously 
increasing the fragility of the apparatus 2. As 
the amount ®f condensed liquid flowing back at 
any level is greatest at the bottom and least at 
the top, it follows that, in order to form a pool, 
more complete obstruction is required at the top 
of the column than at tho bottom. 3. Since the 
amount of condensed liquid m tho still-head 
should be as small as possible consistently with 
efficiency, the reflux tubes should not be wider — 
in that part which is filled with liquid during 
distillation — than is nccossary to carry back the 
liquid freely, and the traps should be no deeper 
than is required to prevent the ascending vapour 
from forcing its way through them. On the 
othor hand, the upper pait of the reflux tubes 
should be wide, so as to facilitate the entrance 
of the liquid. 4. There should be a rapid flow 
of condensed liquid through the reflux tubes, 
otherwise the change in composition of the 
liquid in those tubes will lag behind that of tho 
distillate. 6. There should be a reflux tube 
connecting each section with the one below it, 
so that the change in composition may bo 
regular from top to bottom of the column. In 
this respect tho Glinsky dephlegmator is entirely 
wrong m principle. 6. When the distillation is 
completed, the rosidual liquid should return as 
completely as possible from the still-head to the 
still. In this respect the dephlegmators as a 
class are less satisfactory than the other still- 
heads. 

By surrounding the still-head with water or 
any other liquid, the temperature of which is 
kept as little above tho boiling-point of the more 
volatile component as will allow of vapour 
passing through, a considerable improvement- in 
the separation is effected. The temperature of 
the bath, however, requires very careful regula- 
tion if the boiling-points of tho components are 
near together, or if one component is present in 
large exooss, for in either case a fall of a fraction 
of a degree would cause complete condensation 
of the vapour, while a slight rise of temperature 
would prevent any condensation from taking 
place, and there would be no fractionation what- 
ever. In constructing regulated temperature 
still-head, it is advisable to bend the tube into 
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the form of a spiral, because its effective length 
may thus be greatly increased without unduly 
adding to the height of the bath, and also 
because the spiral form is more efficient than the 
vertical. But Rosanoff and Bacon (J. Amer. 
Chem. Soc. 37, 301) find that an annular form of 
regulated temperature Btill-head is far more 
efficient and quite as simple as the spiral tube 
form. This class of still-head 
was first recommended by 
Warren (Annalon, Suppl. 4, 

61). A better apparatus was 
described by Brown (Chem. 

Soc. Trans. 37, 49 ; 39, 617) 

(Fig. 19). A combination of 
a regulated temperature still- 
head and dephlegmator was 
employed by Young and 
Thomas {ibid. 71, 440) for 
the separation of normal 
and wo-pentano from petro- 
leum. 

Experiments to test the 
relative efficiency of these 
various forms of apparatus 
have been made by Krois 
(Annalen, 224, 269 ; Claudon, 

Bull. Soc. chim. 42, 013; 

Brown, Chem, Soc. Trans 
37, 49 ; Yoiing, ibid. 75, 

679; Fractional Distillation, chaps. 10, II, and 
14; Friedrichs, Zeitschr. Angew. Chem., 32, 
341). 

Continuous distillation of wort has long been 
carried out on the large scale by means of the 
Coffey still (Fig. 28). In 1902 Carvoth (J. Phys. 
Chem. 6, 253) and Lord Rayleigh (Phil. Mag. 
vi. 4, 521) independently suggested apparatus 
intended for use in tho laboratory. The liquid 
to be distilled (or its vapour) is introduced 
continuously mto the middle part of a long spiral 
or other still-head, the lower part of which is 

f treventod, by moans of a liquid or vapour-bath, 
rom cooling below tho boiling -point of the lesB 
volatde of tho two components, while the 
temperature of the upper part is prevented, by 
means of a liquid hath, from rising above the 
boiling-point of the more volatile component. 
Lord Rayleigh obtained good results in the 
distillation of weak spirit. It is probable that 
the method might be made applicable to the 
distillation of mixtures of three components 
(Fractional Distillation, 189). See also Rosanoff, 
U. S. Pat. 1171 464. Constant temperature zones 
are utilised to obtain products of the desired 
composition. 

As many of the stills used in the arts are 
described under the headings Alcohol, Ben- 
zene, PAkaffin, &c., it will be unnecessary 
here to give a minute- description of all of 
them, but an account of the principles under- 
lying tho different methods will not be out of 
place. 

The still is usually made of copper or some 
other metal, but for special purposes other 
materials must be employed. Thus for the 
distillation of sulphuric acid, vessels of glass or 

J ilatinum are used ; for nitrio acid, oast iron is 
ound to be the best material; stoneware or 
glass stills are employed for bromine and iddine ; 
and so on. 

The still may be heated by the frpe flame 
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of a furnace or by steam. Fig. 20 shows an 
arrangement for heating a Btul with steam, 
which may be above the atmoBpherio pres- 
sure. 

When only a rough separation of the consti- 
tuents of a oomplex mixture is required, as in 



the preliminary distillation of coal tar, dephleg- 
mators or rectifiers arc not employed, but the 
vapours pass directly from the* still to the con- 
denser. 

For the better separation of tho components 
of a mixture, modified still-heads are employed. 
A simple apparatus, devised by Mansfield for the 
distillation of tar oils, is shown m Fig. 21 ; the 
vapours are partially condensed in the still-head 
A, which is cooled by water, and the condensed 
liquid flows back into the still b, the purified 
vapour passing on to the condenser c. 



A more porfect separation is effected by 
Coupler’s apparatus (Fig. 22). In addition to tho 
oolumn a, there is a series of bulbs, b, b, placed in 
a cistern containing brmo, which may bo heated 
by steam by means of tho pipe e. The vapour — 
of benzene, for example— partially freed from 
loss volatile substances in the column, is furthor 
purified by partial condensation in the bulbs, the 
condensed, liquid flowing back by the tubes d, d 
into the oolumn, while tne purified vapour passes 
on to the condenser by the pipe E. 

A very similar arrangement is seen in the 
Frenoh oolumn apparatus (Fig. 23). The liquid 
is hosted by a steam coil in a; the vapour is 



In Savalle’s apparatus also the vapours pass 
first through a dephlogmator or analysing 
column, then through a 
surface or multitubular 
condensor, which is pro- 
vided with a water supply, 
so regulated that its 
temperature is about that 
of the boiling-point of tho 
liquid# required ; the liquid 
condensed in the regulated- 
temperature still- head re- 
turns to the dephlegmator, 
and the purified vapour 
passes on to the cold con- 
denser. 

In most of the Btill-heads 
employed on the largo scale, 
the vapour first passes 
through a dephlegmator, 
fcho construction of which 
varies considerably in dif- 
ferent cases. Dubrunfaut’s 
dephlegmator, employed in 
the Frenoh column apparatus, «ts shown in 
Fig. 24. Two other* devised by Savalle, ore 
represented in Figs. 25 am^26. 





Fro. 24. 


partially purified in the rectifier b ; it is further 
freed from the less volatile components in the 



condensing apparatus o, and finally reaches the 
condenser d. 
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In the Ergot dephlegmator an arrange* I 
ment somewhat similar to the dome (Fig. 24) ] 
is usod, but a large number of these domes are 
placed in each tray, and the condensed liquid is 
made to follow a zigzag course from the circum- 
ference to the centre of each tray. 
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The principle of the still-head m the Pistonus 
still is quite different. The vapour, entoring a 
section (Fig. 27) of the still-head, ib deflected 
from centre to circumference by the flat dome ; 
it then passes back to the centre above the 
dome, and is partially condensed by the water 
in the shallow vessel above. It may be pointed 
out that if, m the Pistorius still-head, the ‘ roof ’ 


of the section were depressed at the centro 
instead of the circumference, the condensed 
liquid would drop on to the flat dome below, 
and the arrangement would then be somewhat 
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similar to that of the ‘ evaporator * still-head 
(Fig 15). In all probability the efficiency of 
the still-head would thereby bo greatly increased. 
Kubiorschky (Or. Pat. 2(59995. 1913) has 
devised an excellent column in which the liquid 



falls in drops through perforated plates, whilst | between two concentric cylinders. The vapour 
the vapour passes freely upwards and down- ' from the still passes up the long spiral passage 
wards, travelling from centre to circumference before reaching the condensor. The inner 
and from circumference to centre alternately, cylinder can, if desired, be used as a thermostat, 
coming into intimate contact with the faffing the column then acting as a regulated-tempera- 
drops. ture still-head. Dutton (J. Soc. Ohcm. Ina. 38, 

A simple and efficient still-head hae been 45 T.) has described a still-head, suitable for 
described by Fouoar (Eng. Pat. 19999 of 1908). laboratory work, somewhat similar in principle 
The column consists essentially of a holical to Foucer’s. A spiral of wire is wound round an 
septum whiok traverse? the annular space I inner closed tube which fits quite loosely in the 
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outer tube of the still-head. But excessive con- 
densation, with consequent priming, mdst be 

E re vented by covering the tube with a thick 
tyer of ootton wool. The still-head is stated to 
give very good results. 

A. Hirech (J. Ind. Eng. Chem. 1910, 2, 409) 
recommends the use of a differential condenser 
in the still-head, in the form of a spiral of metal 
tubing, through which a current of water of 
regulated initial and final temperature is causod 
to flow. The apparatus works easily and well 
so long as the temperature of the vapour leaving 
the still -head is considerably lower than that of 
the vapour entering it ; but tho difficulty of 
regulation increases greatly as this temperature- 
difference diminishes. 

For work on the large scale Hirseh recom- 
mends tMte introduction of a differential con- 
denser between the lower and upper parts of 
a rectifying column 

In England, tho Coffey still is largely used ; 
it differs considerably from those described, in- 
asmuch as there : s no large boilor, and the heat 
is supplied, not from an outer fire or steam- 
jacket, but by the condensation of steam in the 
wort ; moreover, the process is continuous. The 
essontial parts of the apparatus areshownin Fig. 28 
(p. 5(18). Tho wort is pumped from a reservoir a, 
up the pipe n, and passes down the zigzag pipe 
co, where it is heated by the ascending vapours, 
then up tho pipe n, from which it is discharged 
into the column e It- is prevented from falling 
through the perforated plates of the column or 
analyser by the ascending vapours, but falls 
through the pipes ip e, from one plate to another 
until it reaches the bottom, when it is allowed 
to escape. Meanwhile, steam is passed into the 
•analyser is by the pipe n, and causes the wort to 
boil, so that by the time it lias reached the 
bottom it is completely deprived of alcohol. 
The ascending vapours force their way through 
the perforated plates of the analyser, a portion 
of tho aqueous vapour being condensed by each 
washing, and the descending wort- being thereby 
heated. On reaching the top of the column, the 
concentrated alcoholic vapour passes down the 
pipe k into the rectifier, and there ascends 
through similar perforated plates ; but in the 
rectifier it is not washed by wort, but by the 
weak alcohol formed by the previous condensa- 
tion of vapour. This dilute alcohol, on reaching 
the bottom of the rectifier, flows off into a reser- 
voir, from which it is pumped into the top of 
the analyser, where it mixes .with the descending 
wort, fn the upper part of the rectifier there 
are simply shelves, which compel the vapour to 
take the same zigzag course as the pipe which 
conveys the wort downwards. The purified and 
concentrated vapour then passes through the 
pipe l to the condenser. In modern continuous 
stills of tho Coffey* type t-horo are spocial 
arrangements for the separation of (a) volatile 
impurities sach as aldehyde, (6) pure rectified 
spirit, (c) fusel oil. For details the articles on 
Alcohol, etc., should be consulted. S. Y. 

DISTYRENE C la H, # . Produced by heating 
styrene (?.v.) with hydrochloric acid at 170® 
(Erlenmeyer, Annalen, 135, 122). Also, together 
with diatyrenio acid and carbon dioxide, by 
prolonged boiling of cinnamic aoid with diluted 
sulphuric aoid (Fittig, Ber. 12, 1739-1744; 
Erdmann, Annalen, 210, 179-199). 


A colourless optically inactive oil, with a 
blue fluorescence, whioh gradually disappears ; 
sp.gr. 1*010 at 15°; b.p. 311°. On prolonged 
boiling yields toluene, isopropylbenzene, and 
some styrene ; whereas metastyrene, produced 
from styrene on keeping, or heating in sealed 
tubes at 200° (Kovalevsky, Annalen, 120, 66), 
or with aqueous sodium bisulphite at 110° 
(Miller, ibid. 189, 341), passes almost quantita- 
tively into styrene at 320° (Stobbe and Posjnak, 
ibid. 571, 259-280). 

Distyrene yields benzoic acid on oxidation 
with chromio acid ; and a crystalline dibromide 
C ia H,.Br 2 (m.p. 102°) on brominating in oarbon 
disulphide solution. 

According to Stobbe and Posjnak (Annalen, 
371, 287-302), distyrene is ay-diphonyl-A a - butene 
C fl H 6 — CH=CH— CH(CH,)— C 6 H b 

Distyrene disvlphonic acid (dicinnamene 
disulphonic acid) C 18 H 14 (S0 3 H) a , described by 
Lange as obtained on heating 7-truxillio acia 
with sulphuric acid (Ber. 27, 1410-1416),* is 
therefore not a derivative of distyreno. 

Solid distyrene ; m.p. 124° ; obtained by 
distilling cinnamic acid or its calcium salt 
(Englcr and Lcist, Ber. 6, 256 ; Miller, Annalen, 
189, 340), and by passing C 9 H 6 *C 2 H 3 Br, over 
rod-hot lime (Radziszewski, Ber. 6, 494), has 
been shown by Erlenmeyer (Annalen, 372, 
249-251) to be stilbene. 

DISULPHO ACID S. Delta acid , 1 - Naphthyl • 
am iv c A : 8- disvlphonic acid v. Naphthalene. 

DITA BARK. Satveev (Ph. ,T. r Trans. [3] 7, 
110). The bark of Alsiovia scholau (R. Br.), 
an apoeynaceous tree found in India, the 
Philippines. Eastern Australia, and tropical 
Africa (Ber. 11, 2234). 

According to Harnack (ibid. 11, 2004; 
Chem. Soc. Trans. [2] 36, 332), it contains only 
one base, ditaw e, a basic glucoside, having the 
composition C t2 H 30 N 2 O 4 ; but Hesse (Annalen, 
203, 144; Ber. 13, 1750; Pharm. J. [3] 11, 

I 251, 331) found in it three bodies: ditamine . 
0 16 M 1B N0 2 ; echitamine (cchitammonium hy- 
droxide), 0 22 H 2 r N 2 0 4 ,H 2 0, melting with decom- 
position at 106° (this base is identical with 
j Hamack’s diiaine) ; and echt ovine C 20 H 27 NO 4 , 
a brown amorphous mass, melting above 120°, 
soluble in chloroform, alcohol, and ether. It 
dissolves in nitric acid with the production of a 
purple-red colour which quickly passes through 
green into yellow. 

Tho milky juice of this tree has the same 
properties as guttapercha ; when inspissated it 
softens* in boiling water, is soluble in turpentine 
and chloroform, and receives and retains impres- 
sions. A decoction of the bark is used as an 
astringent tonic. 

DITAINE v. J)ita baek. 

DITHI0N. Trade name for sodium dithio- 
salicylate : used as an antirheumatic. 

DITTANY. The root of Dictamnus albus 
(Linn.) f(ord. Jivtaccm), a native of the 
south o^Europe. It contains a volatile oil, and 
also resin, bitter extractive matter, and gum ; 
ahd was formerly employed in medicine, 
especially for the treatment of epilepsy (Aldis, 
Lond. Med. Gaz. 19, 142). 

* Cretan Ditany ’ is the common flame for Or*. 
ganum dictamnus (Linn^, a native of the Levant. 

DIURETIN. A compound of sodium 
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theobromine and sodium s alkylate (c. Synthetic 

drugs). 

DIVICINE v. Vicine. 

DIVI-DIVI. Divi-divi consists of the dried 
pods of the Caisalpinia coriarim (WilkL), a tree 
20-30 feet high, found in the West Indies and 
Central America. The pods are about 3 inohes 
long and J inch broad, are very thin, and 
frequently resemble in shape the letter S. 
From 40 to 45 p.c. of tannin is present, which 
consists of ellagitannin and probably also 
gallotannin. Extracts of this material have 
a somewhat unfortunate tendency to ferment, 
with simultaneous development of a deep-red 
colouring matter ; but this can bo prevented to 
some extent by the use of antiseptics. Divi-divi 
is largely imported for the preparation of 
leather, and is also employed for black dyeing, 
but its use is far more limited in this latter 
respect than myrabolans. A. G. P. 

DOCIMACY or DOCIMASY. ( Docimasie , Fr.) 
Originally the act or art of examining by test 
{SoKi/jMcla, a test), applied m metallurgy to ex- 
periments made to determine the nature and 
purity of a metal ; in pharmacy, to the testing of 
medicines and poisons ; in medical jurispru- 
dence, to the different proofs to which tho lungs 
of a new-born child are subjected, for the 
purpose of ascertaining whether it was bom 
alivo or dead (Dungbson). Usually employod 
in chemistry as synonymous with assaying. 

n-DODECANEDICARBOXYLIC ACID 

C0 2 H(CH 2 ) 12 C0 2 H 

Prepared by hydrolysing the diethyl estor 
obtained by tho electrolysis of an aqueous 
solution of the monoethyl ester of suboric acid 
(Brown and Walker, Annalen, 261, 123) ; or by 
the oxidation of chaulmoogric acid, obtained 
from chaulmoogra seeds (Barroweliffo and 
Power, Chem Soc. Trans. 1907, 568) ; m.p.»123°. 

DODECATOIC ACIDS C 12 I1 24 0 2 . 

1. Laurie acid, found by Marsson in laurel fat, 
a glyceride obtained from Lawrus nobxlis (Linn.) 
(Marsson, Annalen, 41, 330); also present in 
oocoa-nut oil (Gorgey, ibid. 66, 295), m pichunn 
beans, in Dika broad, and in the fruit of Oylico- 
daphne sebijera (Oudemans, Zeitsch. Chem. 
1867, 266) ; m.p. 43 5 ; (m.p. 47 , 5°-48°, Levene 
and West) ; Bp.gr. 0-883/20° and 0*875/43-6° ; 
b.p. 225-5° (100 mm.). 

2. Hordeic acid is found among the products 

of the distillation of dried barley with dilute 
sulphuric acid ; forms crystalline plates ; 
m.p. 60° (Beckmann, J. 1855, 513). „ 

DOG-TOOTH SPAR. The scalenohedral form 
of caloapar (v. Calcite or Calcspar). 

DOLERITE. An igneous rock composed 
essentially of plagioclase-felspar (labradonte to 
anorthite) and augite, and of the same general 
chemical and mineral composition as the coarse- 
grained plutonic gabbros and the fine-grained 
volcanic basalts, but intermediate in texture 
between these two extreme types. Other 
minerals may also be present, especially olivine, 
giving the varieties olivine-dolerite, enstatite- 
aolente, homblende-dolerite, mica-dolerite, 
and quartz-dolerito. Accessory minerals, usually 
present, are magnetite and ilmenitfc ; and 
secondary funerals, produced by alteration, 
include quartz, calcite* epidote, chlorite, and 
serpentine. Dolerites occur as intrusive veins, 


dykes, and sills ; and very often they pass 
imperceptibly into basalts. The texture may 
be coarse enough for the individual mineral to 
be distinguishable to the unaided eve, or it 
may be so fine that these can only be distin- 
guished in thin sections under the microscope. 
In the latter case the rock is compact and dark 
greenish-black or black in colour. Often, owing 
to the presence of secondary minerals, the colour 
is distinctly green, and tne rock is then fre- 
quently included under the general term 
‘ greenstone.’ The specific gravity ranges 
from 2-8 to 3-0, and the orushing strength is 
about 1600 tons per square foot. The following 
analyses are of dolente from I, Rowley Regis, 
Staffordshire ; 11, Oleo Hill, Shropshire ; III, 
quartz-dolerite from the Whin Sill, Co. Durham 
(including MnO 016, C0 2 0-19, P 2 O 0 0*25, 
FeS 2 0-49); IV, olivine-dolerite from Skye 
(including MnO 017, BaO 0*00, P 2 0 6 0 17). 



I. 

II. 

ITI. 

IV. 

SiO, . 

49-0 

48-4 

51-22 

50-33 

Tff>“ 

2-8 

3 1 

2-42 

1-81 

Al 2 () 3 

15-3 

13 4 

14 06 

19-97 

Fe 2 Oj 

2 6 

4-0 

4-32 

2*81 

FeO 

82 

8-5 

8-73 

6-23 

CaO 

8-2 

8-6 

8 33 

8-03 

MgO 

4 9 

6-5 

4-42 

3-24 

K.,0 . 

.2-6 

21 

1-25 

1-19 

Na 2 0 

2-5 

3 1 

2 55 

4-30 

H 2 0 . 

3-3 

22 

1-28 

1-86 

Dolerites 

are of 

wide 

distribution 

and are 


much quarried for road-metal and paving-setts. 
Being difficult to work and of a dull colour, they 
are not much used as building stones ( v . Diabase). 

L. J. S. 

DOLOMITE. This term includes both dolo- 
mite-spar and dolomite-rock, both of which are 
often referred to simply as dolomite. They bear 
tho same relation to one another as calcite (calc- 
spar) to limestone, and as quartz to quartzite ; 
these being cases in which a single mineral 
species builds up a rock-mass. Tho name 
dolomite, after the French geologist, D. G. Dolo- 
mieu (1750-1801), was first applied to the rock, 
being later extended to the crystallised mineral. 
The rock is now often refeiyed. to as dolomitic 
limestone or magnosium limestone. 

The pure mineral (Dolomite-spar) is a double 
salt of calcium and magnesium carbonates, 
CaMg^OjJj, ; containing CaC0 8 64*28, MgCO a 
45-72 p.c., or CaO*30’42, MgO 21;86 p.c. It is 
a member of the isomorphous series oi rhombo- 
hedral carbonates (calcite group), and has an 
angle of 73° 45' between the surfaces of the perfect 
rhombohedral cleavages. It, however, differs 
from the other members of tho group in the 
degree of symmetry of .its ‘crystals, which are 
hemihedral with parallel faces. It further differs 
from calcite in the fact that it never shows 
lamellar twinning on tho obtuse negative 
rhombohedron. The most usual form of 
crystal is the primary rhombohedrOn, the faces 
of which are parallel to the cleavage directions 
(this being an unusual form in calcite, exoept 
in combination with other forms). The faoes 
are frequently curved, sometimes to such an 
extent that the crystals are saddle-shaped. 
The most perfect crystals, Buoh as those found 
in the crystalline dolomite rook of the Biunenthal 
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In Switzerland, are colourless and transparent I usually minutely cryst^e^Mnsisi^gof*^ 
^ . ZZZZZ +,h» JLt, A h apcrmrate of tinv rhombs of dolomite-spar more 
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with a vitwouti lustre. More often the crystals 
are white or creamy-white and opaque with a 
pearly lustre ; henoe the popular name pearl- 
spar. The mineral is harder (H. 3 £-4) and denser 
(sp.gr. 2*83) than calcite. it may be readily 
distinguished from the more commonly-occurring 
calcite by the fact that it is only slightly attacked 
by oold dilute acid ; in hot acid it dissolves with 
a brisk effervescence. Dolomite is much less 
soluble in water Containing carbon dioxide (3 
parts in 10,000 at 18°) than is calcite. Various 
mioro-chemical tests havo been devised for the 
purpose of distinguishing dolomite and calcite, 
especially in thin sections of rocks. Lemberg s 
solution contains aluminium chloride and a 
staining material (haematoxylin or an aniline 
dye) ; a stainod film of aluminium hydroxide 
deposits on calcite, but not on dolomite. The 
composition of dolomite may bo varied somewhat 
by isomorphous replacement. Iron and man- 
ganese may replace magnesium, forming a 
passage through bTowxt'S'pciv to ankente (q.v,)* 
Zinc or cobalt, is also sometimes present in small 
amount. Any excess of calcium over the double 
salt ratio may perhaps to some extent be present 
in isomorphous mixture, but more often it is 
probablv present as mechanically admixed 
calcite. “ Simple ratios of OaCO., : MgOO, other 
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, of ‘ normal dolomite, probably do 
Several trivial names have been 


than the 

not exist. wvw« *•—“*" 

applied to varieties of dolomite showing pecu- 
liarities of structure or supposed differences m 
composition ; the analyses have not, however, 
always been made on well-crystallised material. 

The best crystallised specimens of dolomite 
are mot with in mineral veins and other motal- 
’ liferous deposits. For example, with iron ores 
at Travorsella in Piedmont, and Clcator Moor 
in Cumberland ; with lead and zinc ores at. 
Laxey in the Isle of Man, and Joplin in Missouri ; 
with silver ores at Sohemnitz in Hungary, and 
Guanaxuato in Mexico. Crystalline masses 
ocour in serpontmo, tale-schist, and other mag- 
nesian silicate rocks. As a rule, only finite 
small crystals are found in dolomite rocks, but 
occasionally good crystals are found in cavities. 

Dolomite rock, dolomitic or magnesian lime- 
stone, is, as a rule, more indefinite in its cha- 
racters and composition, since here the dolomite 
mineral is mixed with other mineral substances, 
such as oalcite, carbonates of iron and manganese, 
oxide and hydroxides of iron, argillaceous matter, 
quartz, etc. With increasing calcite the rock 
may pass into ordinary limestone; and some 
authors restrict the term ‘ magnesian limestone 
to rockB intermediate between ‘ normal dolo- 
mite ’ and ordinary limestone. The presence of 
oalcite in a magnesian limestone containing a 
molecular excess *of .calcium over magnesium 
may be demonstrated by etching a polished 
Burface or a thin section with cold dilute acid, 
when the calcite will be readily dissolved out 
leaving pits ; or by means of the staining test 
with Lemberg’B solution mentioned above. 

The purest dolomite rocks are the snow- 
white crystalline dolomite marbles of the Swiss 
Alps Norway, &c., which have sometimos the 
character of a statuary marble and can be used 
for ornamental purposes. More often, however, 
the rock is yellowish, grey, creamy, or brown, 
and very often cavernous in texture, it is 


usually nunuwjiy ” — -o 

aeszregate of tiny rhombs of dolomite-spar more 
or less firmly held together, but at times quite 
loose and sandy. Dolomite rock is of wide 
distribution and is met with in sedimentary 
strata of all geological periods. In England 
a long narrow outcrop extends along the eastern 
slopes of the Pennines from Nottinghamshire 
to the Durham coast. This has long been 
extensively quarried as a building stone, the 
principal quarries being near Anston in VorK- 
slure, Bolsovor Moor in Derbyshire, and Mans- 
fiold Woodhouse in Nottinghamshire. Here the 
rock is of Permian ago. In the Dolomite moun- 
tains of southern Tyrol the rock is of Tnassic 
age, whilst that of Swabia belongs to the Jurassic 
formation. 

The origin of dolomite rock has been a subject 
of much speculation and experimental work of a 
chemical character. A review is given in 
Doelter’s Handbuch der Mineralchemie, 1912, 
vol l. (hore also is given a large collection of 
analyses, methods of analyses, &c.). lh ft t of 
Permian age, which is usually associated with 
bods of gypsum and rock-salt, is supposed to 
havo been deposited as the double carbonate by 
chemical precipitation from the salt waters of 
inland seas In some other cases the rock has 
been formed by the action of magnosium-beanng 
solutions on limestone; either contemporane- 
ously and progressively with the formation of 
the limestone (as proved by the dolomitisation 
of coral -lim estono — tho magnesium in this case 
being derived from Hca-water) ; or long subse- 
quently by the action of subterranean mineral- 
waters percolating along the bedding and joint 
planes (as m the Carboniferous Limestones of 
Derbyshire and South Wales). Or again it 
may have been formed by weathering and the 
solution of the more soluble calcium carbonate 
from limestones containing a small proportion 
of magnesium. . 

The following are analyses of dolomite rock. 
I. from Bolsovcr, Derbyshire; II, Mansfield, 
Nottinghamshire ; HI, Anston, Yorkshire ; IV, 
Southern Tyrol — 

II. 

290 
20*4 


CaO 

MgO 

Fe 2 Oj 

Si0 2 

co 2 

H.,0 


Al a Oj 


i. 

28 6 
19*2 
1*8 
3*6 
. 43*5 
. 3*3 


3*7 

44*9 

2*1 


III. 

30*7 

20*6 

0*73 

0*56 

46*7 

0*75 


IV. 

31*4 

19*2 

1*2 

1*0 

46*1 


Th# economic applications of dolomite are 
confined to the rock, since this is much more 
plentiful and of wider distribution than the 
crystallised mineral. Its principal use is as a 
building stone. For this purpose it is more 
suitable than ordinary limestone, being harder 
and more resistant to solvents, but it needs to 
be carefully selected. It is also used for paving 
and road-metal. The Houses of Parliament aro 
built of stone from the three English localities 
noted above (Anal. I-III), The stones from 
these quarries have a crushing strength of 484- 
883 tons per square foot, absorption of 4 *6-75 
p.c., and weigh 134-152 lbs. per cubic foot. 
Certairf varieties of dolomite rook (dolomite 
marble) find an application as a* ornamental 
stone. Dolomite roclcis also extensively used 
for the basic linings of Bessemer converters and 
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open-hearth furnaces in the manufacture of 
steel. For this purpose the rock is calcined 
until it commences to sinter, crushed, mixed 
with gas-tar, and moulded in the furnaces or 
shaped into bricks. The best result is obtained 
when the rock contains 3-4 p.c. of Fe 2 0 8 and 
Al 2 () 3 , and about 2 J- p.c. of Si0 2 . (On British 
sources of dolomite rock for use as a refractory 
material, v. Mineral Resources of Great Britain, 
Mem. Geol. Survey, 1918, vol. vi.) The rock 
is completely burnt or half burnt bolow a red 
heat (giving MgO |-CaC0 3 ) for the preparation 
of cements and plasters ; when it contains quite 
a small amount of argillaceous matter it gives 
a good hydraulic cement. It is also burnt for 
agricultural purposes, and is said to be especially 
beneficial for leguminous crops. It is a readily 
available source for the manufacture of magne- 
sium compounds, e g. Epsom salts, magnesium 
chloride, magnesia alba ; but in this direction 
it was not able to compete with the large quanti- 
ties of soluble magnesium salts obtained as 
by-products from the Prussian salt-deposits. 
Various processes have been suggested for 
extracting the magnesia for use as a refractory 
material. In one, the calcined dolomite is 
mixod with magnesium cliloride, forming 


DORMIOL. A condensation product of 
chloral and tertiary amyl alcohol. V, Synthetic 

DRUGS. 

DOSS. Japanese name for a dyewood from 
an evergreen tree Ilex Mertensii (Maxim.), found 
m the Ogasawara and Okinawa Islands. Con- 
tains a dyestuff, dossetin C ]5 H 9 0 8 , crystallising 
in yellow needles ; m.p. 271 J -272° (Ito, J. Soc. 
Chem. Ind. 1908, 440). 

DOUBLE SCARLET, BRILLIANT SCARLET 

V. AZO- COLOURING MATTERS. ■ 

DRACYL. An obsolete synonym for toluene. 

DRAGON’S BLOOD. A resin used as a red 
pigment {v. Pigments ; also Restns). 

DRIERS (m the United States also termed 
‘ Japans ’) is the trade term for thoso metallic 
oxides, chiefly oxides of lead, manganese (litharge, 
red lead, manganese dioxide) and cobalt or thoir 
inorganic salts, which wore formerly usod exclu- 
sively in the process of oil boiling as ‘ driers.’ 
More recently acetate, oxalate, and borate of 
manganese have been employed. Sjnce metallic 
salts of abiotic acid have the same property, such 
salts are also manufactured as ‘ driers ’ They 
are obtained either by precipitating rosin soap 
I solutions with solutions of metallic salts, or by 
fusing together a metallic oxido with colophony. 


calcium chloride which is readily removed m 
solution. In another, the calcined dolomite 
is treated with a solution of sugar, when the 
oaloium passes into solution as saecharate, from 
which the sugar can be recovered by precipita- 
ting the calcium as carbonate with carbon 
dioxide. When half burnt to MgO | OaCO., 
the magnesia can bo extracted by carbonated 
water under pressure The pure white dolomite 
marble is used for the manufacture of pure 
carbon dioxide for use in the manufacture of 
aerated waters. L J. S. 

DOMEYKITE. A copper arsenide, Cu a As, 
corresponding to copper 71 -7 and arsenic 28-3 p.c. 
It occurs in reniform, botryoidal, and compact 
masses, of white or grey colour, with metallic 
lustre, rapidly tarnishing. H. =3-3-5 ; spgr. 
7-7-5. Readily fusiblo before the blowpipe, 
with emission of arsenical vapours. Soluble in 
nitric acid, but not in hydrochloric acid. Tt is 
found at Coquimbo and Oopiapo in Chile, at 
Cerro las Paracatas in Mexico, and at Zwickau 
in Saxony. 

Several other arsenides of coppor, more or 
less like domeykite, are known. The Alqodonite 
of F. Field is 0u 6 As, and occurs at tho Algodonos 
mine, near Coquimbo. Whitneyite, from Hough- 
ton Co.,' Michigan, U.S., described by % F. A. 
Genth, is Cu«As ; and D. Forbes’s JJarwinite, 
named after Charles Darwin, is a similar mineral 
from noar Oopiapo. Condurrite , from Oondurrow 
mine, Cornwall, appears to bo a mixture of 
arsenide of copper with various oxidised pro- 
ducts derived from the alteration of tennanite or 
some kindred spocies. The names Kcweenawiie, 
Mohawkite, and Ledouxitc have been applied 
to various copper arsenides from Michigan, in 
which the oopper is in part replaced bv nickel 
and cobalt. L. J. S. 

DONARITE. An explosive consisting of A 
mixture of ammonium nitrate (80 pts.), tri- 
nitrotoluene (12 pts.), nitroglycerine (3-8 pts.), 
gun-ootton (Oif? pt., flour (4 pts.). 

- DORMIGENE. A ure% derivative of o-bromo- 
feovalerianio aoid. Used as a nervous sedative. 


Uonco these are distinguished m commerce as 
‘ precipitated ’ dners, and 1 fused ’ driers. The 
latter are readily discriminated from the former 
by their not eontammg any moisture Metallic 
salts of linseed oil fatty acids aro now usod 
as driers ; they can be prepared either by pre- 
cipitation or By the dry process, bonce both 
‘ precipitated ’ manganese linoleate, ‘ precipi- 
tated * lead linoleate, and ‘ fused ’ manganese 
linoleate, &c , are obtainable. The driers pre- 

f iared from linseed oil fatty acids, as also 
rnm rosin (colophony), aro soluble in oil of 
turpentine, ether, chloroform, and linseed oil 
itself. Hence they arc also termed in commerce 
‘solublo driors.’ Solutions of these driers in 
linseed oil or in turpentine oil, or in a mixture 
of both, are obtainable m commerce under the 
name ‘ liquid driers,’ ‘ terebeno,’ and other 
fancy names. 

The function of these driers appears to be to 
absorb oxygen from the air and transfer it 
to the linseed oil, thus accelerating its drying 
to a flexible film when exposed to the air. On 
tins assumption, the fact that litharge and 
| manganeso dioxido act as driers will.be best 
j explained by stating that at tho high tempera- 
ture at which linseed oil is ‘ boilod, the oxides 
saponify the linseed oil, forming therewith lead 
or manganoso soaps, which then act in their 
turn in tho manner indicated above. From 
experiments on the behaviour of cerium sadts 
obtained from various drying oils, Morrell (Chem. 
Soc. Trans. 1918, 113, 111) • concludes that a 
change occurs in tho intra-molecular linkings 
when drying oils are polymorisod by heat. The 
action of cerium a-elaeostearate (from tung oil) 
as a drier may be represented by the following 
j scheme : — 
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conclusions of Ingle (J. Soc. Chem, Ind., 1917, 
318) as to the behaviour of lead linolenate. 
Cerium driers are less effective than cobalt or 
manganese linoleate in accelerating the drying 
of a varnish containing a lead drier. The follow- 
ing are the analytical data obtained by the 
author in the examination of a drier : — 


Per cent. 

Ash ..... 18*6 

Fatty and rosin acids . . 83 *4 

The more detailed examination gave the 
following result : — 

Per coat. 

Lead oxide .... 10 99 

Manganous oxide . . . 6*79 

Iron peroxide . . . 0-47 

Calcium oxide . . . 0-66 

RoHin acids .... 38*32 

Oxidised acids . . 4 24 

Other fatty acids . . . 40*86 


It should, however, be understood that the 
results fu^nu hed by chemical analysis alone are 
not sufficient to supply the data on which to 
base an opinion as to the properties which a 
drier will impart to the oil The colour and 
drying power of the boiled oil to be prepared 
and other conditions greatly influence the choice 
and the quantity of a drier to be employed on a 
large scale. ,7. L 

DROP GUM or GAMBOGE v. Ptumknts. 

DROSERA WHITTAKERI. I)i •ot>na whif- 
taken is found in Australia, and grows plentifully 
on the hills near Adelaide. The tuber of this 
ilant consists of an inner solid but soft nucleus 
ull of reddish sap or juice, and an outer senes 
of easily detached thin, and more or less dry, 

, layors of an almost black material. Between 
these layors are to be found small quantities of 
a brilliant, red colouring matter, the amount 
varying in tubers of different size and age, but 
apparently more plentiful in the older plants 
(Rennie, Chem Soc. Trans , 1887, 51, 371 ; 1893, 
63, 1083). 

The colouring matter is extracted from the 
tubers by means of hot alcohol, the. solution 
evaporated, and the residue, containing n little 
alcohol, is then mixed with water and allowed j 
to stand. The product is dried, sublimed, and 
the brilliant vorimlion powder, which contains 
two substances, is fractionally crystallised from 
boiling alcohol, or acetic acid. 

The ‘more sparingly soluble compound 
C u H g 0 6 forms red plates, jmelts at 192°- 193°, 
dissolves in alkaline solutions with a deep red 
violet colour, and gives a tnacetyl derivative, 
C n H 6 0 5 (C 2 H 3 0) 3 , melting-point ]53°-154°. ! 

The monosodium compound Oj ,H 7 0 6 Na,2H 2 0, 
gives dark reddish-brown needles, the disodium 
compound GuHoOjNa.^H^O, brown needles, 
and the calcium compound (C u H 7 0 5 ) 2 Ca,3H 8 0, 
dark brown crystals. 

By treatment with stannous chloride or hy- 
drochloric acid, this substance C n H„0 6 yields a 
reduction product Cj ,H 10 Oc, yellow needles, 
melting-point 216°-217°. When dry, this is 
stablem air, hut if left in contact with alcohol or 
water, it soon becomes red owing to oxidation. 
According to Rennie it is probable that the 
original colouring matter iB a trihydroxymethyl - 
napMhoqvmone , in which case the substance 
O u H 10 Oj will oonsist of the corresponding 


hydroquinone derivative. The more readily 
soluble compound contained in the tubers 
possesses the formula C n H 8 0 4 . It crystallises 
m red needles, melting-point 174°-176 0 .; dis- 
solves in alkaline solutions with a deep-red 
colouration; and gives a diaceiyl derivative, 
C n H 6 0 4 (C 2 H 3 0) 2 , yellow needles, melting- 
point 107°- 110°. A. G. P. 

DRUMINE. An alkaloid Btated to be 
present m Euphorbia Drummondii (Ogston, Brit. 
Med. Jour. 1887, 451). 

DRY CLEANING. French or chemical 

cleaning, Ndtoyage d Sec. A process of remov- 
ing dirt, grease, &c., from fabrics by solvents 
other tlian water, such as petroleum benzine, 
coal-tar benzene, carbon tetrachloride, &c. 
The substitution of such liquids for water Beems 
to have been first, made in France during the 
middle of the last century by the application of 
‘ camphene,’ a terpeno used at that period for 
illuminating purposes. 

The process was introduced into the United 
Kingdom, in 1866, by Messrs. Pullar & Sens, 
who greatly developed it, employing machinery 
to a large extent in place of tho hand labour 
i formerly used. 

[ Tho solvents mainly used at the present time 
[ are ‘ benzines,’ usually obtained from American 
and Borneo petroleum, of sp.gr. 0*78 ; boiling 
between 80° and 120°. The benzols employed 
are what are known commercially as 90's and 
50’s. They may contain sensible quantities of 
carbon disulphide, thiophen, and possibly other 
sulphur products, which are apt to impart a 
disagreeanlo smell to the fabne. Carbon 
tetrachloride, on account of its relatively high 
price, is only used to a limited extent. It has 
tho great advantage over the hydrocarbons 
that it is uninflammable, and can be employed in 
particular cases where tho use either ox benzine 
or of benzol is inadmissible. (For a method of 
valuing benzine for the purpose of the dry 
eleancr, v. Trotman, J. Soc. ('hem. Ind. 1906.) 

Thiophen in benzol may be detected by the 
isatin and sulphuric acid reaction ( v . Thiophen). 
(Cf. Schwalbe, Chem. Zeit. 1905.) 

Carbon disulphide may be detected by the 
formation of a precipitate with phenylhydrazine, 
and determined quantitatively by conversion 
into potassium xanthate by means of alcoholic 
potash (v. Carbon disulphide). 

An admixture of paraffin hydrocarbons with 
the benzol may be recognised by nitrating the 
sample with mtrosulphurio acid and subsequent 
steam distillation. • 

Tht> carbon tetrachloride employed for 
degreasing should be free from hydrochloric acid 
or traces of free chlorine. It Bhould also contain 
no chloroform or phosgene gas, which are apt to 
act deleteriously upon the workpeople. 

Special soaps, soluble in benzine, are em- 
ployed in dry cleaning. They not only assist 
the degreasing, but diminish the risk of fire. 
The soaps consist of practically anhydrous 
oleates or stearates of potash or soda made by 
melting* together oleic acid and soap, or by dis- 
solving the alkali in methylated spirit, and 
adding to the solution the requisite quantity 
of olei^ acid or melted Bteario acid. Strong 
ammonia solution may be employed instead <3 
potash or soda. ^ 

(For a description of the methods and 
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machinery employed in modem processes of 
dry cleaning, and of the apparatus for the 
recovery and purification of the solvents used, 
v. Dyeing and Cleaning, by F. J. Farrell, 
Griffin & Co., Ltd. 1910.) 

DULCAMARA. Bittersweet, Woody night- 
shade. (Douce am foe, Fr. ; Biitersvss, Ger.) 
The young branches of the Solanum dulcamaut 
(Linn.), were formerly administered as a de- 
coction in rheumatism and skin diseases. They 
contain an amorphous glucoside dulcamann 
C,„H 34 O 10 (Geissler, Arch. Pharm. [ni.) G. 1010) ; 
and sdanine C 42 H 75 0 12 N, m.p. 235° ; sdamdine 
C 4 ,H,,0,N, m.p. 205°; mdxolancinc C 4g H 78 0 13 N 
(Davis, Pharm. Y. [iv.l 15, ICO). G. B. 

DULCIN. p-Phenetol-carbamide 


c s h 6 o c 0 h 4 nhconh 2 

A sweet substance. Used os a substitute for 
saccharin. 

DULCITOL r. CaTIBOHYDIUTES, 

DUMASIN. Pentamone. v. Ketones. 
DUNGING SALT. Sodium At senate v 
Ahsenio. 

DUOTAL. Guaiacol carbonate 


0 .OC1V CH a O\ 
\) -- CO o' 



formed by the action of phosgene gas on an 
alkaline solution of guaiacol. Used in the treat- 
ment of phthisis. 

DURA or DARI. A grain imported from India 
and the Sudan, chiefly as a poultry food. Com- 
position : moisture, H 45 ; proteins, 12 ’98 ; other 
nitrogenous substance, 0-08 ; fat, 3 30 , starch, 
62‘6G; other carbohydrates, 9-74; fibre, 1*03, 
ash, 1*71 p.c. ; food units 113 3 ; nutrient ratio, 
1 : 6*1. Contains no alkaloids or eyanogenetic 
glucosidcs (Bull. Imp. Inst 1913, 11, 33) For 
the use of Sudan Dura as a brewing material, 
see Bnant & Harman, Journ. lnstit. Brewing, 
1918, 209. 

DURENE v. Cymenes. 

DURENOL v . Phenol and its IIomolog lies. 

DUTCH PINK or ITALIAN PINK v. Pia 


MIENTS. 

DUTCH ULTRAMARINE. Cobalt Uvr v. 

Cobalt and Pigments. 

DURINE. A preparation of formaldehyde. 

DYEING. The art of dyeing consists in 
imparting colour to the substance of various 
materials, usually textile fabrics, in such a 
manner Jbhat it is not readily removed or altered 
by those influences to which the dyed material 
is subsequently exposed. Tinting is essentially 
the same as dyeing, but the term is applied to 
the production of light shades only. In staining, 
the colour is not so permanently fixed as in 
dyeing, but in all these processes the colouring 
substance is presented to the material in a dis- 
solved condition. In textile printing, the colour 
is applied to portions of the material only, thus 
producing a pattern, but in other respects, many 
printing operations aro, in principle, similar to 
dyeing. In some processes of textile printing, qs 
in painting, on the other hand, a more or less 
opaque pigment is applied to the surface of the 
material by means of adhesives, thus partially 
or entirely otscuring the true surface. 

Dyeing is of chief importance in connection 


with the textile industries, but many other 
materials are coloured by dyeing processes, such, 
for example, as leather, feathers, horn, ivory, 
bone, straw, and wood. 

The various materials above enumerated 
show remarkable differences in behaviour 
towards any particular dyestuff. Wool, silk, 
leather, feathers, horn, and animal skin products 
in general, behave somewhat similarly towards 
colouring matters, but the dyeing properties of 
cotton, linen, and other vegetable products are 
quite different. 

Differences quite os marked are to be noted 
in the behaviour of various colouring matters 
towards one and the same material, and thus, in 
dyeing operations, both the nature of the 
material to be dyed and of the colouring matter 
employed, have to be taken into account. 

The theory of dyeing. The precise cause or 
causes of the different behaviour of the textile 
fibres in dyemg is still a matter of uncertainty ; 
but there is little doubt that the chemical 
and physical properties both of the fibre and of 
the dyestull are all factors of the complicated 
phenomena of dyeing. 

The earliest theory with regard to the 
fixation of dyes was that the action is purely 
mechanical, and it is still urged by many that 
rarely in dyeing processes is there direct evidence 
of clienncal combination between fibre and dye- 
stuff Both bodies, as a rule, retain their 
individual chemical and physical properties un- 
changed, and tin; dye can frequently be removed 
from a fibre by means of alcohol or other solvent. 

In its earliest form, the mechanical theory 
was put forward by Ilellot and d’Apligny in 1780. 
(See llellot’s L’Art de la Teinture des Lames 
(1734) ; and d’Apligny’s L’Art de la Teinture des 
lils de Coton (1776).) They assumed that the 
particles of colouring matter became embedded in 
the minute pores permeating the fibre substance. 
Crum (Chem. Soc. Trans. 18, 404) strongly 
supported this theory, while Muller- Jacobs 
(J. Soc. Dyers, 1885, 63) expressed much the 
same idea in attributing the fixation of dyes 
to membranous diffusion. It lias, however, been 
shown by several investigators that dyeing 
processes do not obey the general laws of 
osmosis, v. Georgievics (J. Soc. Chem. Ind. 1896 
149) considers dyemg is chiefly due to surface 
attraction. Witt (Farber-Zoit. 1890) put for* 
ward a modification of the mechanical theory. 
He regards the fibres as solid solvents -in which 
the dyestuffs dissolve, the latter being withdrawn 
from its aqueous solution in the same way as, 
e.g. ether will extract many substances from 
their aqueous solution. The degree to which a 
dye-batb can be exhausted will then depend 
upon the relative solubility of the dyestuff in 
•the acid or neutral dye liquor and in the fibre 
substance under the conditions (concentration 
and temperature) used. Krafft (Ber. 1899 , 
1608) attributes dyeing phenomena to a separa- 
tion of the dyestuff upon the fibro in a colloidal 
state, and this view has been supported by Biltz 
(ibid. 1904, 1766), Linder and Picton (Chem. Soc. 
Trans. 1905, 1931), and Dreaper (J. Soc. Chem. 
Ind. 1905, 223). . . „ 

The chemical theory of dyeing was originally 
put forward by Macquer and Bergman in opposi- 
tion to the mechanical theory of Hellot and 
d’Apligny, and has reoeived much experimental 
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support from Persoz, BerthoUet, Chevreul, Kiihl- 
mann, Vignon, Knecht, and many others. It is 
mainly based on the following facts : wool and 
silk fibres contain amino-acids, and thus possess 
strongly marked acidic and basic functions. 
Cellulose, the essential constituent of the vege- 
table fibres, is chemically much less active, and 
k dyes much less readily than wool and silk, but 
under certain conditions it exhibits weakly acidic 
functions. All dyestuffs (with few exceptions) 
possess either acidic or basic properties, or aro in 
the form of salts, Which dissociate in the dye- 
bath ; and chemical combination between fibre 
and dyestuff would thus, primd facie , be ex- 
pected. Moreover, lanuginic and sencmic acids, 
which are produced respectively by the hydro- 
lysis of wool and silk, precipitate both acid and 
basio dyes from their aqueous solution (Knecht 
and Appleyard, J. Soc. Byers, 1889, 72). 

A full discussion of the evidence for and 
against the mechanical and chemical theories of 
dyeing cannot be hero entered upon, but a general 
review indicates that the attempt to cover all 
dyeing phenomena by any one simple explana- 
tion must fail, and that many factors are con- 
cerned, the relative importance of which varies 
in different cases. In tho dyeing of wool or silk, 
with acid or basic dyes, it may be taken as 
established that chemical combination occurs, 
but prior to this some hydrolysis of the fibre, 
and more or less complete ionisation of the dye- 
stuff takes place. Surface concentration of the 
dye on the fibre probably also occurs, and the i 
coagulation and precipitation of the dissociated 
colloidal dyestuff also plays a part. This is I 
supported by the observation that tho tempera- 
ture of maximum absorption of dye does not 
,(in tho cases investigated) correspond with that 
of maximum fixation (Breaper, Trans. Faraday 
Soc. 1910, pt. i. Haldane-Ceo and Harrison, 
ibid.) ; the former possibly coinciding with the 
point of maximum coagulation and precipitation, 
and the latter indicating the point of maximum 
degree of chemical combination. Whether tho 
superficially precipitated dye penetrates the fibre 
by osmosis or by ‘ solid solution ’ is mainly a 
question of definition of terms. 

In the case of the dyeing of vegetable fibres, 
the same factors probably operate, but their 
relative importance is not the same, the physical 
factors — precipitation, surface attraction, and 
osmosis — predominating over the effect of direct 
chemical ^action. 

Classification of colouring matters. It has 

already been pointed out th&t dyestuffs vary in 
their behaviour. If, e.g. separate pieces of wool are 
boiled in solutions containing, (a) logwood, (b) in- 
digo, (c) magenta, and (rf) picric acid, the following 
results are obtained : (a) the wool acquires a 
brown stain ; (6) the wool remains undyed, the- 
indigo floating about in an insoluble condition ; 

(c) fbe wool is dyed a magenta colour ; and 

(d) the wool is dyed a full yellow. If the experi- 
ment is repeated on wool which has been pre- 
viously boiled with a solution of potassium 
diohromate, the result will be that in (a) tho 
wool is dyed black, whereas in (6), (c), and (d), 
similar results are obtained to those of the 
previous experiments. Logwood, therefore, 
must be applied in conjunction with potassium 
diohromate or some similar substance, t.e. 
With a mordant ; whereas magenta and picrio 


acid dve without such aid, and indigo requires a 
special process, the nature of which is not 
indicated by the results of the above-described 
experiments. 

Colouring matters may be divided into three 
groups on the lines indicated above, viz. : (1) 
those which must be applied in conjunction 
with a mordant ; (2) those which dye direct from 
their solutions ; and (3) those requiring special 


As regards groups (1) and (2) this classifica- 
tion is practically identical with that of Bancroft 
(Philosophy of Permanent Coloura, i. 118, 
London. 1794), who, upwards of a hundred years 
ago, divided colounng mattors into substantive 
dyes and adjective dyes ; the former class com- 
prising those which dye directly from their 
solutions, and the latter being composed of those 
dyes which require mordants. Nietski (Farber- 
r Loit. 1889-90, 8) uses the terms direct dyes and 
mordant dyes in exactly the same sense, and both 
Bancroft’s and Nietski’s terms are still in use. 
Hummel (The Dyeing of Textile Fabrics, 1st ed. 
1885, 147) also classifies dyestuffs into two groups; 
monogenetic dyes being such as are capable of 
producing one colour only, while pdygenetic 
dyes produce distinct colours with different 
mordants. The members of the first group aro 
coloured bodies, and these merely require to be 
fixed upon the fibre, whereas the colouring 
principles comprising the second group as a rulo 
only develop a colour when chemically combined 
with a mordant. 

it will be seen that these three systems of 
classification closoly correspond, the terms 
substantive dyes, direct dyes , and monogenetic 
dyes being almost synonymous, as are adjective 
dyes, mordant dyes , and polygenetic dyes . It 
should, however, be pointed out that none of 
these classifications is absolute ; magenta, for 
example, is a direct dye as applied to wool, but 
requires a mordant when used for cotton. 

A distinct method of grouping dyestuffs is 
that of Benedikt (The Chemistry of the Coal-tar 
Colours, 1880, 29), who distinguishes between 
colour acids, colour bases, and neutral colouring 
matters. Both colour acids and colour bases 
are fixed on the fibre in the form of salts, but 
whereas in the colour acids the essential colour- 
producing group resides in the acid portion of 
the compound, in the colour bases the reverse is 
tho case. Alizarin red, dyed on wool, is a salt 
of which alumina forms the basic and alizarin 
the acidic constituent. Alizarin is therefore a 
colour acid. Similarly, the red pigment formed 
on dyeing tannin-mordanted cotton with ma- 
genta is a combination of rosaniline base with 
tannie acid. Magenta is therefore a colour base. 
Indigo and other vat dyes are neutral colouring 
matters. 

All the above schemes of classification are 
defective, either from the point of view of the 
practical dyer, or the chemist. As regards 
practical application, the large number of dye- 
stuffs now on the market may, however, be 
satisfactorily classified into the following 
groups: (1) mordant dyee\ (2) acid-mordant 
dyes ; (3) acid dyes ; (4) direct dyes ; (5) basic 
dyes ; (0) sulphide dyes ; (7) vat dyes ; (8) 

ingrain*dyes. 

The classification of dves according to chemi- 
cal constitution is based upon the existence, 
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of a oortain group of atoms, in all members 
of each class, upon the integrity of which 
their colouring power depends. This is termed 
the chromophorous group, the theory being first 
put forward by 0. N. Witt, in 1876. The intro- 
duction of such a ohromophor into a suitable 
colourless compound is accompanied by the 
development of colour, e.g. benzene. (C 8 tf a ) is 
colourless, but azotwnzene (C 8 H 5 — N~N — C„H 6 ) 
is orange-colourod. Many substances, however, 
such as azobenzono, although strongly coloured, 
are devoid of dyeing power. Such bodies are 
termed chromogens, and m order to convert 
them into useful dyes, the introduction of a salt- 
forming group is necessary ; such' groups, m 
this connection, being termed auxochro'inovs 
groups. Thus, whilst azobenzene is not a dye- 
-stuff, both ami no- azobenzene and hydroxy -azoben- 
zene are useful dyes. In these compounds, the 
azo- group (— N=N— ) is the chrmnophor, and 
the amino- or hydroxyl- group is the auxochrome. 

The presenoo of both a chromophor and an 
auK>chrome does not, however, necessarily indi- 
cate that a substance is a useful dye. For 
example, trinitroaniline, C # H !! (NO !! ) 3 NH 2 , con- 
tains the chromophor (N0 2 ) and the salt-forming 
auxochrome group (NH a ) ; but it is not a use- 
ful dyestuff, because the basic character of the 
auxochrome is neutralised by the strongly acidic 
chromophor. On the other hand, trimtro- 
phenol C 9 H 2 (N0 2 ) 3 0H is the useful dyestuff 
picric acid. 

Those dyestuffs which do not contain a 
salt-forming auxochrome cannot be apphed by 
ordinary dyeing processes, and the fact that a 
special process is required, e.g. for indigo, is not 
primarily due to its insolubility, but to its 
neutral character. 

The scheme of classification, based on the 
ohromophor, distinguishes the following groups — 

Group Chromophor Typical dyes 

1. iso-H it,roso-^>C — 0 Resorcin gieen, dioxinc, 

or oxime . | | gamblne. 

>C— N'OH 

2. Nitro- — N0 2 Picric acid, naphthol yellow. 

3. Azo- — N =*N — (a) Basic — chrysoidlne, Bis- 

marck brown, Janus red 

(b) Acid— azo- oranges and 

scarlets, naphthol 
black, diamond black. 

(c) Direct— benzopurpurin, 

diamine colours, direct 
blacks 

(d) Mordant — ‘ acid mor- 
dant ’ or 4 chrome ' 
colours 

4. Triphenyl- " \_Magenta methyl violet, 

methane.i— \ Victoria blue, ^patent 

7 blue, malachite green. 


6. Oxyketone 

CO 

\/\/ 

The alizarin dyes, lndan- 
tlirene and algol vat dyes. 


1 1 

/\/\ 

CO 


ft. Tyrone 

AA- 
1 1 

Rhodamlno, violamine, 

cosine. 

7. Acridine 

V 

<c N > 

i 

r 

Acridine yellow, orange, and 
scarlet. f 

8. Oxaatne 

A 

t2{© ~ 

V 

Meldola’s blue, galltoyanin. 
Capri blue. 

9. Tiilazine 


Methylene blue, thiocar- 
mine, hydhron blue. 


Group 
10. Azines 


Chromophor 



Typical dyes 

Safranlnes, indullnes, 
aniline black. 


12. Quinoline — CII — CH Quinoline yellow, cyanine. 

N a CH 

13. Flavone — 0— C — Fustic, weld, logwood, 

|| Brazil wood. 

—CO— OH 

14. lndigoids — CO — C— C — CO Indigo, helindone 

} | and ciba vat dyes, 

15. Miscellaneous. 


This classification of dyestuffs into chemical 
groups is of importance in the identification and 
testing of dyestuffs, as the constitution of the 
compound determines its behaviour towards 
reagents. It is not, however, a convenient one 
as regards the practical application of the 
dyestuffs. 

Essential properties of a dyestuff. In order 

to rank as a useful dye, a substance must possess 
certain essential features. A direct dye must 
not only possess a colour oi considerable in- 
tensity and permanence, but must also be 
capable of easy fixation on textile fibreB without 
injury to fibre or dyestuff. For example, both 
vermilion and azo -scarlet possoss a brilliant 
colour, but the former is not a dyestuff, becauso 
it cannot be applied or produced by dyeing 
processes. A mordant dye, on the other hand, 
need not possess a strong eolour, and may, in 
fact, be colourless. It must, however, be capable 
of producing strongly coloured and insoluble 
colour-lakes in combinatioii with suitable 
mordants. Vat dyes — c.g. indigo — are, as a rule, 
quite insoluble m water, and therefore cannot be 
applied by an ordinary process The essential 
feature of this group is that their reduction 
products are soluble in alkaline solutions, and 
on this fact the method of application depends. 

In order to constitute- u dyestuff a body must, 
therefore, either bo strongly coloured m itself 
or bo capable of producing coloured lakes. It 
must also bo of such a character that it can be 
fixed upon textile material from an aqueous 
solution, and it must product) a colour which 
possesses sufficient permanence and resistance to 
washing and other influences. (In so-called 4 dry 
dying ’ alcohol or other volatile solvent is used ) 
Operations preliminary to dyeing processes. 
In any dyeing operation, the chief bodies con- 
corned are the fibre to be dyed and the dyestuff. 
In their natural condition, all textile fibres 
contain impurities which not only detract from 
thoir appearance, but prevent their being satis- 
factorily dyed. The removal of these im- 
purities is the object of the washing, soouring, 
and bleaching processes winch the ‘ raw ’ fibres 
undergo. » 

A great bulk of manufactured textile material, 
chiefly cotton and linen, is used in the undyed 
condition, but wool and silk are usually dyed. 

Dyeing processes. Dyeing may take place 
at various stages of the manufacture of textiles. 
* Piece dyeing ’ is generally employed when a 
plain-coloured material is required, being the 
most economical and convenient process. If a 
coloured pattern is required, the material must 
either be printed, or dyed before weaving, and 
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the process may then be carried oat on the raw chiefly used on silk, but other classes, e.a. the 
wool or cotton (‘ wool dyeing,' ‘ cotton dyeing *), mordant and vat dyes, are also employed, though 
at an intermediate process (‘ sliver ' or ‘ stubbing they tend to detract somewhat from the brilliant 
° r U P on ®P un y arn y arn dyeing,' lustre and suppleness on which the beauty of 
hank dyeing,' 1 cop dyeing,' ‘ cheese dyeing,' 1 xcarj silk depends. The maximum absorption of 
dyeing ’), dyes by silk usually takes place at 00°-80°, and 

Wool is dyed in all these forms ; silk, almost not at 100? as in the case of wool, 
exclusively in the form of yarn ; and cotton, The so-eallod ‘ dry dyeing ’ process some- 
chiefly as warps, cops, or pioces. times employed for silk consists in the use of 

The dyeing of wool. Wool may be dyed benzine or other volatile liquid as a solvent for 
with a greater range of colouring matters than the colouring matter in pfaco of water. The 
any othor toxtilo fibre. All the various classes usual dycstuff-saltH are not soluble in benzine, 
of colouring matters enumerated in the classili- but the fatty acid compounds or resinates of 
cation based on practical application (see p. 575) basic dyes arc readily soluble, 
are used in the dyeing of wool ; the most The mordanting of silk with metallic salts is 
important groups being the mordant , the acid usually carried out in cold concentrated solu- 
mordant, the acid and the direct dyes, as well as turns of basic salts, chiefly basic aluminium 
the vat dye, indigo. In boiling solutions, tho sulphate for colours, and basic ferric sulphate or 
affinity of wool for dyestuffs is generally greater ferrous acetate for blacks. 

than that of silk, but at temperatures below (i()° Tho production of black upon silk is a 
the relative affinity is fiequcntly reversed. By matter of great importance, and is almost a 
a suitable selection of dyestuffs and control of the trade to itself. The silk is first immersed in 'a 
process, it is therefore possible to dye the wool and solution of chestnut extract or other tannin 
silk in a woven fabric eitliei to different shades, mutter, and then in a solution of basic ferrous 
or to produce a uniform colour on the two fibres, acetate (pyrobgnito of iron) or ferric sulphate 
As a general rule, dyeing processes which produce (‘ nitrate of iron ’). By successive alternate treat- 
good results on wool are entirely unsuitod for ments in these liquors, the silk may be weighted 
cotton, and it is an easy matter to dye one of the to the extent of 400 p.c. It is then dyed with 
two fibres when present in a mivj'd fabric and logwood extract. There are a number of 
leave the other practically unstained. If both alternative processes for the black dyomg of 
fibres are to be dyecl the same or different colours, silk. 

two distinct processes^ are, as a rule, required. Wild silks, of which Tussur is the chief 

Different varieties *of wool bchavo differently variety, are much more difficult to dye than 
in dyeing, tho finer wools, such as merino, re- ordinary silk, the fine fibrillre of which the fibro 
quiring a larger amount of dyestuff to produce a is composed being very impervious. The band- 
given shade than the coarser qualifies, r g. Lincoln like flat surface of the fibre also reflects tho 
or. ‘ crossbred ’ wool. The absorption of dye is, light m such a manner that a white shiny 
however, by no means entirely governed by the apjioarance is liable to be produced instead of 
diameter of the fibre, c.g fine silky mohair is a rich, intense colour or black 
very difficult to dye, probably on account of tho Aitifk iul silks, consisting essentially of 
close texture of the external scales. Fibres cellulose, are more allied to cotton than to silk 
taken from different portions of the same fleece as regards dyeing properties. Those varieties 
also vary somewhat in dyeing properties ; and produced from collodion (Chardonnet silk) dye 
wool taken from the skin of animals slaughtered more readily with the basic dyes than do cotton 
for meat, or from diseased animals, also differs or the artificial silkH obtained from a eupram- 
from ‘ fleece ’ wool as regards its affinity for dyes, momum solution of cellulose (Pauly, Lehno, 
All these differences are shown to a much greater Thiele or ‘ glanzstofle ’ silk) or from cellulose 
extent with some dyestuffs than with others. xanthato (‘ viscose silk ’). There is, however. 
The affinity of wodl for certain dyestuffs may much individuality m the d\ ring properties of 
be increased by suitable treatment with acids, the various forms of artificial silk, 
alkalis, or oxidising agents (bleaching powder The dyeing of cotton. Cotton is dyed chief!/ 
or hydrogel! peroxide solution), or may be in the form of hankB or warps, less frequently as 
diminished by a treatment with tannic acid loose cotton or pieco goods. The dyeing of cotton 
solution and in other ways. Various colours may on the sppol, cop or 'beam is, however, now of 
thus be produced by a ‘ piece-dyeing ’ process great importance. 

by weaving together untreated wool and wool 'The dyeing properties of cotton differ greatly 
treated with ono or other of tho above-mentioned from those of wool, and therefore the processes 
reagents. and materials used also differ. Until the dis- 

The behaviour of wool towards solutions of covery of Congo red in 1884, there were three 
metallic salts governs thc # usc of these bodies as dyestuffs only which were capable of dyeing 
mordants. When bbiled in solutions of salts cotton directly from thoir aqueous solution — 
of the heavy metals having an acid character turmeric, safflower, and anvatlo — but there are 
{e.g, sodium dichromato), a decomposition of now a large number of synthetic, substantive 
the salt takes place, and an insoluble basic salt dyes by mepns of which any desired shado can 
or a hydrated oxide is fixed upon the fibre. be obtained. Tho very numerous class of acid 

The dyeing Of silk. In goneral behaviour dyes Vhich are of Buch gieat importance in wool 
towards colouring matters, silk resembles wool, and silk dyeing do not produce reasonably fast 
but, as a rule, dyes are fixed on silk in a less colours on sottou. 

permanent manner than on wool. The dyeing Cotton has no affinity for metallic talts, and 
of silk appeara to depend, to a greater extent, therefore does not became mordanted by 
on absorption, and to a less extent on chemical boiling in their solutions. Iq^irect methods 
action. Tbs acid, basic, and direct dyes are have therefore to bo adopted’ m applying the 
VoL, II,— £ 2 P 
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basic mordants required for the fixation of the 
mordant dyestuffs on cotton. This fibre exhibits 
a remarkable affinity for tannic acid, which is, 
withdrawn from dilute solution and concen- 
trated on the fibre to a considerable extent. 
The tannic acid may then serve for the fixation 
either of metallic mordants 01 of basic dyestuffs 
upon the fibre. 

The vat dyes and sulphide dyes are now of 
first importance, since, by their use, extremely 
fast colours are obtained upon cotton. 

The so-called ingrain dyes are used almost 
exclusively on cotton. The term is applied to 
designate a class of dyes which are produced m 
situ on the fibre by precipitation. 

Mercerised cotton is virtually a distinct 
textile fibre , and whilst its dyeing properties are 
essentially the same as those of ordinary cotton, 
its treatment requires special precautions on 
account of its great affinity for the direct 
dyes. 

The dyeing of linen. The behaviour of linen 
towards the respective classes of dyestuffs is 
similar to that or cotton, but it is more difficult 
to dye. The inferior dyeing affinity of linen is 
probably due to the different physical structure 
of the fibre. 

The dyeing of lute. Although a cellulose 
derivative, jute differs from cotton and linen, 
both m its chemical composition and properties 
As regards dyeing processes, it behaves, to a 
certain extent, like tannin-mordanted cotton, 
and may be dyed not only with direct , but with 
basic colouring matters without the aid of a 
mordant. 

The dyeing of leather. Leather resembles 
wool in dyeing properties, but the difficulty of 
dyeing it m fast colours is increased by the 
necessity of using lukewarm liquors only, since 
boiling water destroys ordinary leather. (Vrtam 
of the newer methods of producing leather, c g 
chrome tannage, yield a product which will 
withstand boiling solutions. It is very im- 
portant as regards the permanence of the 
leather (when used c.q for bookbinding or 
furniture covering) that no mineral acid should 
be employed in the dyeing process. As a 
substitute, formic acid may be recommended. 
The acid and basic colouring matters are chiefly 
employed, the mordant dyes being used to a 
less extent. 

The dyeing of feathers. The chief cause of 
difficulty m the dyeing of feathers is their : 
natural water-resisting property. This is due I 
partially to their ultimate physical* structure, 
and partially to the natural grease present. | 
, The midrib is specially difficult to dye. Apart 
from these special difficulties, feathers behave 
in dyeing, like wool, and may be dyed with acid, 
basic, direct, or mordant dyes. Reds, browns, 
blues, and other colours are usually dyed with 
acid dyes, but the most satisfactory blacks are 
obtained by successive and repeated treatments 
with logwood extract, and ferrous sulphate with 
potassium binoxalate. Dyeing must proceed for 
a considerable period at the boil, m order to 
ensure penetration. 

The dyeing of horn. Horn is d^ed in strong 
solutions of acid dyes by steeping for a long 
period in the cold or slightly warm Laths, which 
are acidified with acetic or formic acid. Since 
it oontains sulphur, horn may be dyed brown 


bv steeping in a solution of sodium plumbite, 
which results in the formation of lead Bulphide. 
Black is also produced by alternate stoppings 
in solutions of mercuric nitrate and potassium 
sulphide. 

The dyeing of ivory. Both acid and basic 
dyes may be employed in the dyeing of ivory, 
the former being used with addition of acetic 
or formic acid m hot solutions. Alcoholic solu- 
tions of colouring matters may also be em- 
ployed. Red is frequently dyed by the cochineal 
single-bath process used for wool (see p. 5r)0). 

Black is produced either by the logwood and 
iron or aniline black process, as used in cotton 
dyeing, or by means of silver nitrate. 

The dyeing of wood. The method of dyeing 
wood in bulk is to boil or steam it to remove the 
resins, and then treat it m an apparatus similar 
to that employed in creosoting. The wood is 

I daced m a closed vessel which is exhausted 
>y a vacuum pump, and when the air has been 
sucked out from the pores as completely as 
possible, the hot dye liquor is admitted into 
the vessel and put under pressure by a force 
pump. The direct, and basic dyes may be em- 
ployed Wood is usually dyed black by alter- 
nate treatments with logwood extract and 
sodium dichromate solution. 

The dyeing of straw. Straw is largely dyed 
for use in tHe manufacture of hats and baskets. 
There are two commercial varieties, distinguished 
as cln p and straw. Chip is readily dyed by means 
of the direct cotton dyes oi the sulphide, dyes, and 
many basic and and dyes in neutral solution 
may also be employed. The process must be 
continued for 2 to 3 hours at the boil. 

‘ Straw ’ is more difficult to dye than ‘ chip,’ 
cm account of the highly silieious character of 
the surface. The straw should be steeped for 
several hours in warm wafer before dyeing. 
Blacks arc usually obtained with logwood and 
iron, but for colours the direct cotton and the 
baste dyes are chiefly used. 

Matkhials used in Dyeing Operations. 

A great variety of chemical substances are 
used in dyeing processes — acids, alkalis, oxidis- 
ing and reducing agents, metallic salts, and a 
wide range of organic bodies. Two groups only 
need be here considered, viz. : (a) mordants, and 
[ (6) colouring matters. 

Mordants. The function of a mordant is to 
chemically combine with the dyestuff employed, 
and fix the latter upon the fibre. It has already 
been mentioned that many colouring matters do 
not require the aid of mordants, but dye direct 
from their solutions. This applies to the acid, 
direst, basic, and vat dyes when used for wool 
and silk, and the direct, sulphide, and vat dyes 
when used for cotton* On the other hand, the 
mordant and acid-mordant dyes (as their name 
[ implies) demand the use of mordants on wool, as 
do the mordant and the basic dyes on cotton. 

It is evident that the chemical properties of 
the dyestuff will govern the character of the 
mordant required for its fixation, and two types 
of mordants may thus be distinguished : (1) 
the metallic or basic mordants, used for the 
mordant 7 dyes and (2) the^ocid mordants, re- 
quired in applying the basic dyes to cotton or 
other vegetable fibre. 

Basic mordants are employed for fixing on 
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animal and vegetable fibres those colouring 
matters which are of an acidic character, i.e. 
either true acids or bodies containing hydroxyl- 
groups, of which the hydrogen is replaceable by 
metals. They are metallic salts, or which the 
most important are certain compounds of 
chromium, aluminium, iron, and tin. 

Wool is mordanted by boiling it with dilute 
solutions of these metallic salts, usually with the 
addition of certain acids or acid Balts, e.g. cream 
of tartar, sulphuric acid, formic acid, oxalic acid, 
&c. During this operation, the wool assists in 
the dissociation of the metallic salt ; an insoluble 
basic salt boing fixed within and upon the fibre, 
while a more acid salt remains in solution. The 
acids or acid salts, which arc added along with 
the metallic salt, possibly assist the dissociation 
of the latter by forming more sensitive salts 
(tartrates, oxalates, &c ), and are conveniently 
termed assist avis. 

As a rule, the mordanting operation precedes 
that of dyeing , not infrequently, however, the 
two operations take place simultaneously, and 
the dyeing is thus effected by the so-called 
‘ single- bath ’ or ‘one-dip’ method, as, for 
example, m producing cochineal scarlet on wool 
In such cases, the wool is boiled in a solution con- 
taining colouring matter, metallic salt, and as- 
sistant, in certain accurately determined relative 
proportions. Combination takes •place between 
the colouring matter and the mordant, but the 
pigment which would otherwise be precipitated, 
is retained in solution by the liberated acid of 
the mordant or the assistant present, and is 
only gradually withcliawn from solution by 
the fibre, which thus becomes dyed. 

In the ease of the ‘ acid-mordant ’ dye- 
stuffs, the application of the mordant follows 
that of the colouring matter. 

Silk may be mordanted m the same manner 
as wool, by boiling with metallic salt solutions ; 
but, more usually, it is steeped for about 12 hours 
in cold solutions of the mordants previously 
rendered more or loss basic and sensitive. By 
subsequently washing with (calcareous) water, 
the metallic salt absorbed by the silk is dis- 
sociated, and an insoluble basic salt is pre- 
cipitated within the fibre. 

Cotton is mordaqted with metallic salts by 
processes very different from those adopted for 
wool and silk, since it has not the property of 
causing therflissoeiation of the metallic salts when 
boiled or steeped m their solutions. The methods 
adopted also vary according to the form of the 
material, i.e. whether it be cotton-wool, yarn, 
or doth. 

With calico, it is usual to impregnate the 
fabrio with solutions of metallic acetates, then 
to dry it, and expose for several hours to a moist 
warm atmosphere. During this so-called ‘ age- 
ing * process, dissociation of the salt takes [ilace, 
aoetic acid escapes, and a more or less basic salt 
remains fixed upon the fibre. 

Sometimes the ‘ ageing ’ is replaced by a 
‘ steaming process,’ in which the fabric is exposed 
from J to 1 hour to the action of high or low 
pressure steam in a closed chamber. This method 
U adopted by the printer of textile fabrics in the 
so-called * steam style,’ in which a mixture of 
colouring matter and metallic salt (usually 
aoetate) is printed upon the fabric, which is then 
dried and steamed. The metallic salt is decom- 


posed, a basic salt is precipitated upon the fibre, 
and at the same time the mordant combines with 
the colouring matter and produces the coloured 
pigment. This method is analogous to the 
single- bath process of the woollep dyer. 

Cotton may also be mordanted by impreg- 
nating it with a metallic salt solution, drying, 
and then passing through a solution of ^ an 
alkalino substance, e.g. ammonia, chalk, Bodium 
carbonate, &c., to neutralise the acid atid 
precipitate upon the fibre a basic Halt or metallic 
oxide. Solutions of an alkali salt, the acid of 
which forms an insoluble compound with the 
base of the mordant, e.g. sodium phosphate, 
Hihcatc, arsenate, &e., are also employed. The 
substances used in this manner for fixing the 
mordant upon the fibre are termed fixing agents. 

In some cases of mordanting, the cotton is 
first, impregnated with the fixing agent {e.g. 
tannic acid, sulphated oil, &c.), then dried and 
afterwards passed through the mordant solution, 
as for example, in Turkey-red dyeing. 4 

Special methods of mordanting cotton are 
occasionally adopted, in accordance with the 
properties of the metallic salt employed. Stannic 
oxiuc, for example, may bo fixed on cotton by 
passing the fabric through a solution of sodium 
stannate, and then through dilute sulphuric acid, 
and finally washing Alumina is precipitated on 
the fibre by the mere oxpowuie to air of cotton 
impregnated with sodium aluminate, in which 
case atmospheric carbonic acid is the active 
fixing agent. 

The chromium mordants are of the first 
importance, since, with different colouring 
matters, they yield a considerable range of 
colours which are remarkable for their per- 
manence. The most important chromium 
mordants are potassium and sodium dichro- 
mates, and they are more largely used as 
mordants in wool dyeing than all other metallic 
salts. In cotton dyeing they are not used as 
mordants, but are frequently employed as oxidis- 
ing agents, e.g. to develop the colour in dyeing 
catechu brown or aniline black. Bichromates 
are also used m producing 1 chrome yellow ’ and 
* orange ’ (chromates of load) on cotton. Chrom- 
ium fluoride (CrF 3 ,4H,.0) is also used to a 
limited extent as a mordant for wool. Other 
chromium salts employed as mordants, chiefly 
for cotton, are chrome alum, chromium acetate, 
and various chromates of chromium. Chrome 
alum is obtained in large quantities- as a by- 
product during the manufacture of alizarin ; 
chromium acetate is prepared by mixing together 
solutions of chrome alum and lead acetate. 

Wool is mordanted with chromium by boiling 
for 1-1 1 hours m a solution containing 3 p.c. 
potassium (or sodium) dichromate calculated on 
the weight of wool. In many eases it is bene- 
ficial to add 1 p.c. sulphuric acid (sp.gr. 1*84) 
or 1'6 p.c. hydrochloric acid (sp.gr. 1'16), or 
6 p.c. tartaric acid, or 1 to 2 p.c. formio acid, 
whereby fuller or brighter colours are ultimately 
obtained. •WTien potassium dichromate alone 
is ymployed, partial decomposition of the 
salt occurs, accompanied by some reduction, 
the wool absorbing some ohromic acid and 
chromium* chromate as well as potassium di- 
chromate. When an addition of* sulphuric 
acid is made, the wool Absorbs only obromio 
acid. In both cases the mordanted wool 
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has a yellow or buff colour, and only in the monium chloride. Normal and basic aluminium 
dye-bath does the reduction to the real mor- acetates are also employed, the cotton being 
dariting body, chromio oxide, tflke place within impregnated with their solutions, then dried, 
the fibre through the interaction of tno colouring ana exposed to a moist warm atmosphere 
matter. When formic or tartaric acid is the (‘ ageing ’), and finally passed through a hot 
assistant employed, the mordanted wool has a solution of, c.g., sodium arsenate. The alum in- 
green colour, reduction of the chromic acid ium acetates employed are prepared by dis* 
taking place already in the mordanting bath, solving aluminium hydrate in acetic acid, or by 
and cnromic hydrate being deposited within the decomposing a solution of aluminium sulphate 
wool substance. If large amounts of potassium with calcium or lead acetate (‘red liquor’), 
dichromate are employed in mordanting, ospeci- Tho more basic the aluminium salts are, the 
ally if sulphuric acid is also added to the bath, more readily do their solutions precipitate by 
bad results may be obtained through tho colour- heating or on dilution with watei, and the 
ing matter being oxidised and destroyed by the larger the quantity of alumina they yield to 
excess of chromic acid present in the wool. This tiie fibre when used as mordants, 
defect is known as ‘ over-chroming.’ in certain The chief iron mordants employed are ferrous 
cases, potassium diehromate may bo usefully sulphate and acetate, and ferric sulphate, aoe- 
applied in the samo bath with tho colouring late, and nitrate. 

matter {c.g. with alizarin), or by an after pro- The ferrous acetate employed is made by dis- 
cuss {c.g. m the case of camwood). solving scrap iron in pyroligneous acid. The 

Silk is not usually mordanted with chromium. 1 pyrolignite of iron ’ or ‘ black iron liquor ’ thus 
It becomes mordanted, however, if boiled with a obtained is preferable to that , made by the 
solution of potassium diehromate and tartaric mutual decomposition of ferrous sulphate and 
acid after the manner of wool, hut not if potas- lead acetate solutions, being less liable to oxidiso 
slum diehromate alone, or with the addition because of tho presence of tarry matter and 
of sulphuric acid, is employed. The fibre is reducing agents, c.g. pyrocatocliol, &c. Feme 
somewnat injured by this process. sulphate is prepared by heating a mixture of 

Colton may ho 'mordanted with chromium definite proportions of ferrous sulphate, sul- 
by impregnating it with a moderately concen- pliunc acid, and nitric acid. Although the 
trated solution of chrome alum, drying, and last-mentionell substance is only used as an 
passing through a boiling solution of sodium oxidising agent, tho final preparation is generally 
carbonate or caustic soda. Better results are termed by dyers 1 nitrate of iron.’ The so- 
obtamed by tho use of ‘ chromium mordant called ‘ pure nitrate of iron ’ (ferric nitrate) 
G. A. I.’ or ‘ G. A If.’ (M. L. & R), which arc is prepared by dissolving scrap iron m nitric 
solutions of chromium chromates. Other satis- acia. 

factory mordants for cotton arc chromium hi- Wool may be mordanted by boiling in a 
sulphite (Knecht) and sodium chromite (Koecli- solution of 7 p.c. ferric Bulphate [Fe 2 (S0 4 )j] and 
hn). A method in vogue with the printer is to 4 p.c. potassium binoxalato, calculated on the 
impregnate (pad) or print the cotton with a weight of the wool, but iron is now very little 
mixture of colourmg matter and chromium used as a mordant for wool, 
acetate, dry and steam (‘ steam colours ’). Silk may be mordanted by steeping for about 

The chief aluminium mordants employed for 12 hours in a cold solution of pyrolignite of 
wool are aluminium sulphate and alum. Tho iron (sp.gr. 1*025), and afterwards washing well, 
best results are usually obtained by boiling the Tho most usual mordant, employed largely in 
wool for 1-U hours with a solution of 8-10 p.c. black-silk dyeing, is the basic ferric sulphate 
of the aluminium salt calculated on tho weight Fe 4 (S0 4 ) 5 (0H) 2 . The silk is steeped m a some- 
of the wool, with the addition of cream of tartar, what concentrated solution of this salt (sp. gr. 
in the proportion of 3 mols to 1 mol. aluminium 1*25) for about 1 hour, then squeezed and well 
sulphate. Aluminium tartrate also gives ex- washed. The operations arc repeated seven or 
cellent results, but it is cheaper to allow this eight times, after which tho silk is boiled in an 
salt to lie formed in the mordanting hath itself old soap-bath and finally washed. In this pro- 
in the manner described. With some colouring cess, the very sensitive basic ferric sulphate ab- 
matters, oxalic acid or potassium bmoxalate are sorbed by the fibre is decomposed during the 
to bo preferred as assistants to cream of tartar, several washings, a still more basic and insoluble 
Silk is mordanted by boiling with dilute salt being precipitated within the fibre, 
aluminium sulphate solution, or by steeping Cotton is usually mordanted with iron by 
24 hours in a concentrated solution, and then first impregnating it with a cold solution of tan- 
washing in water, preferably calcareous. nin matter {c.g. myrobolans), and then, with or 

The methods of mordanting cotton with without drying, passing into a dilute solution of 
aluminium are various. It may be impregnated ferrous acetate, ferric sulphate, or nitrate (sp.gr. 
with a moderately concentrated solution of 1-01-1 02). The cotton may alternatively do 
alum or aluminium sulphate, dried, and then impregnated with ferrous or ferric acetate, dried, 
passed for a few minutes into a hot solution of and exposed to a moist warm atmosphere (‘ age- 
sodium phosphate, arsenate, or silicate, or am- mg ’), finally fixing the mordant by passing 
monium carbonate. Or the cotton may be through a hot solution of, c.g., sodium phosphate, 
impregnated with a cold solution of neutralised Tin mordants are now rarely used, bui if 
sulphated oil, or of tannic acid, then dried, and required the stannous salts are employed for 
steeped in a solution of aluminium acetate or wool and the stannic salts for cotton. The chief 
basic alnminium sulphate. Another method stannous mordant is stannous chloride or ‘ tin 
consists ifi impregnating the cotton with a solu- crystals.’ It is frequently sold as a somewhat 
tion of sodium alumiiiate, drying and exposing acid solution under the names of ‘ single muriate 
to the air, or pawing through a solution of am- of tin’ (ap.gr. 1*3), or 'double, muriate of 
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tin ' {ip.gr. 1*0). The general name ‘ tin spirit* ’ 
is given to a variety of eolations of tin in mixtures 
ofliydrochlorie, sulphuric and nitric acids. 

Wool is mordanted by boiling in a solution 
containing 6 p.c. of the weight of wool of stan- 
nous chloride, and 6-10 p.c. cream of tartar. 
Large proportions of stannous chloride should 
be strictly avoided, otherwise the dyed wool feels 
harsh ana its general properties are impaired. 

Silk may be mordanted in the same manner 
as wool, or steeped 1 sovoral hours in a more 
or less concentrated solution of stannic chloride, 
and then well washed. 

Cotton is mordanted with stannic oxide by 
impregnating the cotton with cold tannin solution 
(e.g. sumach) for 3 hours, then squeezing, and, 
with or usually without drying, Bteeping 1 
hour in a dilute solution of stannic chloride 
(sp.gr. 1*02), and washing. Cotton thus mor- 
danted was much used formerly for fixing 
mordant dyes — peachwood, logwood, &c , in 
which caso the stannic oxide constituted the 
mordant, the tar.nic acid acting as fixing agent. 
Now that the basic coal-tar dyes are so much 
employed in dyeing cotton, although the same 
method of mordanting is employed, the role# of 
the tin salt and tannic acid are ro versed, for it 
is really the tannic acid which is the essential 
mordant, while the stannic chloride serves only 
as the fixing agent. 

Acid mordants are employed for fixing basic 
colouring matters on cotton. They are not used 
in wool or silk dyeing, since these fibres them- 
selves act os acid mordants, and are dyed 
directly without the aid of any external mordant 

Tannic acid is the mordant 'par excellence 
for fixing the basic coal-tar colours on cotton 
This fibre absorbs tannic acid from its cold solu- 
tion, and, when thus prepared, if immersed 
in a solution of a basic colouring matt-er, the 
tannic acid combines with the colour base, a 
coloured lake is formed within the substance of 
the fibre, and the cotton becomes dyed. During 
the dyeing process, the acid originally in com- 
bination with the colour base is displaced, and 
since in the froo state it interfere* with the com- 
plete formation of tho colour lake, it is found 
beneficial to add a small proportion of sodium 
carbonate or acetate to tho dye-bath. Since the 
tannates of colour bases arc somewhat soluble, in 
excess of tannic acid or in alkaline (or soap) 
solutions, ill is nocossary in practice to fix the 
tannic acid on the fibre, previous to dyemg, in tho 
form of an insolublo metallic tannate. This is 
done by passing tho tannie-acid-prepared cotton 
through a hot or cold solution of tartar emetic or 
stannic chloride ; tannate of antimony or tin is 
thus fixed on tho fibre, and these salts have as 
great an affinity for the colour base as free tannic 
acid has. Cotton thus mordanted and dyed is 
probably permeated with a very insoluble double 
tannate of antimony or tin and colour base ; a 
triple compound wnioh is insolublo in alkaline 
solutions, and therefore fast to washing with 
soap, &c. 

The tannin mordants, chiefly used by the 
dyer, are gall nuts and sumach, for light colours ; 
and myrobolans, divi-divi, quebracho, and 
chestnut extraot, for dark colours and blacks. 

As already pointed out, tannic Mid is some- 
times used as a fixing agent for tin, iron, or 
aluminium mordants, and since its iron com- 


pound is of a bluish -blaok colour, it sometimes 
serves as a useful colouring matter. 

Tannic acid, is not used as a mordant. for 
wool, but for silk it is largely employed, partly 
for adding weight to the silk, and partly for the 
purpose of dyeing fib blaok in conjunction with 
iron mordants, its utility as a weighting Agent 
is owing to the fact that under suitable con- 
ditions silk absorbs as much as 25 p.c. of its own 
weight of tannic acid from a hot solution, 
whereby the iibre gains not only in weight, but 
also in volume. 

Fatty and s are used as mordants, very much 
in the same way as tannic acid, for fixing 
the basic coal-tar colours on cotton. Thoy are, 
however, not attracted by cotton from their 
solutions, but they form insoluble lakes with 
the colour bases. The method of procedure 
is to impregnate the cot-ton with a more or loss 
concentrated solution of their alkali salts, viz. 
soaj) ; after drying, the fabric is passed through, 
or preferably steeped in, a cold solution of, 
aluminium sulphate, and washed. Although tlfe 
fatty acid is thus fixed on the fibre as an insoluble 
aluminium soap, it is st-ill capable of combining 
with the colour base when the cotton is passed 
into a solution of a basic colouring matter 
Dolours dyed by this method are brighter than, 
but not so fast to washing as those fixed by 
means of tannic acid 

Instead of ordinary soap, a more con* 
venient fatty-acid mordant to employ is the 
so-called ‘sulphated oil.’ This is prepared bv 
mixing two parts by weight of castor oil with 
about one part of sulphuric acid (sp.gr. 1 -84), and 
allowing tho mixture to stand for 24 hours. It 
is then washed with a strong solution of common 
salt to free it from excess of acid, and is finally 
neutralised with ammonia or caustic soda. Tho 
product of the action of the acid upon the oil 
is somewhat complex, but its practical utility 
depends upon the fact that it behaves like a 
fatty acid and gives an extremely soluble soap 
with alkalis. Ordinary castor-oil soap pro- 
duced by boiling the oil with caustic soda is 
also very soluble, and may bo used as a mordant. 
Sulphated oil is frequently called ‘ Turkey- 
red oil,’ ‘ alizarin oil,’ and ‘ solublo oil,’ since 
it is largely used in the modern Rhort process 
of Turkey-red dyeing as the iixing agent for 
tho necessary aluminium mordant, and it gives 
tho characteristic brilliancy of colour obtained 
by the use of the oil preparations formerly 
employed. Monopole oil is a similar product. 

Phenqjic colouring principles, e.g. alizarin, 
and certain acid colouring matters derived 
from benzidene, stilbene, fluorene, &c. (tho 
direct cotton dyes) can also be fixed on cotton, 
and serve as mordants for basic colouring mat- 
ters, but they are only occasionally used for this 
purpose for the production of compound shades. 

COLOTTRTNO MATTERS. 

(For Classification, Heo p. 575). 

General Methods of Application. 

(Ilass I.— Mordant dyes. This group of dye- 
stuffs includes the majority of the natural dyes, 
also the niftnerous class of alizarin dyes, a number 
of derivatives of pyrogallol and oth#r phenols, 
and certain azoquinono-oxwnes and nitroso- dyes. 
The following are the chief members of the group. 
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Mordant dyes of natural origin — Logwood ; 
madder ; cochineal ; limawood and other 
‘ soluble redwoods ’ ; camwood and other 
‘ insoluble redwoods ’ ; fustio ; weld ; querci- 
tron bark and flavin. 

Synthetic mordant dyes. — Alizarin ; anthra- 
purpurin, flavopurpurin, and purpurin ; nitro- 
alizarin (alizarin orange) ; alizarin maroon 
(aminoalizarin) ; alizarin bordeaux ; anthra- 
cene brown ; alizarin blues ; alizarin cyanine ; 
anthracene blues ; alizarin greens ; coerulein ; 
anthraceno yellow ; mordant, yellow, galloflavm, 
&c. ; alizarin black ; gallom ; gallocyanm ; 
oudestino blue ; naphthol green, dark green, 
gambine, &c. 

The mordant dyes are largely used m the 
dyeing of wool and in the dyeing and printing of 
cotton and silk, Generally speaking, they yield 
colours which are of great fastness to light, 
soaping, acids, alkalis, bleaching agents, &c 
As regards cotton dyeing, they have largely been 
replaced by * alter- treated ’ direct, dyes aixl the 
very fast vat and sulphide dyes recently intro- 
duced. 

When a fabric, previously mordanted with 
a metallic salt, is dved with a mordant dye, a 
chemical reaction takes place, resulting in the 
formation of a new compound which is the 
actual colouring substance ; this compound 
being, at the same time, fixed upon the fibre, 
which thus becomes dyed. These colour lakes 
• or pigments may, for the most part., be equally 
well produced by bringing together the mordant 
and the dyestuff under suitable conditions in the 
absence of the fibre. Many colour lakes of this 
class are indeed manufactured m bulk for use in 
printing or painting. 

There are three methods by which mordant 
d\ r es may be applied : (1) the mordant may be 
first applied to the fibre, and afterwards the 
dyestuff in a separato operation (‘mordanting 
and dyeing method ’) ; (2) the order of applica- 
tion of mordant and dye may be reversed 
(‘ dyeing and saddening method ’) ; or (3) t-ho 
mordant and dyestuff may be applied simul- 
taneously (‘single-bath method’). All three 
methods are m use. If equally good results can 
bo obtainod, the 4 single-bath ’ process is to be 
preferred, but usually the ‘ mordanting and 
dyeing ’ process gives the maximum fastness. 

The dyeing of wool with mordant dyes . — 
When potassium dichromate ih employed as 
mordant, the ‘ mordanting and dyeing ’ process 
is usually preferable, because, in the ‘ single-bath ’ 
process, the acid necessarily added t# dissolve 
the colour lake formed in the dye-bath, converts 
the mordant into such a powerful oxidising 
agent by liberating chromic acid, that most 
dyestuffs are injuriously affected, in the two- 
bath process, the wool should be thoroughly 
washed after mordanting. If this operation is 
omitted, a portion of tho mordant passes from 
the wool into the dye-bath, and, combining with 
an equivalerft amount of colouring matter, forms 
a precipitate which floats about in $ti insoluble 
condition. This not only leads to loss of dye- 
stuff, but also tonds, by superficial absorption, 
to cause the dye to 4 rub off.’ The dyeing 
rooess consists in boiling the wool for from 1 to 

hours frith the colouring matter in aqueous 
solution. The final washing, after dyeing, has 
for its object J.he removal of any colouring 


matter which is imperfectly fixed ; but, however 
thorough the washing may be, there is usually a 
small amount of colouring matter present on the 
dyod wool, which has merely been absorbed 
without combining with the mordant. This 
free colouring matter will dissolve out or ‘ bleed ’ 
during milling or scouring, because most mor- 
dant dves are readily soluble in alkaline solu- 
tions. A slight supplementary mordanting 
(‘ afterchroming ’) is frequently used to fix this 
small amount of free dyestuff. 

The 4 dyeing and saddening ’ method is not 
much used with the true mordant dyestuffs, but 
is the chief process used in applying the acid mor- 
dant dyes. Since the ultimate intensity of colour 
depends chiefly upon the amount of dyeBtuff 
which is fixed in the first hath, whilst the colour 
is only developed by the mordant in the second 
bath, it is obviously more difficult to exactly 
match a pattern when this process is used than 
when the mordant, is applied first. 

in the ‘ single -hath ’ method ,of dyeing, the 
bath is prepared with the necessary amount of 
mordant, and dyestuff with an addition of 
sufficient, acid (usually oxalic or acetic acid) to 
dissolve tho colour lake formed. This process 
is therefore only suitable when the colour lake 
is soluble in dilute acid, and this is particularly 
characteristic of the tin and aluminium colour 
lakes ; alt hough the single- bath process iR also 
frequently applicable) in the case of ferrous 
sulphate or chromium fluoride mordants. 

The dyeing of silk with mordant dyes . — The 
mordant dyes arc not very largely used on silk, 
chiefly because they detract somewhat from the 
lustre of tho fibre. The degree of fastness of 
the aeul dyes, if suitably selected, is, moreover, 
usually sufficient, for the requirements of the 
silk dyer. The methods of mordanting have 
already been dealt with. Dvoing must take 
place at tho boil for about, an hour, and t.ho silk 
is subsequently brightened by working in a 
warm dilute solution of acetic or tartaric acid, 
and dried without, washing. 

Dyeing of (.niton with mordant dyes . — The 
‘ mordanting and dyeing ’ method is generally 
used in cotton dyeing Aluminium is the chief 
mordant employed, and, in conjunction with 
alizarin, it yields tho important Turkey-red dye. 
This is a complex compound containing an 
alizarin-alumimum-calcium lake in combination 
with polymerised fat acids. In the production of 
this colour, the cotton is firRt prepared with 
sulnhatod oil, then dried, mordanted with alum, 
anu subsequently dyed with alizarin. The 
complete process involves a large number of 
operations, for the details of which manuals of 
dyeing must, be consulted. Tho dyeing of 
Turkey red is a very ancient process, having 
been carried out centuries ago m India by the 
aid of milk (as fatty matter) and munjeet, the 
Indian madder plant. No alum was employed, 
but the plant with its earthy incrustations con- 
tained sufficient alumina to produce the alumina 
lake. Tho art. spread from the East through 
Persia and Turkey, and was first introduced into 
this country (Glasgow) in 1790. Madder has 
now been entirely replaced by synthetio alizarin 
in Turkey-red dyeing, and the substitution of 
4 sulphatod oil ’ for olive oil or soap has also 
greatly simplified tho process. 

Another important mordant dye on cotton 
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is logwood black, whioh is obtained by dyeing 
with logwood on tannin-iron mordant. It is 
largely used in hank and warp dyeing. Catechu 
brown is produced by the * dyeing and sadden- 
ing ’ method, the cotton being first steeped in 
a strong solution of catochu, and subsequently 
treated with potassium dichromate. The latter 
aots essentially as an oxidising agent, producing 
the so-called japonic acid on the fibre. 

A great variety, of permanent and bright 
colours may be obtained with mordant dyes on 
cotton mordanted with chromium or aluminium, 
but they are not very largely used, fast colours 
being chiefly produced by means of the mlphide, 
vat, and ingrain dyes (Classes VT., VII , VIII ). 

Class II. — Acid-mordant dyes. These dyes 
aro suitable only fbr wool and silk, and are 
largely used on wool. They are now very 
numerous, and aro chiefly azo- compounds con- 
taining salicylic acid or ortlioammophonol com- 
ponents. Some, however, are anthracene or 
pyrogallol derivatives. Unlike the mordant 
dyes, they, usually contain sulphomc acid 
group. 

Many of the .«,cid-mordant dyes may be 
employed as ordinary acid dyes, since a mordant 
is not essential to the development of their 
colour. Usually, however, such dyestuffs pro- 
duce faster colours when applied in conjunction 
with a mordant. 

An exhaustive list of acid -mordant dyestuffs 
cannot be given, but the following will serve as 
examples. " They include dyes giving a complete 
range of colours, Reds : acid-alizarin, anthra- 
cene, chrome, cloth and milling reds. Oranges 
and yellow* : cloth oranges and yollows, alizarin 
yellows (certain marks aro mordant dyes), 
chrome yellows, milling orange and yellow, 
'diamond, and mordant yellow. Greens: acid- 
alizarin, chrome, diamond and milling greens. 
Blues : acid -alizarin, brilliant-alizarin and 

chrome blues ; chromotropes (chromotropes dye 
red as acid dyes). V tolets : alizarin heliotropes ; 
anthraquinono and chrome violets ; fast violet. 
Blacks and greys : acid-alizarin, acid-clirome, 
anthraoene-acid, anthracene chrome, chrome, 
chromotrope and diamond blacks. Browns : 
acid-alizarin, acid-anthracene, chrome, cloth, 
diamond, and palatine browns ; chromogen. 

Dyeing of wool with acid-mordant dyestuffs . — 
The usual method of application of this class of 
dyestuffs is to prepare a bath containing the 
necessary ‘amount of dyestuff along with 1 to 
3 p.c. sulphuric or 3 to 5 p.c. acetic acid, and 
5 to 10 p.c. sodium sulphate (daubers salt) 
(all calculated on the weight of wool). After 
the solution has been brought gradually to the 
boiling-point, the boiling is continued until the 
colouring matter is entirely fixed, an additional 
amount of acid being added if necessary. Excess 
of acid, however, frequently retains the dyestuff 
in solution. Tho wool is then removed from 
the bath, the metallic salt is added, and tho 
wool is again boiled in the bath for half an 
hour. In most cases, potassium dichromate, 
to the extent of one-half the weight of the 
dyestuff, is the mordant employed. 

A modification of this process is used with 
the metachrome series of dyestuffs. The meta- 
chrome mordant is a mixture of yellow potassium 
chromate and ammonium sulphate. The bath 
is prepared with 3 to 6 p.c. of this mordant 


together with the dyestuff. A prolonged boiling 
is neoessary, during whioh the ammonium salt 
is decomposed, ammonia -being evolved and 
the liberated sulphuric acid gradually converts 
the chromate into dichromate and assists in the 
fixation of the dye and the formation of the colour . 
lake. 

The anthracene chromate dyes are applied in 
a bath containing colouring matter, dienromate, 
and sodium sulphate ; this being another 
modification of the usual process. 

The mereerol and autochrome dyes are also 
applied by special processes. 

Tho acid- mordant dyes are of increasing 
importance in wool dyeing, but are little used on 
silk, and not at all on cotton. 

Class III— Acid dyestuffs. The acid dyes 
constitute the most numerous class of synthetic 
colouring matters. The chief chemical groups 
of acid dyes arc azo- dyes , mtro- compounds, 
sulphonated basic dyes, and phthaleins ; the 
greatest number being azo- dyes. The azo- dyes 
contain few greens, blues, and violets ; but tjje 
rods, oranges, yellows, browns, and blacks are 
very numerous. Tho mtro- compounds are few 
in number and are all yellows, tho chief being 
picric acid and naplithol yellow. Tho greater 
number of the sulphonated basic dyes, on the 
other band, arc greens, blues, and violets, but 
acid magenta belongs to this gioup. The 
resorcin or phthalem dyes are chiefly brilliant 
pinks or reds, tho cosins being the most im- 
portant group. 

So extromoly numorous aro the acid dyes, 
and their names are so varied, that, no useful 
purpose would bo served by the enumeration of 
a small number of the products. 

The dyeing of wool with add dyes . — Tho 
commercial acid dyos are, in most cases, the 
sodium salts of sulphomc acids. The nitro- 
compounds, however, owo their acid character 
to the presence of mtro- groups in tho molecule. 

The simplest and most usual method of 
dyeing acid colours on wool is to prepare a bath 
containing the requisite amount of dyestuff 
with I to 4 p.e. of sulphuric acid and 10 to 20 
pc. of sodium sulphate (dauber's salt). The 
wool is dyed m tins solution for about an hour, 
boiling for the greater part of tho time. Some 
dyes require smaller, and some larger percentages 
of acid. The sodium sulphate has a levelling 
influence on tho fixation of tho dyestuff, probably 
by reason of the solvent action which it exerts, 
since acid dyes are readily removed (‘ stripped ') 
from wool by boiling in a solution of sodium 
sulphnto* Another reason is to be found in the 
retarding action which it exerts in the liberation 
of the free colour and bv tho sulphuric acid. 
The equation, which may be expressed as : 
Colour salt-f H 2 RG 4 ^ colour acid +-Na 2 S0 4 , 
is reversible. (See also M. Firt, Theory of the 
Acid Dyebath, d. Noc. Dyors, Ifilfi, p. 33.) 

Sodium bisulphate or ‘ nitre cake ’ may b® 
used in place of the sulphuric acid and sodium 
sulphate, *ir the sulphuric acid may bo entirely 
replaced by acetic or formic acid. 

In the case of dyestuffs which do not readily 
produce level colours on the fabric, the acid 
may bo added to tho bath gradually in small 
portions at a time, or may be siiV.tituted by 
an ammonium salt, e.§. ammonium sulphate 
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or acetate. The aoid is then liberated very 
gradually as the ammonium salt is decomposed 
in the boiling bath, and the colouring matteT is 
therefore converted very slowly from the con- 
dition of the soluble sodium salt to that of the 
more or less insoluble free sulphonic acid. 

The dyeing of silk with acid dyes. — Acid dyes 
are very largely used in silk dyeing. They are 
applied in a bath containing a large quantity 
(up to 25 p.c. in volume) of 7 boiled-off 1 liquor, 
the soapy solution of the silk gum obtained in 
the ‘ungumming’ of raw silk. Tho bath is 
renderod slightly acid by means of sulphuric, 
acetic, or formic acid. Dyeing usually takes 
place at about 80°, at which temperature silk has 
more affinity for acid dyes than in a boiling bath. 

After dyeing, the silk is washed and is then 
‘ brightened ’ by working in a dilute (sulphuric, 
acetic, or tartaric) acid solution and dried 
without washing. 

The dyeing of cotton with acid dyes. — There is 
no satisfactory method of fixing the acid dyes 
upym vegetable fibres, but for cheap work they 
are often applied by a * padding ’ process. 

Clash TV.— The direct dyes. The direct dyes 
have the special property of dyeing cotton 
without the aid of a mordant. Liko the acid 
dyes, they are for the most part azo- compounds, 
but contain the chromophor -N~N— twice in 
the molecule, and thus belong to the tetrazo- 
group of azo- dyes. They further resemble the 
acid dyes in that they are alkali salts of sul- 
phonic acids, but as regards dyeing properties, 
they differ greatly from the simpler azo-acid 
dyes. Since the introduction, in 1884, of the 
first of the direct dyes, a very large number 
have been placed on the market, and the group 
contains (lyes of all colours — reds, oranges, 
ellows, greens, blues, violets, browns, and 
lacks. As examples of these dyes may be 
mentioned the congo, benzo, diamine, mikado, 
titan, and ohlorazol dyes. 

Primuline- is an example of a direct dye 
which is not an azo- compound. It contains the 
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Turmeric is the only important natural direct 
dye for cotton. 

The direct dyes are largely used upon all 
fibres. No satisfactory explanation has been 
given of the fact that they readily dye cotton, 
whereas the acid dyes are entirely devoid of 
this property. The further fact that the direct 
dyes dyo wool in a neutral, or even slightly 
alkaline bath, whereas the acid dyes require 
the addition of acid, also requires explanation. 

The dyeing of wool with direct dyes — r J hoso 
colouring matters aro applied to wool m a neutral 
or feebly acid bath with or without the addition 
of sodium sulphate (dauber's salt) In somo 
cases, an aftor-treatment with a metallic salt 
gives improved fastness, the dyes then practi- 
cally falling into the class of acid-mordant dyes. 

As a class, the direct dyes on wool arc much 
faster to milling than the ordinary acid dyes. 
When fixed on wool, they are also faster to acids, 
washing, and light than when dyed on cot-tqn. 
Tn some cases, the colour produced by a direct 
dye on wool and cotton is identical, in other 
cases it differs considerably. * 

The. dyeing of silk with direct dyes. — These I 
dyes are largely used on^ilk both for self shades ! 


and also on account of their property of per- 
manent reduction to colourless bodies, in the so- 
called ‘ foulard ’ style of printing. They are 
applied in a similar manner to tne acid dyes, 
but smaller amounts of * boiled-off liquor ’ and 
acid are required. 

The, dyeing of cotton with direct dyes. — The 
application of the diroct dyes to cotton is very 
J simplo. They are dyed either from a cold, luke- 
warm, or boiling solution, to which is added a 
small amount (up to 2 p.c.) of &odium carbonate, 
and an amount of a neutral salt (up to 20 grams 
NaCl or Na ,S0 4 per litre), which is governed by 
j the solubility of the dyestuff omployed. At low 
j temperatures more concentrated solutions of 
I colouring matter aro required, brighter colours 
j obtained by passing the dyed material 
, through a solution of Turkey-red oil before dry- 
ing or by adding this substance to the dye-bath. 

Mercerised cotton has a much greater 
affinity than ordinary cotton for the direct dyes, 
and m dyeing this fibre special precautions are 
necessary to produce level colours. r . 
j Many of the direct dyes produce on cotton 
colours of great brilliance and richness, but 
they bleed out into hot, water, and are still 
more readily attacked by soap. Most of them 
aro also comparatively fugitive to light. 

There arc three processes by means of which 
the fastncss-propertics of certain of the direct 
dyes can be improved. 

1. The diazotmvg and developing process . — 

This process is applicable only in the case of 
those dyestuffs in which ammo- groups con- 
stitute the auxochrome. The cotton is first, 
dyed by the general process above described, 
then washed, and afterwards worked for a few 
moments in a cold dilute solution of nitrous acid 
(2 p.c. NaNO, and 4 pc. H(fl on the weight 
of the cotton). This treatment diazotises the 
amino- groups Tho cotton is then well washed 
in cold water and entered immediately into the 
developing bath, which contains a solution of a 
phenolic or amino- compound ; sufficient alkali 
or acid respectively being added to bring the 
‘ developer into solution. The chief developers 
used an* phenol, resorcinol, «- or /3-naphthol, 
aminonaphthol, aminodiphenvlamine, m-tolyl- 
enediamine, and certain of the naphthol 
sulphonic acids. * 

Primuline is applied by the process just 
! described, 

A modification of this method is known as 
j ‘ cov piling process .’ The cotton is first dyed 
with the direct dyo. and, after rinsing, is worked 
I in a diazotised solution of the ‘ coupler.’ The 
! chief body used as coupler is p-nitranilino. 

Ready prepared stable diazo- compounds of this 
| base aro sold under the names ‘ nitrazol,’ 
‘ azophor red,’ and ‘ nitrosamine red.’ . 

2. After-treatment with metallic salts . — Tp 
this process for improving the fastness of the 
diroct dyes on cotton, the fibre is first dyed in 
tho ordinary way, and then, after rinsing, is 
treated for half an hour in a warm slightly acidi- 
fied solution of a suitable metallic salt. The salts 
chiefly employed are copper sulphate, potassium 
dichromate, and chromium fluoride ; from 1 to S 
p.c. with addition of 2 to 4 p.c. of acetio aoid, 
being used. A mixture of tne two first-men- 
tioned salts is frequently used. This process is 
mainly employed in the case of bines, groens, 
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browns, and hlaoks. The chromium salts exert 
the greatest influence in increasing the fastness 
to washing, and the copper salt in regard to the 
fastness to light. 

This process is only applicable to the case of 
dyestuffs .containing free OH or OOOH groups. 

3. After-treatment with formaldehyde.— This 
process) which is chiefly used for navy blues and 
blacks, is carried out by working the dyed cotton 
for half an hour at 70 ° in a solution containing 
about 3 p.c. formaldehyde (on the weight of the 
ootton). The fastness against washing is con- 
siderably improved thereby. 

Cotton dyed with direct dyes may bo 
' topped 1 with basic dyes, for which the direct 
dyes act as mordants. 

Class V.— The basic dyes. This group of 
colouring matters is numerically smaller than 
the mordant, aefd, or direct dye groups. Jt 
includes, however^ the most brilliant dyes known, 
rhodamine pink, auramino yellow, malaeluto 
green, methylene blue, and methyl violet being 
well-known examples. 

The basic dyes are very diverse in their 
chemical constitution Many are derivatives of 
di- or tri-phenylmethanc (magenta, malaeluto 
green, methyl violet) ; others are azo- compounds 
(chrysoidine, Bismarck brown) ; some are azinr- 
denvatives (saframne and mduhne) ; whilst the 
thiamines contain sulphur as an essential con- 
stituent (methylene blue). 

The commercial basic dyes are usually 
hydrochlorides of* the colour bases, but some 
are acetates, oxalates, sulphates, or zinc chloride 
double salts. They are characterised by great 
tinctorial power, 1 p.c being usually sufficient 
to produce a full rich colour. As a class, they 
are not fast to light. 

Janus dyes. Those occupy an intermediate 
position between Hie basic and the direct dyes. 
They aro azo- dyes of strongly basic character, 
and possess an extraordinary affinity for both 
animal and vegetable fibres. They are only of 
slight importance. 

The. dyeing of wool with basic dyes. — Those 
dyes are little used on wool, the acid dyes being 
applied in an equally simple manner and pro- 
ducing faster colours. Wool has a strong affinity 
for basic dyes, and readily becomes dyed if 
immersed in their solutions. A small amount 
of sulphuric or acetic acid may usually be added 
with advantage. ( 'ortain of the basic dyes, 
e.g. Victoria blue, are very fast to milling when 
dyed on wool, and such are stall employed. 

The dyeing of silk with basic dyes. — Members 
of this group of colouring matters are largely 
used by the silk dyer when fastness to light is 
not important. The silk yarn is dyed at 
60 °- 80 ° in a slightly acidified solution of the 
dyestuff, to which js added some 1 boiled-off 
liquor. ’ After rinsing, the dyed silk is brightened 
in a dilute solution of acetic or tartaric acid. 

The dyeing of cotton with basic dyes. — Cotton 
has little affinity for basic dyes, which, on this 
fibre, must therefore be applied in conjunction 
with a mordant, and since the dyestuffs of this 
class are basic in character, the mordant must be 
of an acidic nature. 

Three types of acid mordants are available, 
viz. : .tannin matters, fat acids, and colour acids. 

1 . Tannin mordants. — As mentioned in 
dealing with the mordants, cotton has a natural 


affinity for tannic acid, which it withdraws from 
solution. Since tannic acid forms lakes with the 
basic colouring matters, ootton thus prepared 
may be dyed with basic dyes, but the colours 
produced in this manner are not fast against* 
washing. As previously explained, however, 
if after mordanting with tannin the cotton is 
treated with a salt of antimony, tin, or iron, an 
insoluble metallic tannate is formed on the fibre, 
which compound has the same affinity for basic 
dyes as tannic acid has. The fastness properties 
of the double tannate of colour base and metal 
are much superior to those of tho simpler 
tannatos of the colour bases. 

For the production of pale or bright colours, 
commercial tannic acid, gall nuts, or sumac aro 
the tannins employed. The cotton is saturated 
(‘ padded ’) with a solution of 2 ° to 3 °Tw. 
strength, or steeped for 2 to 3 hours in a solution 
containing 2 to fi p.c t annic acid or 10 to 30 p.c. 
ground gall nuts or sumac ; the amount being 
calculated on the weight of cotton. The yam or 
fabric after squeezing is then at once passed 4 nto 
a ‘ fixing bath ’ containing 1 to 2 , . r > p.c. of tartar 
emetic or an equivalent amount of antimony 
oxalate or fluoride After well washing, the 
cotton is dyed with 01 to 1 p.c. of basic aye. 

Additions of acetic acid to the tannin bath, 
ammonium chloride and chalk to the fixing hath, 
and a little acid to the dye-bath, are frequently 
made. Tho mordanting and fixing baths may 
bo used for several successive lots of material. 

If the brightest possible shades are not re- 
quired, some cheaper tannin matter (myrobolans 
or quebracho) may he employed, and stannie 
chloride may replace tartar emetic as fixing 
agent. For dark shades, ferrous acetate (' black 
iron liquor ’) is used as fixing agent, the blue- 
black tannate of iron producing a composite 4 
colour with the basic dyestuff. 

2 . Fatly mordants.— \ f Turkey -red oil or 
soap is used as mordant, the colour produced 
witn a given basic colour is brighter, but less 
fast, than when tannin mordant is used. 

Tho fat acids are fixed on the cotton as 
metallic Balts, usually aluminium salts ; the 
fibre being first saturated with a solution con- 
taining 1 lb. of sulphated oil or soap per litre, 
then dried and passed into a solution of alu- 
minium acetate (‘ red liquor ’) of about 8°Tw. 

3 . Colour acids a* mordants. — Mention has 
already been made of the fact that the direct 
dyes act as mordants towards the basic dyes, 
compound shades being thus obtained. Mordant, 
sulphide, and acid dyes also possess tho property 
of attracting basic dyes, but these combinations 
are not much employed. 

The dyeing of jute with basic dyes. — Although 
jute is a vegetable fibre, it does not consist of 
free cellulose, but of a bastose-cellulose com- 
pound, corchorobasiosc (Cross and Bevan). The 
dyeing properties of this substance differ 
materially from those of cellulose ; jute, in fact, 
behaving in a very similar manner to tannin- 
mordanted cotton, and dyeing direct with basic 
dyes. * 

• Class VJ.— The sulphide dyes. The dyes of 
this group are numerous and important. They 
are chiefly employed for tho production of fast 
blacks, blues, greens, browns, ajjd yellows on 
cotton and other vegetable fibres. They come 
into the market in the form of powders, which 
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are usually insoluble in water, but soluble in 
solutions of sodium sulphide. They are also 
rendered soluble by other reducing agents, 
e.g. sodium hydrosulphite or glucose in alkaline 
solution. 

The sulphide dyes are commercially known 
under such names as : sulphur, sulphurol, 
thiogene, thionol, thional, thioxine, cross- dye 
immddial, katigen, kryogen, pyrogen, pyrol 
rexoll, eclipse, vidal, or auronal dyes. They are 
produced uy melting together under suitablo 
conditions aromatic nitro-, amino-, or imino- 
compounds with sulphur and sodium sulphide. 
The constitution of the sulphide dyos is not 
known, but the commercial- products are pro- 
bably mixtures of polymem or homologues and 
not homogeneous bodies. They contain free 
sulphur in amount varying from 1 to as much as 
12 p.c. (Gardner and Hodgson, .T. Soc. Chom. 
Ind. 1910, 672), and also contain very variable 
amounts of sodium sulphide and polysulphidns. 

The dyeing of wool with sulphide dyes. — Wool 
is raVely dyed with sulphide dyes, on account of 
the injurious action of sodium sulphide on the 
fibre. The wool may be protected to some 
extent against this action by the addition to tho 
dye-bath of glucose, tannic acid, or ammonium 
salts. A previous treatment of the fibre with 
formaldehyde has also been recommended (Tt. 
Kann, Eng. Pat. 11492, 1903), but this reduces 
the affinity of the wool for these dyestuffs. 

Greater success in the application of sul- 

E hido dyes to wool or union material has 
eon attained by E. Lodge (Eng. Pats. 19852, 
1913 ; and 23386, 1914) by the use of sodium 
hydrosulphite and sodium sulphite as reducing 
agents, and ammonia as solvent for the reduced 
dyestuff (J. Soc. Dyers, 1915, 252). 

The dyeing of silk with sulphide dyes. — Owing 
to the harmful effect of their alkaline solutions 
upon the silk fibre, tho sulphide dyes are not used. 

The, dyeing of cotton with sulphide dyes — 
This group of dyestuffs is now of tho greatest 
importance in cotton dyeing for the production 
of fast blacks, and to a less extent, fast blues, 
greens, browns, &c. The necessary ingredients 
in tho dye- bath, in addition to tho dyestuff, are 
sodium sulphide, sodium sulphate, or other 
neutral salt, and an alkali, usually sodium car- 
bonate. The actual and relative amounts of 
these substances vary considerably with different 
dyestuffs, depending upon the ease with which 
the colouring matter employed undergoes reduc- 
tion and the solubility of the reduced product. 
An addition of Turkey-red oil, monopole oil, or 
glue, tonds to produce more level and lighter 
shades ; glucose aids the reduction. Dyeing 
takes place just below the boil, and it is usually 
desirable to keep the cotton completely im- 
mersed during the operation, m order to prevent 
irregular oxidation. The baths are used in a 
very concentrated condition, with the result 
that only a small proportion of the dyestuff is 
withdrawn, and for reasons of economy 1 standing 
baths ’ are employed, that is, the baths are used 
continuously and replenished with dyestfiff, &c., 
as required. The dyeing takes place m irons 
wooden, or lead-lined wooden vessels ; copper 
being rigidly excluded, on account of tfco ease 
with which itis attacked by sodium sulphide. 

I Some of the sulphide dyes do not require 
any treatment subsequent to dyeing other than 


exposure to air, but with many dyes of the 
group an after-treatment greatly improves their 
fastness to light and other influences. The chief 
object of the after-treatment is to ensure the 
complete oxidation of the colouring matter; 
and, as oxidising agents, chromium salts, or 
hydrogen peroxide are used. Steaming tho 
material in presence of air is employed in the 
case of immedial blue. 

After-treatment with potassium dichromate 
and acetic acid is now usually practised, Bince 
tho uso of copper salts has proved to be dangerous 
m regard to the subsequent tendering of the 
fibre on account of their catalytic action in in- 
ducing acid formation (Gardner and Hodgson, 
J. Soc Ghem. Ind. 1910, 676). 

Tho tendering of cotton dyed with Bulphidc 
blacks has greatly retarded the use of these dye- 
stuffs. The defect does not ushally develop for 
some weeks or months after the material has 
been dyed, and it has been shown to be due to 
tho slow formation of sulphuric acid on the 
fibre. The development of acid arises mainly 
from the oxidation of free sulphur present on 
the dyed fibre, but even in the absence of free 
sulphur, acid development may take place by 
decomposition and oxidation of the colour 
molecule. 

The risk of tendering, during storage, of 
cotton dyed with sulphide blacks is entirely 
eliminated by a final treatment of the material, 
before drying, with sodium acetate ; but, of 
course, the protective influence of this salt 
disappears if the material is washed. 

Glass VT1 —The vat dyes. Until com- 
paratively recently, indigo was the sole repre- 
sentative of this group of dyestuffs. The 
synthetic production of indigo was, however, 
followed by that of a number of derivatives of 
this body. Other scries of vat dyes have also 
been produced, and by their use it is now possible 
to produce on cotton, and in a .more limited 
degreo on wool, many bright colours of a degree 
of fastnesB hitherto unattainable. 

The essential features of a vat dye are its 
easy reduction to a form soluble in dilute alkali, 
its at traction in this condition by the fibre, and 
its ready reoxidation on tho fibre to the original 
insoluble condition. The reduced solution is 
termed tho ' vat,’ the composition of the vats 
differing for wool and for cotton. 

The vat dyes are mainly derivatives of in- 
digotin or anthracene. They include thd follow- 
ing : indigo (indigotin) ; mono-, di-, tri-, and 
tetra-halogcn derivatives of indigotin ; methyl 
and tolyl indigotins ; ciba dyes (brom indigotins) ; 
thioindigo red anjl scarlet ; helindone dyes (sul- 
phur derivatives) ; algolo dyes ; cibanono dyes, 
and the indanthreno dyes. The group includes 
dyes of all hues. 

Indigo is the oldest and by far tho most im- 
portant of the vat dyes. It has been employed 
m India for at least 3500 years, by methods not 
differing essentially from some of those which 
are still employed. It is used upon all fibres, 
but least commonly upon silk. 

Various reducing agents are employed for 
the conversion of the insoluble indigo blue into 
indigo white, and they are always associated 
with an alkali to dissolve the latter substance. 
After saturating the fibre with the alkaline 
solution, the indigo white is reconverted into 
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indigo blue upon the fibre by atmospherio 
oxidation. 

The dyeing of wool with indigo vat blue . — 
The two chief indfgo vats used for wool are the 
fermentation vat and the hydrosulphite vat, 
the former being chiefly used for dark Bhades on 
woollen cloth (Army and Navy cloth, <fec.), and 
the latter for light colours on stubbing, yam, &c. 
There are several forms of fermentation vat, of 
which the woad'vat is the most important in 
this country. The precise composition and 
‘ setting * of tho vat iR largely a matter of 
experience, the ingredients being somewhat as 
follows : finely ground indigo, 12 to 18 IbR. ; 
wqad, 300 lbs. ; bran, 10 lbs. ; madder, 12 to 
18 lbs. ; lime, 12 lbs. ; water, 600 gallons. 
After warming the liquor, various fermentations 
set in, the essential bacterium being the Desmo- 
bacterium hydrogem ferum. The starchy matters 
present are first converted into glucose, which 
then splits up into lactic acid, the latter under- 
going butyric fermentation with evolution of 
hydrogeft. 

Excessive fermentation is prevented by 
making suitable additions of lime, or it ir accele- 
rated, if necessary, by adding further quantities 
of bran. 

In the so-called German or soda vat and the 
Indian or potash vat, the woad is replaced by 
bran with the addition of molasses, and the lime 
by sodium or potassium carbonate 

To avoid tho derangements to which all 
fermentation vats are liable', Gollin and Benoist 
(J. iSoc. Chom. Ind. 1885, 463) proposed to 
employ a pure ferment and a completely 
fermentable food material ; but this process 
has not come mto practical use. 

Natural indigo is still largely used in the 
fermentation vats, but in the hydroaulphito vat 
the synthetic product is generally employed. 
The hydrosulphito vat may be prepared as 
follows : synthetic indigo (20 p c. paste), 10 
lbs. ; caustic soda solution 42°Tw., 3 pints ; 
sodium hydrosulphite solution 20°Tw., 71 gallons; 
water, 50 gallons. The liquid is heated to 50° 
until it becomes clear greenish-yellow The 
solution of indigo white thus obtained is diluted 
to 250 gallons with water at 50°, to which a little 
hydrosulphite Iqis been previously added. 

The hydrosulphite solution may be replaced 
by 3 lbs. of solid sodium hydrosulphite, in which 
case the amount of caustic soda, must bo in- 
creased. lbs. of natural indigo (60 p.c. 
indigotin) are about equivalent to 10 lbs. of 
synthetic indigo (20 p.c. paste). After working 
in the vat, the goods aro well squeezed, and then 
exposed to the atmosphere to oxidise the indigo 
white ; they are then well washed. 

Dark shades of indigo blue on wool are 
usually ‘ bottomed,’ with a red dye (alizarin^ 
diamine fast red, or barwood) before vatting, 
and are frequently ‘ topped ’ after vatting with 
orchil or other dyestuff in order to add ‘ bloom ’ 
to the colour. 

In most respects indigo vat bluo is an 
extremely fast colour, but has tho defect of 
being liable to ‘ rub off.’ 1 

The dyeing of silk with vat indigo. — This dye 
is not much employed on silk. If used, the 
most suitable vat to employ is the hydrosulphite 
vat set with synthetio indigo. 

The dyeing of cotton with vat indigo.— The 


hydrosulphite vat is largely employee! in oottem 
dyeing as well as in the dyeing of wool, but it is 
used oold in tho case of cotton. Other ootton 
vats are the ‘ copperas vat ’ and the ‘ zinc- 
powder ’ vat. 

A strong copperas vat contains, indigo (60 
p.c.), 10 lbs. ; ferrous sulphate, 30 lbs. ; and 
quicklime 35 lbs., in about 200 gallons of water. 
The lime decomposes the ferrous sulphate, with 
the production of ferrous hydroxide, and this in 
the presence of lime and indigo decomposes 
wator, yielding ferric hydroxide and hydrogen ; 
the latter at once combines with the indigotin 
and -produces mdigo white, which dissolves by 
reason of the excess of lime present. The nor- 
mal colour of tho vat liquor thus obtained is 
brownish-amber. 

The zinc-powder vat is mado up with water, 
indigo, zinc-powder, and lime. In the presence 
of the lime and indigo, the zinc decomposes 
water even at tho ordinary temperature, and 
the liberated hydrogen effects the reduction of 
the indigo. • 

Vat dyes other than indigo. — These may be 
dividod into two groups : (a) the indigoids, 

which may bo considered as derivatives of indigo- 
tin ; and (b) the anthracene derivatives. They 
all possess tho common property of forming vats 
when treated with hyarosulphite of soda, but 
whereas the indigoids may do applied to the 
animal as well as to the vegetable fibres, the 
anthracene derivatives aro only suitable for 
cotton on account of the largo amount of 
caustic alkali required for their Bolution. The 
reduced anthracono vat dyos also do not appear 
to possess much affinity for wool. 

(a) Indigoids. — Examplos of dyes of this 
series are : thioindigo rod and scarlet ; hclindone 
red and scarlet ; ciba red and searlot ; vat red ; 
holindone orange and yellow ; ciba green ; brom 
indigos ; ciba blues and greys ; ciba violets and 
heliotropos ; helmdone brown. Some of the 
algolo reds also probably belong to this group. 

(b) Anthracene vat dyes . — Indanthrene red ; 
algole rods ; indanthrene yellows and oranges ; 
algolo yellows and oranges ; nbanone yellows 
and oranges ; indanthrene greens ; algole greens ; 
indanthrene, ehloranthrehe, duranthrone and 
caledon blues ; algole blues ; indanthrene grey ; 
indanthrene browns; algolo browns ; ^cibanone 
browns. 

The application of the indigoid vat dyes to 
wool and silk — VatB suitable for the dyeing of 
wool and silk are obtained by reduction with 
sodiym hydrosulphite in alkaline (caustic Boda) 
solution. Bright reds of excellent fastness are # 
obtained with these dyos, and they are used in 
conjunction with indigo for producing bright 
purplish blues. Separate vats are preferable for 
the indigo blue and the red dye, since the best 
conditions of dyeing do not coincide in the two 
cases. 

The application of indigoid vat dyes to cotton. 
— Vegetable fibres are readily dyed with these 
dyes Jrom a hydrosulphite vat, or alternatively 
they may bo dyed from a sodium sulphide bath, 
as used for the sulphide dyestuffs. They may 
be mixed with most sulphide dyes and dyed 
from*the sairfc vat. 

The application of the anthreyme vat dyes . — 
This group of dyes ys also applied in the hydro- 
sulphite vat, but usually requires suoh a strongly 
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oaustio solution that its application to wool and 
silk is not practicable. 

By use of the vat dyes, it is now possible to 
produce a groat variety of colours on cotton which 
are extremely fast to light, washing, bleaching, 
and other influences. The high cost of these 
dyes at present somewhat limits their application. 

Indophenol is a vat dye of different type, 
being obtained by the action of nitroso-dimethyl 
aniline on a-naphthol. On roduction, it is 
converted into mdophenol white,, a body suffi- 
ciently stable to be sold commercially. On 
oxidation with chromic acid, indophenol white 
is reconverted into indophenol blue. • 

Indophonol has been employed in conjunction 
with, or as a substitute for indigo, but has the 
defect of being readily affected by acids. 

Tyrian purple.. — As the result of an extremely 
interesting investigation, I*. Fried lender has 
shown (Ber. 1909, 765) that this ancient 
dyestuff iB identical with one of the dibrom- 
indigotins. Tyrian purple, as described by 
Pliny, was obtained from various species of the 
mollusc murejr , and from 12,000 of the species 
M. brandaris Frieldander obtained 1*4 grams 
of the colouring matter. 

Under the law of the ancient Romans, the 
use of Tyrian purple was confined to royalty, 
and the method of its production was a lost art 
for many centimes. At the beginning of the 
18th century, it was investigated by Reaumur 
(Mem. de l’Acad. Royale des Sciences, 1711), but 
it never again assumed any importance as a 
dye-stuff. 

Glass VIII— The Ingrain dyes. The term 
ingrain dye may be used to designate those 
colouring matters other than mordant dyes 
which are produced from their constituent 
bodies upon the fibre. Three sub-groups may be 
distinguished : (a) aniline black ; (b) the insoluble 
azo - dyes ; and (e) the. metallic dyes. 

(a) Aniline black. — This term is applied to 
the insoluble black pigment which is produced 
by the oxidation of aniline in acid solution. In 
1834 Runge noticed that a blue-black compound 
was produced by oxidising aniline with chromic 
acid, but Wilm, in 1800, first described the for- 
mation of the product on the cotton fibre. The 
first successful process for producing aniline 
black on the fibre was patented by Lightfoot, 
in 1863. He used potassium chlorate and 
cuprio chloride as oxidising agents, and the 
black proved to be of such excellent fastness that 
innumerable modifications of the process have 
since been proposed, and the literature qf the 
.subject is very extensive. 

Numerous oxidising agents have been em- 
ployed in the production of aniline black, e.g. 
chlorates, chromates, salts of copper, vanadium, 
tungsten, cerium, &e. Aniline black may also 
be produced by electrolytic (Goppelsroder, 
Jahresber. 1876, 702) or by atmospheric (Green, 
J. Soc. Dyers, 1908, 231) oxidation. 

Pure aniline on oxidation yields a blue-*black, 
the homologues and allied compounds .giving 
somewhat different shades ; e.g. orthotoluidme 
produces a brownish-black, paraphenylene 1 
diamine a deep black, and para-aminodiphenyl- 
amine (diphenyl base) a greenish black.* The 
oxidation of ^-naphthylamine on the fibre 
results in the formation of ^laphthylamine violet, 
but this oolour is not of much importance. 


The composition of aniline black has been 
the subjeot of much investigation (see Arm&nd 
Muller, Chem. Zentr. 1871, 288 ; Goppelsroder, 
Jahresber. 1876, 702 ; Nietski, Ber. 1878, 1094 ; 
Caro. Verhandt. d. Ges. Deutscher Naturforchen 
u. Arzte, 1896, 119 ; Wills tatter and Moore, Ber. 
1907, 2665 ; Mareden, J. Soo. Dyere, 1908, 9 ; 
Willstatter and Moore, Ber. 1909, 4118 ; Green 
and Woodhead, Chem. Soc. Trans. 1910, 223). 

Three chief and successive' products of the 
oxidation of aniline may be distinguished— 
emeraldine, nigraniline, and ungremable black. 

Emeraldine is produced by the limited 
oxidation of aniline, several residues linking up 
to form a chain of 4 molecules (Willstatter ana 
Moore) or a chain or ring of 8 molecules (A. G. 
Green). The aniline residues are in all probability 
linked by nitrogen atoms in para- position, since 
para- compounds only have been obtained on 
oxidation or reduction. 

Emeraldine is a greyish -green body which is 
always formed during the early stages of the 
production of aniline black. By the Action of 
oxidising agents, it is converted into nigraniline 
and by the action of reducing agents it forms 
first proto emeraldine by addition of two atoms, 
and then leuco-emeraldino by addition of four 
atoms of hydrogen (Green, Chem. Soc. Trans 
1910, 223). More powerful reducing agents split 
the molecule and produce amino- and para 
diamino-compounds or qmnone. 

Nigraniline, the second oxidation product 
of aniline, appears to contain eight aniline 
residues, and is said to be produced either by 
removal of two hydrogen atoms from the 
emeraldine molecule (Green) or by polymerisation 
with loss of hydrogen (Willstatter and Moore). 

Nigraniline or aniline black is a violet-black 
body which ih unaffected by alkalis, but which 
is turned green by mild reducing agents (sul- 
phurous acid), owing to its reconversion into 
emeraldine. Dilute mineral acid also brings 
about indirectly the production of emeraldine 
from nigraniline. Oxidation of a portion of the 
latter substance probably takes place at the 
expense of the reduction of other molecules, 
since both quinone and emeraldine are formed 
in the reaction. 

Vngreenable black, the final product in the 
[ technical formation of aniline black, is produced 
l by the further oxidation of nigraniline in 
| presence of aniline. It is a very stable body, 
and is not readily attacked by acids, alkalis, 
oxidising or reducing 'agents. Powerful oxidis- 
ing agents, howevor, convert it almost quanti- 
tatively into quinone, and powerful reducing 
agents into a brown leuco- compound which is 
reoxidised to the original black on exposure to 
air. The piesence of free aniline is essential to 
the production of ungreepable black, whioh 
suggests that it is a condensation product of 
emeraldine and aniline. 

Technical production of aniline Hack . — Of 
the large number of modifications of Lightfoot’s 
original process which havo been suggested, very 
few have withstood the test of practical ex- 
perience. The following technical methods 
may be distinguished: (1) dyed blacks ; (2) 

aged blacks ; (3) steam blacks. 

(1) Dyed blacks, also known as one-bath blacks, 
are used for the dyeing of ootton yarn, which 
is often previously dyed in a sulphide black 





m 


vat. The Ingredients need we (e.jfc) aniline (12 
lbs.), hydrochloric acid (18 lbs.), sulphuric acid 
(24 lbs.), and sodium dichromate (24 lbs.), in 40 
gallons of water. The use of hydrochloric acid 
alone produces a bluish-black, and sulphuric 
acid atone a reddish- black, the mixed acids 
yielding a jet black. 

The yarn is worked in the solution whilst 
slowly heating to the boiling-point, and the 
bronzy black thus produced is steamed to con- 
vert it into a good black which is ungreenable. 
This process does not tender the cotton. Many 
modifications of the process are used. 

(2) Aged blacks are obtained by padding (satu- 
rating) the cotton with a solution containing 
aniline salt, somo oxidising agent (sodium chlo- 
rate) and an oxygen carrier (copper sulphate, or 
vanadium chloride), after which the fabric is 
dried and ‘ aged ’ ; the colour being developed by 
passing through an ageing chamber in which a 
moist atmosphere and a temperature of about, 
45° are maintained. The padded cotton has a 
green colour (emeraldme) which turns black 
(nigramline) during ageing. The final change to 
ungreenable black is brought about, by working 
the fabric in a solution of sodium dichromate. 

Copper aged blacks are very largely produced 
on cotton piece goods by a process which differs 
only in detail from Lightfoot’s original process. 

Vanadium blacks are chiefly used in calico 
printing. Lightfoot (Bull. Hoc. lnd. do Mul- 
iiouse, 1871, 285) first noticed the special 
efficiency of vanadium salts as oxygen earners 
in the production of aniline black, and Witz 
(Bull. Soc. lnd. do Rouen, 1870, 310) showed 
that 1 part of vanadium chloride was sufficient 
to convert 40,000 parts aniline into aniline black. 

The production of aged blacks is liable to 
tender tile cotton unless the process is very 
carefully controlled. 

Air oxidation black. — A. G. Green (J. Soc. 
Byers, 1909, 191) has introduced an aniline 
black process in which atmospheric oxygen is 
the oxidising agent ; some carrier such as 
cuprous chloride being present. The mineral 
acid usually employed is also replaced by formic 
acid, and by these modifications the liability to 
tendering of the fibre is greatly reduced. 

The process lg based on the fact that aniline 
oxidises much more rapidly in prosence of a 
small quantity of a paracnamine or a para-aiuino- 


AfteY padding, the goods are dried, aged, and 
ohromed as in the case of the ordinary aged Jblack. 

(3) Steam blacks are more costly than aged 
blacks, but safer as regards tendering of the 
fibre. They are produced by padding with an 
aniline solution which contains sodium chlorate 
as oxidising agent, and sodium ferrocyanidc as 
oxygen carrier. After padding, the goods are 
dried, steamed, and chromed. Lightfoot’s origi- 
nal steam black only differed from this in that it 
contained potassium ferricyanide in place of tho 
less expensive sodium chlorate and ferrocyanide. 

Aniline black, when successfully dyed on 
cotton, is the fastest and most intense black 
which it is possible to produce. Its chief draw- 
backs are the tendenoy to turn green and the 
liability to tendering of the fibre, unless great 
experience and close supervision are exercised. 

Application of aniline black to wool and silk. 
— The animaJ fibres are rarely dyed aniline black. 


! The black may be produced on silk try the same 
methods as on cotton, but the process is chiefly 
confined to the silk-cotton union material used 
as umbrella cloth. 

Aniline black does not readily develop on 
wool, but if the wool is previously chlorinated 
(Lightfoot) or boiled with a mineral acid (Beth- 
mann, Eng. Pat. 21230, 1901); the aged black 
may be produced. It is rarely met with. 

(6) The insoluble azo- dyes. — The sulplionated 
azo- dyes which are so largely used in the dyeing 
of wool and silk have little or no affinity for 
cotton. Azo- compounds, however, may bo 
produced on cotton by impregnating the fibre 
with one of the constituents, and then passing 
it into a solution of the necessary combining 
body. Tho non-sulphonated compounds are 
used in this process, and the insoluble dyes thus 
obtained arc, m many cases, useful colours. 

The constituent parts of an azo- dye are (a) 
a phenol or amine, and (6) a diazotised base ; 
and the process (introduced by Holliday, in 1880) 
consists in saturating the cotton with an alk&line 
solution of a phenol, drying, and then developing 
in a solution of the diazotised base. 

In calico printing (rarely in dyeing) the 
fibre may be impregnated with a paste con- 
taining the whole of the colour ingreaients, and 
the colour developed by steaming. 

Substances employed in (he process : Phenols. 
—The only phenols practically employed in the 
padding operation are /9-naphthol and /3-oxy- 
naphthoic acid anilid (naphthol AS). Amines 
are not used. 

Aromatic bases. — The following list gives the 
prmcipal bases employed and the colours they 
produce when combined with 0- naphthol : — 

Colour produced with 
p -naphthol 
Orange yellow 
Red (with copper, brown) 
Yellow orange 
Orange 
Red 

Bluish -scarlet 
Scarlet 

Blue shade of claret red 
Crimson 
Purplish-brown 
Reddish- brown 
Blue (with copper) 

Black 

Padding or grounding. — The intensity of the 
ultimate colour depends entirely upon the con- 
centration of the padding solution, which, for a 
shade of medium strength may contain, per 
litre, 25 grams /3-naphthol, 45 grams sodium 
hydroxide solution 36°Tw., and 75 grams 
Turkey-red oil. Cotton is evenly saturated in 
the cold with this solution, then dried at a low 
temperature and developed. 

The developing process. — The most important 
dye produced by this process is paranitraniline 
. red, wljich is dyed on a very large scale and used 
as a substitute for Turkey-red. The diozo- 
%olution is prepared as follows ; stir to a paste 
10 lbs. paranitraniline with 2 gallons water; 
then ada 2 gillons hydrochloric acid (36°Tw.) 
and 0 gallons water. After mixing well, add 
6£ lbs. sodium nitrite dissolved in 2 gallons 
water. Dilute to 200 gallons, and add sodium 


Base 

Aniline 

Paranitrainlmo 

Paratoluidino 

Nitroparatoluidmc 

Xylicnno 

Cumidme 

Phenetidine 

a-Naphthylani me 

Aminoazobcnzene 

Benzidine 

Tolidme 

Dianisidine 

Azo-black base 
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acetate to neutralise the excess of hydrochloric 
aoid. The colour is produoed instantaneously 
on passing the padded cotton into this solution, 
the cotton being subsequently washed, dried, 
and Boaped. 

Various stable forms of the diazotised base 
appear under the names azophor red, nitrazol, 
and nitrosamine red. 

Azo-oranges, yellows, crimsons, claret-reds, 
<fec., are obtained m a similar manner by the 
use of the various bases given in the above table. 

Azo-browns are produced by adding an 
alkaline solution of copper to the /3-naphthol 
prepare, and developing with paramtranilino 
or 0-naphthylamine. 

Azo- blues are obtained by padding with 
/3-naphthol, developing with diamsidme, and 
subsequently treating with cupnc chloride and 
ohromic acid. 

(c) The metallic dyes : Iron IniJJ mid Nankin 
yellow . — Theso two colours, which differ only in 
depth of shade, are produced by precipitating 
hydSated ferric oxide on the fibre. 'I’ney arc 
dyed chiefly on cotton, and produce yellow to 
light-brown colours which are fast to light, 
washing, or alkalis, but are readily attacked by 
acids. The cotton is padded in a solution of a 
ferrous or ferric salt, and then passed into an 
alkaline solution. If the cotton is previously 
mordanted with tannin, more even shades are 
produced, tho black tannate of iron being subse- | 
quent-ly destroyed by a treatment with sodium 
leroxide (Knecht) or other oxidising agent, 
ron buff is only produced on wool or silk as an 
intermediate product in dyeing Prussian blue. 

Manganese btortze . — Tins colour is produced 
on cotton by precipitating manganous hydroxide 
on the fibre, and oxidismg tins to the brown 
manganic peroxide. 

Chrome yellow is produced on cotton by 
impregnating with a solution of lead acetate, 
drying, and passing into a solution of potassium 
dichromate. 

Chrome orange — This compound is a mixture 
of normal lead chromate (chrome yellow) and 
basic chromato. It is obtained by treating 
cotton dyed chrome yellow with lime water. 

Prussian blur is produced on cotton by first, 
dyeing an iron buff, and then passing into an acid 
solution of potassium fcrrocyamde. This colour 
is extremely fast to light, but is sensitive to 
alkalis. It is produced on silk in a similar 
manner as a constituent in dyeing that fibre 
blaok. Prussian blue is little used on wool, but 
is readily produced either by a process analogous 
to the above, or by making use of the fact that 
when heated in acid solution with wool, the prus- 
aiates undorgo decomposition with formation of 
Prussian blue. 

Colo umno Matters used in Dyeing. 
Natural dyestuffs : Indigo . — There are two 
distinct methods of applying indigo in dyeing, 
and the most important, the vat method, has 
already been described («. Vat dyes, p. C8(»). 
Indig o may also be used as an acid dyestuff by 
converting it into the disulphonic acid. This 
sulphonio acid is known as indigo carmine or 
indigo extract. It dyes a brighter blue shade 
than vat indigo, but it is much less fast to light 
and washing. It is largely used on wool and Bilk , 
but is inapplicable to cotton. 


Logwood is a mordant dyestuff and is used 
for all fibres. On wool it is largely employed 
for producing blacks, and in conjunction with 
other dyestuffs for brownB, olives, greys, &c. 

Potassium or sodium dichromate is the usual 
mordant, but a single- bath logwood black may 
be produced by using a mixture of logwood, fer- 
rous sulphate, and oxalic acid. Logwood is now 
chiofly employed in the form of unoxidised (for 
cotton) or oxidised (for wool) extract. On silk 
and cotton, logwood is only used for black dyeing. 

Brazilwood, pcachwood, and Limawood con- 
stitute the class of soluble red woods. They are 
now very httlo employed, the colours they 
produce being fugitive to hght. They produce 
reds with aluminium, reddish-browns with 
chromium, and purples with iron mordants. 

Camwood, barwood, and sandenwood are 
known as the insoluble red woods. If wool is 
boiled with the ground wood, it acquires a 
reddish-brown colour, which is still employed as 
a ‘ bottom ’ for indigo vat blue. They are, 
however, mordant dyestuffs, producing 1 brownish 
reds with chrome mordant. 

Madder. — This dyestuff, once of great im- 
portance, has now been almost entirely super- 
seded by synthetic alizarin. It is still usea to 
a limited extent in the dyeing of wool felt, 
since it penetrates through the material more 
readily than alizarin. With chromium mordant 
it gives a reddish-brown ; with aluminium a red, 
and with iron a purple shade. The use of 
madder m the woad vat ha^ already been re- 
ferred to (v Vat dyes). This dyeBtuff is not now 
used on cotton or silk. 

Cochineal. — The use of this valuable dyestuff 
m dyeing is now confined to the production of 
scarlet shades on woollen cloth, for which 
purpose considerable q uantities are stdl imported. 
Stannous chloride is the mordant employed, and 
tho colour is produced bv the one-bath method. 
'The aluminium and tin lakes are used as pig- 
ments in painting and printing. 

Lac-dye may be employed in the same way 
as cochineal, and gives similar shades. Since the 
commercial product contains a considerable 
amount of mineral matter, the ground dyestuff 
is treated with dilute hydrochloric acid before use. 

Cudbear and orchil (or archil). — These pro- 
ducts arc essentially the same dyestuff, the 
former in the solid and tho latter in the con- 
dition of paste. It is one of the few natural 
colouring matters which dye wool without a 
mordant. Wool and silk may be dyed in a 
neutral, slightly acid, or slightly alkaline, solu- 
tion. It produces full, rich crimsons, and is still 
used to a considerable extent. The colouring 
matter is not applicable to cotton. 

Safflower was formerly much used in dyeing 
bright pinks upon cotton, but js now obsolete as 
a dyestuff. 

Annaito produces orange shades on silk 
without a mordant ; it is applied in a hot soap- 
bath. Annatto is still used in colouring cheese 
and butter. 

Weld. — This mordant dyestuff produces 
pure yellows in conjunction with aluminium 
mordant. When used as a ‘ topping ’ for 
indigo vat blue, a special shade of green, known 
as ‘ carriage green,’ is obtained, 

Fustic is the most important of the natural 
yellow dyewoods, and is still employed in 
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conjunction with ohrome mordant on wool as the 
yellow constituent in compound browns, olives, 
greys, &o. It is chiefly used in the form of 
fustic extract. 

Osage orange, is closely allied to fustic. Its 
utilisation as a dyestuff is only of recent date 
and is confined to America. 

Quercitron bark and flavin are also natural 
yellow mordant dyes, producing somewhat 
brighter shades than fustic, but are now obsolete. 

Persian berries. — This mordant dyestuff is 
employed by the calico printer for producing 
bright orange shades with tin mordant. 

Turmeric is the only representative of the 
natural colouring matters which acts as a direct 
dye towards cotton, silk, and wool. It pro- 
duces yellow shades, which aro brighter if dyed 
in a bath acidified with alum. 

Catechu, cutch, and gambler . — These dyestuffs 
are still largely employed in cotton dyeing. The 
cotton is stoeped in a strong solution of the dyo, 
and attracts the colouring matter. The cotton 
is then fiasse 1 into a boiling solution of potas- 
sium dichromate, which, by oxidation, pro- 
duces insoluble brown japonic acid upon the 
fibre. A little copper sulphate is frequently 
added to the catechu bath, whereby fuller and 
faster shades are produced. 

Silk is dyed in a similar manner for the pro- 
duction of weighted blacks, the chromium, fixed 
during the oxidising process, subsequently 
acting as a mordant for logwood. 

Other natural •dyestuff *. — Colouring matters 
aro very widely distributed in the vegetable 
kingdom, and all countries where the textile 
arts have attained any great development 
(notably India, Persia, and Japan) had until 
recently each its own series of indigenous 
products which wore used as dyestuffs. Tn 
Donegal, Sutherland, and other localities, the 
homespun tweeds, &c , are still largely dyed by 
means of the various lichens, roots, barks, nuts, 
&c., found in the neighbourhood. 

Synthetic dyestuffs. The numbor of in- 
dividual synethetic dyestuffs now at the dyer’s 
disposal is very large, and includes dyes yielding 
all possible hues. There is infinite variety in the 
characteristics of the various artificial dyes, and 
in most oases it is not difficult to match a given 
shade or to comply with given conditions as 
regards properties. Being, therefore, more con- 
venient to use, and in very many cases cheaper 
•and faster than the natural dyestuffs, the latter 


have been largely superseded. 

The dyeing properties and the characteristics 
of the dyed colours depend chiefly upon the 
chemical groups to which the dyes belong, but, 
as indicated in the section dealing with the 
classification of dyes, the chemical groups do 
not coincide with groups based on the method 
of application {v. Classification of colouring 
matters, p. 576). 

(1)* Nitroso colouring makers. — This class in- 
cludes fast-green or dark-green and naphthol- 
green. In conjunction with iron mordants, 
both these dyestuffs give olive-green colours re- 
markable for their fastness to fight. 

Cotton is dyed with dark-green by mordant- 
ing with iron, and dyeing in a neutral bath. 
Wool is mordanted with ferrous sulphate and 


oxalic aoid, and dyed in a neutral bath. Silk is 
dyed in a similar manner. 


Naphthol green which contains* iron as -a 
constituent is only applicable to the animal 
fibres. Wool is dyed with the addition of 
suiphurio aoid. 

(2) Nitro-colouring matters. — The most im- 
portant members of this class are : picric acid, 
Victoria orange, aurantia, palatine orange, 
naphthaline yellow, naphthol yellow. These 
colouring matters are only applicable to the 
ammal fibres, which are dyed in a bath slightly 
acidified with sulphuric acid. The colours they 
yield arc not fast to light. Picric acid yellow is 
remarkable for its extreme freedom from any 
trace of orange. On exposure to light it rapidly 
becomes brownish, owing to reduction of the 
nitro groups. 

(3) The, azo- group. — These may be divided 
into monazo, disazo, tmazo, and tetrakis azo- 
dyes, according to the number of azo- groups 
they contain. They may bo further classified 
into aminoazo- (NH 2 ) and oxyazo- (OH) dyes, 
and into other subdivisions based upon the 
state of combination of the azo- group. few 
of the azo- colours aro basic dyes ; a large 
number of the acid dyes, and acid-mordant dyeB, 
belong to this group, and practically the whole 
of the direct dyes. The azo- dyes vary greatly 
in their degree of fastness to light, and in other 
properties. 

(I) The di- and tn-phen ylmethane group . — 
This group includes most of the basic dyes, such 
as auramine, magenta, methyl violot, malachite 
green, &c\ These bodies, when sulphonated, 
form acid dyes, and therefore such dyestuffs as 
aeid magenta, guinea green, &c., and also 
patent blue, Victoria blue, fall under this group. 
As a class, these dyestuffs arc fugitive to fight. 

(5) The oxykelone group.— This group includes 
most of the artificial mordant dyes ; e.g. the 
alizarin reds, yellows, blues, browns, &c. 
Most of the dyestuffs of this group are ex- 
tremely fast to iight and other influences, which 
renders them of the greatest importance. 

(0) The pyromne group. — This includes (1) the 
pvromnes proper, a small class of basic dyes, of 
which pyromne rod is an example ; (2) the much 
more important group of the phthaleins. The 
latter includes both basic and acid rhodamines, 
the oosins and the mordant dyestuffs gallein 
and ccerulein. 

(7) The acridine group. — This includes a few 
basic dyestuffs of which the chief is acridine 
orange. 

(8 and 9) Tlu> oxazine a,nd thiazine group, — 
This^roup also includes both acid (thiocarmine), 
basic (methylene blue), and mordant dyee^ 
(gallocyamn). 

(10) The azine group includes the valuable 
basic dyes the safranines, and the basic and 
acid indulines and nigrosinee. 

The dyeing of mixed fabrics of cotton and 
wool may be carried out by selecting those 
colouring matters for which both fibres nave an 
attraction, e.g. the benzidine dyes, &c. f or 
by first dyeing the wool in the usual manner 
with Sn acid colouring matter, then mordanting 
the cotton with tannic acid and tartar emetio 
or stannic chloride, and dyeing in the cold with 
a ba^e colou*ng matter. The so-called 4 orose- 
dyeing ’ process is oarried out by first dyeing 
tne cotton (usually with Bulpnide or other 
‘fast ’ dyes) in warp form, then weaving with a 
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wool weft" and dyeing the latter by means of 
aoid dyee. Logwood blacks on union are dyed 
by first mordanting the cotton in the cold with 
myrobolans and mtrate of iron, then the wool 
with a boiling solution of potassium dichWinato, 
and finally dyeing both fibres thus mordanted in 
a hot decoction of logwood. Mixtures of cotton 
and silk are dyed by methods similar to those 
employed for cotton and wool. Fabrics of wool 
ana suk are dyed by methods similar to those 
usual for wool or silk alone. 

When dyoing compound shades, the main 
principle to be observed is to apply simul- 
taneously only such colouring matters as are 
applicable, when used singly, by methods as 
similar as possible to each other. Basie and 
acid colouring matters ought not to be applied 
together in the same dye-bath, since the one 
requires a neutral, the other an aenl, bath in 
oraer to yield their full colouring power. Basic 
colouring matters, however, may be quite well 
applied to mordanted cloth along with phenolic 
colouring matters, since both these classes 
usually dye in a neutral bath. 

It is very irrational to produce compound 
shades by the application oi a mixture of fast 
and f ugitivo colours ; the best results are obtained 
by employing colouring matters of about equal 
fastness to various influences. If this rule is not 
observed, the dyed colour is liable to change 
materially in shade under those influences to 
which it is subsequently submitted, c.g. light, 
washing, &c. 

For further information on the subject of 
dyeing, the following works may be consulted : — 

1813. The Philosophy of Permanent Colours 

E. Bancroft. 

1835-18(11. Rechorches ehimique sur la 
Teinture. E. Ohevreul. 

1869. Dictionary of Dyeing and Calico- 

printing. C. O’Neill. 

1874. A Practical Handbook of Dyeing and 
Calico-printing. W. Crookes. 

1870. Dyeing and Calico-printing. 

F. C. Calvert. 

1885. The Dyeing of Textile Fabrics. 

J. J. Hummel. 

1893. La Pratique du Teinturicr. Vol. 1, 
1893 ; Vol. 2, 1894 ; Vol. 3, 1897. 
J. Garyon. 

1901. Dictionary of Dyes, Mordants, and 
other (Compounds used in Dyeing 
and Calico-printing. C. Rawson, 
W. M. Gardner, and W. F. Laycock. 

1903. Theorie und Praxis der Modernen 
Farberei. A. Ganswindt. * 

1904 et sea. Systematic Survey of the Organic 
Colouring Matters. G. Schultz and 
P. Julius, transl. by A. G. Green. 

1907. Farbereichem. Untersuchungen Anlei- 
tung zur Unters unhung und Bewer- 
tung der wichtigsten Farberei, Blei- 
cherei, Druckerei, und Appretur- 
Materialien. 2nd edit. P. Heermann. 

Etude sur lea Industries du Blanchi- 
ment, de la Teinture, de lTmpression. 
0. Picquet. 

1910. A Manual of Dyeing. 2nd edit. 

E. Knecht, C. Rawson, aqd R. 
Lqwenthal. 

Identification of |he Commercial Dye- 
stuffs. Mulliken. 


J912. Bleaching and Dyeing of Vegetable 
Fibrous Materials. J, Hiibner. 

Farbestofftabellen. G. Schultz. 

Mercerisation und Appretur. P. Gard- 
ner. 

L’lndustrie des Matures Colorantee 
Organiques. A. Wahl. 

1913. Synthetic Dyestuffs and Intermediate 
Products from which they are 
derived. 2nd edit. J. C. Cam and 
J. F. Thorpe. 

1915. The British Coal-tar Colour Industry. 
W. M. Gardner. 

The Analysis of Dyestuffs. 

A. G. Green. W. M. G. 

DYESTUFFS, IDENTIFICATION OF, ON 
FABRICS. The recognition of the particular 
dyestuff which has been employed in dyeing a 
fabric is frequently a matter of considerable 
difficulty. If one dyestuff only has been used, 
it may be possible to ldontify it with little 
trouble, but when, os is often the case, two or 
more dyes have been employed to produce a 
given colour, their separation and recognition 
may bo a very complex problem. 

In the identification of dyestuffs, the ordinary 
basis of qualitative analysis is as far as possible 
made use of, i.e. the group to winch the colouring 
matter belongs is first determined, and then 
tests are applied to identify it as an individual 
substanee. Thorn are, however, such a* large 
number of closely related compounds amongst 
the dyestuffs, many being isomeric, and differing 
only (eg.) m the position of a sulpho- group, 
that with the small amount of substance fre- 
quently at disposal it is quite impossible to 
definitely ldontify a specific commercial pro- 
duct This is, however, of minor importance. 

The recognition of a dyestuff is much 
facilitated by a knowledge of the dyeing proper- 
tit's of tho various groups of colouring matters. 
In a given easo this may greatly limit tho 
possibilities. For example, no one with a 
knowledge of dyeing processes would search for 
a cochineal scarlet on cotton or a paranitraniline 
red oil wool. The presence or absence of certain 
metallic bases in tho ash of the incinerated 
material is also a useful indication of tho nature 
of the dyestuff under investigation, and an 
examination of this point should be made. 

What may bo termed the ‘ dyeing groups ’ of 
colouring matters do not coincide with tho 
‘ chemical groups.’ For example, the dyeing 
group of ‘ basic ’ dyes, the members of which 
are fixed on cotton by means of a tannin 
mordant, includes members of the triphenyl 
methane, azine, azo-, acridine, and other 
chemical groups. 

To determine the dyeing group to which a 
colouring matter present on a fabric belongs, 
acid and alkaline solvents are used as * stripping ’ 
agents. The following are the general reactions : 

Action of f IStbifping Agents.’ 

Dyeing group Stripping solution 

Mordant dyes 60 c. c. HC1 (cone. ) pear litre 

Basic dyes on wool 5 p.c. aoetac aoid 

„ „ on cotton 3 p.c. sodium hydroxide 

! 3 p.c. ammonia 0*8W *.g. 
A small piece of mer- 
cerised cotton is 
placed i& the solution, 
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In each case the fabrio is boiled for 5 minutes 
in the solution. 

With direct cotton dyes the small piece of 
white cotton placed in the solution becomes 
dyed. With acid dyes this does not occur. 

The action of the above stripping agents can 
only be considered as general in regard to a par- 
ticular group, and many exceptions will bo found 
in dealing with particular members of the group, 
e.g. some acid dyos are only slightly stripped by 
boiling in dilute atnmoma, and a few of them 
stain mercerised cotton. Too much reliance 
must not, therefore, be placed on these stripping 
reactions. 

The most satisfactory group reagents for 
classifying dyestuffs into tho chemical groups 
are acid or alkaline reducing agents ; on the use 
of which several schemas of identification have 
been based. These reagents were first proposed 
by Witt, in 1880, whose Hc-heme was extended by 
Wcingaertner, in 1887 ; but the systematic 
development of the scheme of analysis is mainly 
due to A. G. £2reen. 

The reactioiiS of dyostuffs are considerably 


influenced by the nature of the fibre upon 
which they have been fixed, which also deter- 
mines the particular dyeing process necessary. 
For example, the basio colours dye wool and 
silk $rect, whereas their fixation on cotton 
involves the use of a tannin mordant. It is 
convenient, therefore, to treat separately tho 
identification of dyestuffs on animal and on 
vegetable fibres. 

Identification of dyestuffs on wool . — Tables 
i for tho identification of dyestuffs on wool have 
been published in Hummel’s Dyeing of Textile 
I Fabrics ; in Knocht, Rawson, and Loewenthal’s 
: Manual of Dyeing ; in Lehne’s Farber 

' Zoitung, and by many other authors ; but tho 
! most systematic ami reliable scheme is that 
j of Green (Analysis of Dyestuffs, 2nd edit. 1015). 

I In this scheme, which is now to bo described, 

| tho dyeing groups arc first distinguished by the 
| action of suitable solvents, and then further 
j differentiation is carried out by the use of 
j reducing agents with subsequent reoxidation. 

Tho various groups of dvestuffs as dyed ^ on 
' animal fibres, show the following reactions : — 


Decolourised by hydrosulphito 

Colour restored Mour not rwt^l c , ol „ ur not , 

on qxposure , ^ ? ir * )T1 restored cither by 

Not altered by 
hydrosulphite 

Not doeolourised, 
but changed in 
shade. Original 
colour restored 
by air or 
persulphate 

Azines, oxazines, Triphenyl- Nitre-, nitroso-, 

thiazines^im i- methane group and azo- groups 

1 

Pyrene, acridine, 
quinoline, and 
tliiazol groups. 
Some members 
of tho oxyketono 
group. 

Most dyestuffs of 
tho oxyketone 
group 


In Green’s scheme the following reagents are 
employod, and must bo used of the strength 
indicated : — 

Dilute ammonia (1:100) — 1 e.e. cone, 
ammonia ; 100 c.c. distilled water. 

Aqueous -alcoholic ammonia . — 1 o c. cone 
ammonia ; 50 c c. strong alcohol or methylated 
spirit ; 50 c.o. water. 

Dilute acetic acid (5 p.c.). — 5 c.c. glacial acotic 
acid ; 95 c.c. water. 

Dilute fdcohol (1 : 1). — 50 c.c. strong alcohol 
or methylated spirit ; 50 c.c.^ water. 

Dilute hydrochloric, acid *(1:10). — 10 e.e. 
cono. hydrochloric acid ; 90 c.c. water. 

Caustic soda (10 p.c.). — 10 grams solid caustic 
soda in 100 c.c. of water. 

Hydrosulphite AX. — Dissolve 50 grams hy- 
drosulphite NF cone, or rongalite G, i.r. the 
formalaehyde compound of sodium sulphoxylate, 
in 150 o.c. of hot water. Add to tho solution at 
80°-90° 0-25 gram of precipitated anthraquinone 
previously ground to a paste with a little of 
the solution, and dilute the whole to 500 c.c. 
with oold water. The solution should be 
slightly alkaline. It may become acid on 
keeping. , , 

Hydrosulphite B . — Dissolve 50 grams hydro - 
sulphite NF cono. or rongalite C in 600 o.c. water, 
and acidify with 2 c.c. of acetic acid. This is 
used only for yellows and oranges. 

Vol. 11.— T. 


Persulphate . — A cold saturated solution of 
potassium persulphate, or a 1 p.c. solution of 
ammonium persulphate. If alkaline, neutralise 
carefully with acetic* acid. 

Sodrum acetate (6 p.c.) — 5 grams crystallised 
sodium acetate ; 100 c.o. distilled water. 

Proredme . — The reactions are carried out in 
test-tubes upon pieces of the material about 
£-1 inch square, which aro covered with about 
1-1£ inches of the reagont. The tests should 
be carried out exactly as described. Except 
when specially stated, the reagents aro to be 
applied in succession to fresh portions of the 
material. In makmg ‘ stripping tests,’ the de- 
greo of stripping is judged oy comparing the 
remaining depth of shade with that oi the 
original pattern. Tho colour of the stripping 
solution cannot be relied upon as a guide. In 
boiling with dilute acetic acid and dilute 
ammonia, it is found advantageous to repeat 
the extraction, as a better stripping is thereby 
obtainod, and with acid dyestuffs any staining 
of tho cotton by tho first strong extract iB 
removed# during the second boil. In testing 
wjth dilute ammonia or sodium acetate, the 
material is placed in a test-tube with a pieoe 
of whit-e mercerised cotton cloth, somewhat 
smaller In size, and boiled for the time pre- 
scribed. If the shade is a pale one, tfte Bize of the 
sample should be increased and that of the ootton 
2 Q 
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diminished. The dilute ammonia is replaced 
by aqueous alcoholic ammonia in the case of 
the violet and black dyestuffs (Tables III. and 
VII,), as in these oases the acid dyestuffs are 
less easily extracted, and the cotton is. more 
liable to bo Btaincd by them. In making reduc- 
tion tests, the sample is boiled for from ono- 
quartor to one minute with the hydrosulphite, 
then rinsed well under the tap, and allowed to lio 
on white paper. With most dyestuffs which form 
air-oxidisablo lcuco- compounds, the colour re- 
turns immediately or in a few minutes, but with 
others a longer time is required. The reaction is 
accelerated by exposing the pattern to ammonia 
vapour. If the colour does not return, the 
pattern is boiled with a little water in a test- 
tubo, and potassium persulphate is added drop 
by drop, carefully avoiding an excess. If this 
also fails to cause any return of colour, the 
dyestuff is to be regarded as a nitro-, mtroso-, or 
azo- compound. The depth of the restored 
colour varies greatly in different cases ; with 
some dyestuffs the colour reappears with nearly 
its original depth, but with others (probably on 
account of the greater solubility of their louco- 
compounds) only a pale shade may return. 
Safranine and its azo- derivatives are peculiar 
in yielding a violet colour on reoxidation of the 
leuco- compound, this bejng due to the con- 
densation of the lcuco-safranine with the 
formaldehyde present in the hydrosulphite NF. 

The tables (I. to VII., pp. 59(5-1102) give the 
scheme of analysis. 

These tables do not always differentiate 
between closely related individual dyes, for which 
purposo further tosts must lie made At this 
stago of the investigation it is very desirable to 
rocure small pieces of material dyed with such 
nown colouring matters as the group tests, 
combined with the colour of the sample, have 
indicated as probable Parallel individual tests 
should then be applied with those and 'with the 
sample under examination. 

The following series of reagents have been 
found by W. M. Gardner to be convenient for 
this purpose. They should be applied in the 
order givon, and used as follows : — 

Application of cold reagents . — Steep a piece 
of the material' 1 by £ inch in (say) 5 c.c. 
of reagent for 5 minutos in a small porcelain 
dish. 

Application of reagents by boiling . — Tn a test- 
tube place 10 c.c. of reagent and a piece 
of material 1 by \ inch. Boil gently for 3 
minutes. 

Application of nitric acid test.— On ki white I 

§ lazed porcelain plate, spot the material by ! 
ipping a glass rod into the acid and then pressing 
it on to the cloth. Note the changes in colour 
which occur during the formation of the spot, 
and re-examine after several hours, noting any 
further change. 

Reagents for identifying individual dyestuffs : 

1. Boiling water. Use small pieces 

2. 5 p.c. acetic acid, boiling, of wlito wool, 

3. 3 p.c. ammonia, boiling, silk, and cotton 

4. 3 p.c. soap, boiling. along with the 

5. Boiling alcohol. dyed sample. 

6. Concentrated Bulphuric acid, cold. 

7. 3 p.c* ammonium persulphate, cold. 

8. Bleaching powdef solution, 6°Tw., cold. 


9. 60 grams SnCl,,2H a O+100 c.e. HC1. 
32 t ’Tw. per litre, oold. 

10. 5 c.c. NaNO a (6 grams per litre), and 
5 c.o. H.SO* (3*5 grams per litre) boiling. 

11. Apply test 10 cold, then wash and 
steep the material in a solution of sodium 
/9-naphtholato 5 grams per litre. 

12. Concentrated nitric acid (spot test). 

If the sample under examination shows the 
samo reactions as any one of the control samples, 
with each of the above reagents, its identity 
may be considered as clearly established. 

Kneeht, (J. Noe. I>yers, 1904, 98) states that 
titanous chloride possesses advantages over 
both stannous chloride and sodium hydrosulphite 
as a test for dyestuffs. The solution is prepared 
by boiling together 25 c.c. commercial titanous 
chloride solution (20 p.c.) and 25 c.c. HC1, 
32°Tw., and diluting to 1000 c.c. with water. 

Identification of Dyestuffs on Cotton. 

Green (Analysis of Dyestuffs, 1915) has 
worked out an analytical scheme for the detec- 
tion of dyestuffs on cotton on the same lines as 
that previously described for wool. 

The reagents art' as follows : — 

1. Dilute ammonia— 1 c.c. strong ammonia 
to 100 c.c distilled water. 

2. Dilute caustic soda. — 10 grams caustic 
soda in 100 c e. water. 

3 Saline caustic soda — 10 c.c. caustic soda 
solution (35-40 p.c. NaOJl) to 100 c.c. saturated 
solution of salt. 

4. Formic acid 90 p.c.— Concentrated com- 
mercial acid. 

5. Dilute formic acid. — 1 c.c. formic acid 
(90 p c.) to 100 c.c. distilled water. 

(j. Dilute hydrochloric and . — 5 c.c. hydro- 
chloric acid (30 p.c ) to 100 c.c. of water. 

7. Soap solution. — 10 grams soap in 300 c.c. 
of water. 

8. Tannin solution. — 10 grams tannic acid 
and 10 grams sodium acetate in 100 c.o. of 
water. 

9. Bleaching powder solution. — Fresh solution 
at 5°Tw. 

10. Hydrosidphitc AX (same os for wool, 
see p. 593). 

11. Hydrosulphite B (same as for wool, see 
p. 593). 

12. Hydrosulphite BX. — Dissolve 60 grams 
of rongalite or hydrosulphite NF cone, in 126 o.o. 
of hot water. Grind 1 gram of anthraquinone 
(precipitated, not sublimed) to a fine powder, 
and reduce to a smooth paste with a little of the 
rongalite solution. Add this paste to the 
remaining solution, and heat the whole for 
1 or 2 minutes at about 90°. Then dilute with 
cold water to 600 c.c., and, after standing until 
cold, add 1£ c.c. of glacial acetic acid. Keep in 
a well-stopporod bottle with greased stopper. 
The reagent should be tested occasionally bv 
trying its effect on cotton dyed with a-naphthyl- 
amino bordeaux, which should be fully dis- 
charged after boiling for 1 or 2 minutes. The 
anthraquinone may bo replaced by 0-oxyanthra* 
quin one, which can be employed in the same 
way or previously dissolved in a little aioohol 
before it is added to the hydrosulphite. It has 
the advantage of giving a clearer solution, but 
is not so generally available. 

13. Persulphate solution. — A oold saturated 
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solution of potassium persulphate, or a 1 p.o. 
solution of ammonium persulphate. 

14. Acid stannous chloride. — 100 grams 
stannous chloride to 100 c.c. hydrochloric acid 
(30 p.c.) and 50 c.c. water, The hydrochloric 
acid must be free from arsenic. In testing for 
sulphide colours, this reagent may be replaced 
with advantage by a strong solution of titanous 
chloride. 

15. Chromium Jhioride reagent. — A solution 
of 10 grams chromium fluorido and 5 grams 
sodium acetate in 100 c.c. wator. 

Procedure : General. — All the reactions aro 
performed in tost-tubes, with piocas of matonal 
about J-f of an inch square, which arc covered 
to tlio depth of from U to 2 inches with the 
reagent. The degree of stripping is judged by 
comparing the remaining shade" with that of 
the original pattern ; the colour of the stripping 
solution cannot be relied upon as a guide. In 
testing the colours of calico prints, the separate 
colours should be cut out and the reactions tried 
upon theip separately. With cotton and wool, 
or cotton and silk unions, the weft is separated 
from the cotton warp, and each submitted to 
examination. Doubt may frequently exist as 
to how a particular shade should be classified, 
whether, for instance, a reddish-blue is to be 
regarded as a blue or a violet. In such cases 
the tablos refornng to both colours should be 
employed ; but since the same general schemo is 
adopted throughout the tables, this can scarcely 
give rise to confusion. Tho same remark 
applies to possible mixtures ; thus in examining 
a certain green shade, both the yellow and tho 
blue tables may have to be used. 

To distinguish between individual dyestuffs 
of tho same group the same method should be 
adopted as in tho case of wool (see p 594). 

It is obvious that in many instances the 
analytical procedure may be greatly simplified 
by exclusion of dyestuffs the presence of which 
is rendered improbable or impossible by the 
special circumstances of the case, e.g. by tho 
material, shade, or mode of application of 
the colour. 

Stripping test. — A few of tho direct dye- 
stuffs are partially stripped by dilute ammonia, 
and may thus give rise to the impression that 
they are acid colours. To avoid this error, 
it is advisable to add a small piece of white 
cotton when carrying out the test. With an 
acid dyestuff tho cotton is either not tinted or 
becomes white on boiling a second time with 
dilute ammonia. 

Transference of basic dyes to wool. — The 
tannin mordant is first removed, as in testing 
for a basic colour, by boiling tho pattern for half 
a minute with saline caustic soda. It is then 
well washed to rerpove all alkali, and is boiled 
with'a'pieoe of white* wool (half the size of the 
cotton or less) in a little water for 1 or 2 
minuted. In most cases the dye base will leave 
the cotton almost entirely, and dye tho wool a 
full shade. If the colour does not develop on 
the wool, one or two drops of dilute formic acid 
(l : 100) may be added. In the case of a few 
dyestuffs which are more difficult to strip 
(e.g. basio greys), it is necessary to extract the 
colour with dilute hydrochlorio acid (1 : 20), 
carefully neutralising the extract with ammonia 
before adding the wool. 


Tannin test for basic dyes. — aM a few 
drops of tannin solution to the formic acid 
extract. Shake well, and if the precipitate 
does not form at once, allow to stand a few 
minutes. Some colouring matters such as the 
rhodamines, gallocyanines, and chrome colours 
of the rosaniline serios (which contain carboxyl- 
or hydroxyl- groups in addition to basic groups) 
only precipitate slowly, and tho precipitate, 
being more finely divided, is sometimes difficult 
to see. 

Bleeding test for direct dyestuffs. — In testing 
for direct dyestuffs by the blooding test, the 
sample is placed in n test-tube together with a 
smaller piece of white mereerisod cotton cloth, 
and boiled with soap solution for about a minute. 
Tho soap solution may be replaced by a 5 p.c. 
solution of sodium carbonate 

Lead acetate test for sulphide dyes. — The 
samplo is first boiled for two minutes with a 
10 p.c. solution of sodium hydroxide to remove 
any adventitious sulphur compounds. It is then 
well washed and just covered with acid stannous 
chloride solution. The mouth of the test tube 
is closed by a cap of filter paper closely wrapped 
round it, into the centre of which ir placed, by 
means of a glass rod, one drop of lead acetate 
solution. The contents of the test-tube are 
slowly heated to the boiling-point-, when a 
blaclash-brown stain of lead sulphide appears if 
a sulphide colour is present. The brown spot 
will again disappear on continued boiling on 
account of the decomposition of the load 
sulphide by tho hydrochloric acid evolved. 
It is important to pay special attention to the 
cleanliness of tho test-tubes employed for this 
test, as tubes which have been previously used 
for hydrosulphite reductions acquire a thin 
invisible deposit of sulphur upon their walls, 
which, on boiling with stannous chloride, gives 
rise to hydrogen sulphide, and thus may lead 
to error. 

Reduction and reoxidatiim tests. — The reduc- 
tion with hydrosulphito BX is carried out by 
boiling the sample with the reagent for from a 
mmutc to a minute and a half. The azines, 
thiazinos, oxazines, &o., and most of the azo- 
dyestuffs are fully reduced in about half a 
minute, but the insoluble azo- colours and some 
direct dyestuffs require longer boiling to complete 
their reduction. In testing the reoxidisability 
by air, the reduced sample may be exposed to 
the fumes of ammonia, which in many cases 
accelerates oxidation. 

Tests for vat dyestuffs. — ( See Green and 
Frank* ,J. Soc. Dyers, 1910, 83 ; and Grand- 
mougin, Tabellarischo Uebersicht der Kupen- 
farbstoffe.) 

The analytical tablos worked out by Green 
for tho identification of dyestuffs on vegetable 
fibres, are given on pp. 003-009, Tables VIII. 
to XIV. 

S. T. Mulliken (IdentificationTof the Com- 
mercial Dyestuffs, 1910) has Wpu Wished a 
systematic scheme of analysis, ^primarily in- 
tended for the examination of the dyestuffs in 
substance. The tables give the reactions of 
1475 distinct dyestuffs, and are of great service 
in the identification of dyes on the fibre. 

Spectroscopic examination of dyestuffs . — The 
absorption spectra of dyestuffs may be used m 
an aid to their identification. In the second 



[RECOGNITION OF DYES ON WOOL OR SILK. 

TABLE HI. — PURPLE AND VIOLET COLOURS. 

Boil twice for one minute with 5 p.c. acetic acid 


DYESTUFFS, IDENTIFICATION OF, ON FABRICS. 


V Fibre and solution 

red-brown to ; 
g g-ES S .jjg.. violet-brown 



o § £ g» &•&•§ * Fibre and solution i 
ora,1 S 0 

S3* w’ Mordant absent: Salt 

•25t-Bi a dyestuff. Confirm by 

5® Ro -a boiling with 5 p.c, t 
•o^oo sodium acetate and a 

■ £ .a n £ ^ piece of white cotton. 
® 0 m*! < s £ Stained 

5-g" Mordant present : Acid-. , 

mordant dyestuff. I- 

gs T ! . 

Decolouiised. Colour docs not re- 1 
turn on exposure to air, but is re- 
st ored by persulphate . Triphenyl- ; 
methane class. A chrome moidant 
is present 

a a .'Mordant absent • Indlgoid 
Vat dyestuff. Confirm < 
$ P a o by extraction with .inlline ■ 
■C3®g ! and sublimation 


Mordant piesent • Azine, 
Oxazlne, oi Thiazine 
class. 


Alizarin bordeaux, alizarin claret, alizarin 
maroon. 


Alizarin red S, &c., on Fe. 


Diamine, benzo, dianil, Columbia, chlorazol, 
naphtbamine, cklorantine, &c., violets. 


Acid alizarin violet, acid chrome violet, 
crioclirome violet, Palatine chrome violet. 


Chromogeno violet, metachromo violet, 
chrome violet 


Hclindonc violet, ciba violet, ciba lielio- 
tro]>e, tluoindigo violet, &c. 


Gallocyanuio, prune, codes tine blue, correine. 


2 Colour unaffected . Pyrone class. 

3 A chronu* moidant is piesent. 


Coloui is changed to orange-yellow, 
restored by persulphate to a violet- 2 
brown • Anthraqulnone class 


Decolourised. Colour is not rc- 
stoiod cither by ail or by pei- 
sulphate : Azo class 


Antkraqmnono violot, alizarin direct violet, 
alizarin irisol, alizarin cyanol violet. 


Lanacyl violet, azo acid violet, Bulphon 
violet,” Victoria violet erio fast purple, wool 
violet. 


hs?a ilSI 

!|5s| l«l|l - 

*5152 


Acul violets, alkali violet, guinea violet, 
formyl violet, kitone violet, &o. 


Pyrone colours, e.g., fast acid violets, viol- 
amines, and violet 4R, &c. 


; o13 xsl -|i4g r ails 

g§ i\ 

'IliisKiili— 
mmm . nisi 

'-'o- O 


Rod-shade soluble blues. 


Certain rod-shado acid violets, e.g., acid 
violet 4RS and 6RS, red violets 4RS, &c. 


Decolourised. (Colour returns on 
exposure to air : Azine, Oxazine, 
or Thiazine class 


Fast bluo R, rod shade indulines, &c. 


Unaffected. A1 or Cr is present iu 
ash. On boiling with dilute am- so 
monia, the coloui becomes much bluer 

Decolourised. Colour does 
•2X52 I not retum on exposure to 
y ct w a air, but is restored by per- oi 
2 J sulphate: Triphenyl- 
o _ m ethane class 

1,2 1* Decolourised. Colour 

o returns on exposure to 

air : Azine. Oxazine, ** 
r’ '"'Sf or Thlazme class 


Soluble red woods, e.g., Brazilwood, Lim a- 
wood, sapanwood, peachwootf, &o. 

Methyl violet, ethyl violet, crystal violet, 
benzyl violet, brilliant violet, &c. 

Neutral violet, rhodulino violet, methylene 
violet, tannin heliotrope, iris violet, &o. 



mmmmmox of, w Mi 


Colour changed to brown, becoming blue 
again on exposure to air . Alizarin class 
Mordant present 

l£g ~ 

5 m S Mordant absent 4- — Salt dyestuff, 
u?oo Confirm by boiling with 5 p.c. 

0*3 o-o Sodium acetate and a piece of 
-3 .n b white cotton. Cotton stained 


HiSa .Slim 


Cotton is stained 

Salt-mordant 

dyestuff 


§ Alizarin blue (Anthraquinoline plass). 

Diamine, benzo, dianil, Chicago, ohlorazol7 
naphthamine, &o., blues and sky blues, Bulphon 
g acid blue, sulphoncyanine, sulpnonazurine, erio 
fast blue SWR, tolyl blue GR extra and 5R 
extra, &c. 

SI Autoehrome blue. 

Chromotropo blue, acid chrome blue, chrome 


^ 5KaS Cotton remains „ u.™, / 

(h 85 S . g Sa 9 -os o a white:— Acid-mor- §5 fast blue, anthracene chromo blue, fast mor- 

a k Hunt, dvnstnff <,,l.n.n a oU.mn tlun 


® Decolourised. Colour does not return Mordant, I w 
•o on exposure to air, but is restored by j absent | ” 
*» persulphate:— Trlphenylmethane jMordantl - 
a class. T est for a mordant [present 1 w 


dant blue, salicine chromo blu e, & c. 
Brilliant milling blue B. 


^Pyrone dyestuff - § Fast acid blue R, violamme 313. 

ovaporution'tt 1 Hu'blumiblo ra Indigo, hohndono blue 3G and 2B, ciba blue, 

residue . -Indigoid Vat M thiomiligo blue, &<\ 

dyestuff 

,, , . . ,, , _ Kriochrome azurol, eriochromo cyanme, chrome 

lubre and solution red - worsted Muo, chromal blue, chromoxane blue, &o. 

Gaiiocyanme, colestine blue, correino, prune, 
Fibre and solution blue or gallammo blue, delphine blue, brilliant delphine 
violet ** blue, indalizann; lanoglaucme, ultra cyanine, 

ultra \ lolot, &c. 

_ , , , , . 0 Brilliant alizarin blue, morcerol brilliant blue, 

jjhj.ro .md solution greon S todoohrommo, &o. 

Mordant abscut 2 Indanthrene blue WB. 

Alizaun cyanine, brilliant alizarin cyanine, 
i Mordant present 3 anthraceno blue, alizarin indigo blue, acid ali- 

i zurm blue 2B and Glt, &e. 

bright you™ u. oraiigo- j ” " 'M*™* Mtrur aiizann urauol. cyankthrol 
brown, returning with 2 alizarin direct blue B, alizarm cyanol B, alia 

jwrsulphate | tt rm sky blue, anthraquino ne blue, &o. 

[ Alizarin saplnrol, anthraevanine, alizarin direct 
red-violet, returning with hi uo and E3B, alizarin cyanol EF, brilliant 
persulphate j anthrazurol, eriocyanino LM, fast sky blue, & c. 

Colour is not restored either | h "Lanacyl blue, azo aad blue, azo merino blue. 
f persulphate —Azo class | azo navy blue, chromazone blue, az oc yam ne, etc. 

Ammoniacai extract is Sotablo blueT witter blue7alkali blue, ohloratol 

colouiless, but becomes blue 2 brilliant blue 14B, isamme blue »B, bnlliant 
on acidifying dianil blue OG, brillian t sky blue 8 G, &o. 

0 - l Patent blue, new patent blue, Neptune blue, 

.’2 Fibre and solution xy ] ene blue, brilliant acid blue, kitone blue, 
C0l0Ul y 1 Xw P 04 orioglaucino, criocyanine, eriochlorine, cyanole, 

l-gta-g § c cyanine, fast acid violet 10B, cyanogene, &c. 


|9 | sill 

Sn- £ i 

5 o. 


I] O hi ti® ui'T 
^ uS 4 <•= <a «* a 


g3^ac°'2 

Sog<|000 

fill I co -§ 


Fibre and solution blue or 
violet 


Fipro and solution green 


Mordant present 


bright yellow to orange- 
brown, returning with 
persulphate 

red-violet, returning with 
persulphate 


Decolourised. Colour is not restored either | - 
by air or by persulphate . — Azo class | ■" 

m i ^ Ammoniacai extract is 

g g p "3 ►, colouiless, but becomes blue £ 
■S S S 3 0,1 acidifying 

r — 

’gggxi’E© g jg ® . "S Fibre and solution 

■i« a ®’g l r8 colouiless to pale a 

§gi|l.| |*2 8 Jg yoIIow 

8 o §<g g E I gx! Fibre and solution ~ 

q 73 S red-brown to o 

® orange-brown 

h I * ] The ammoniacai extract Is 

• ° “ fl'S <8 5 colourless. Fe is present t 

!a«f <!■§ is** 

■g a © g afiS <2 ® becomes 

2 o ® 2 3 1 a** 11110 ] 11 *' violet on « 

fi 8 oftS cal extract Is heating 
blue. On f 
adding caustic « 

Unaffecte d. Al or Cr is present in ash. 

On spotting with hydrochloric acid ■< 
the blue i s c hanged t o bric k-red _ 

p J.aM Decolourised. A violet colour 

.9 t 3 returns on exposure to 

9 ® air Safranine azo dye- 

« & stuff 

g jstel. L_ 

I “ m 3-g Decolourised. Colour doeanot 

I o -to | return on exposure to air, hut 

i « 9 Sja la restored by persulphate 

Trlphen ylm ethane class 

JlS Decolourised. Colour re Arn^ 

I on exposure to air :— Azlne, 1 

i * Oxazfne, or Thi&zlne class 


co Wool bluo, cyanolo FF, intensive blue, &c. 


Thiocurmine, fast blue, induline, acid cyanine, 
fluorescent blue, lazulino bluo, &c. 

Indigo extract, indigo carmine. 

Logwood blue, 

Janus bluo, diazine blue, inloine blue, Janus 
dark blue, naphthindone, &c. 

. I 

Night blue, Victoria blu£, setocyanine, seto* 
glauoine, turquoise blue, &c. 

Methylene blue, Nile blue, Capri bine, cresyl 
blue, Meldola’s blue, new methylene blur, di- 
phene blue, &o. I 
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DYESTUFFS, IDENTIFICATION OF, ON FABRICS. 


W 

g 

w 

P$ 

O 

A ' 

o 

O ( 
£ i 

fc ! 

O j 


!?5 

O 

o 

o 

H 

« 


Igl^ 

Js^S 

S|p 

o e £ 
o 2 s 
Q o£ 


Original colour does not 
return on exposure to air, 
but is restored by per- 
sulphate. A chrome 
mor dant la present 

Original colour returns on 
exposure to air. A 
mordant is present 


Colour changed to red-violet. The 
original colour is restored by pel- 
sulphate. A chiome mordant is 
piescut 


Alizarin cyanine green, alizarin viridine, 
brilliant alizarin viridine &c. 


Cmiuloine, alizarin green 8, alizarin dark, 
green W. 


Eriochrome verdono, acid alizarin green. 


I-?! 

2 1.8 


gC* 

. 

rQ l/i 

'O O es 

°,Q o 

O k. tj 


Mordant absent : — Salt 
dyestuff. Conllnu by boiling 
witli 5 p.c. sodium acetate | > 
and a piece of white cotton 


1S»£ 


|a l! 

|-*» o"q' 

'a«o 

|a 5 


I Cotton is si allied . — 
Sait-mordant 
» | dyestuff 


Diamine, benzo, dianil, Columbia, clilorazol, 
naphtharmne, &c., greens. 


Diamond given 28, chrome patent green N, 
niercorol green, &e. 


_ 'Colour of fibrej 
S £ S % g ! unchanged, 


OtSl ^ ri ! a •- ^ 




t; • p 2 
I -S * 


or bluei 

Azo class 


l 1 ' il> io and 
solution light, 
brown .— N1 
troso class 


Diamond given li and 3G, cbromoxal green, 
Cyprus given, omega chromb green, erio- 
ehromeguvn 11 and L, acid chrome groon, &c. 

Naphthol green B, gambines, dioxine, 
chrome green C, &c. 


Decolouuscd Colour does not return 
on exposure to air, but is restored by 
persulphate : Triphenylmethane 
class. A Ci woidaut is present 

Mordant absent . — 
Indigoid Vat dye 
stuff. Confirm by 
(extraction with anihnej 
and Biiblimntion test I 




Chromoxuno green, chrome green, fast 
chrome green, &c. 


® Ciba green G, holindono green G. 


Mordant present — 
Oxazine or Thiazine I » 
class 


Alizarin green B and G 


I H 

J. -« 

•d <v 

111 


111 

jr* 


•SgOco-o 


Orange, returning 
with persulphate to 
grey-green 


Authracjumone green, alizarin cyanine green, 
alizarin brilliant green, iast acid green RH, 
anthra<{umono blue-green. 


It ed-' violet returning 
with persulphate to 
bluish-green 


Dee lourised. Colour Is not restored 
either by air or by pei sulphate 
Azo class 


•- Alizarin emeraldol, alizarin direct groen. 


Sulpbon acid groon, mixtures of an i 
blue and yellow. 


Decolourisod. Colour does not return j 
on exposure to air, hut larestored | 
by persulphate —Triphenyl- 
methane class 


Decolourised Coloui returns on 
exposure to air Azine, Oxazine, 
or Thiazine class 


Decolourised. Colour does not re 
turn on exposure to air, but is re- 
stored by persulphate : Trlphenyl 
methane class 


Acid groon, light green, guinea green, wool 
green, Neptune green, alkali Fast green, 
cyanole fast green, erio green, brilliant 
milling green B, night green, &c. 


Azino green S. 


Malachite green, brilliant green, fast green, 
setoglaucine, solid green, China green, new 
fast green, &c. 


Deoolourised. Original colour re- 
turns on exposure, to air : — Azine, 
Oxazine. of Thlazirre class 


Decolourised. A dark violet colour 
* returns on exposure to air : — 

Safranlne Azo dyestuff c 


c* Methylene green, Capri green, azine green, 
fast groon M, &c. 


Janus groen, diazine green. 



Little or no colour is stripped .-Acid, Vat, Mordant, or Salt dyestuff. Boll twice for one minute with dilute ammonia (X : 100) 


DYESTUFFS, IDENTIFICATION OF, ON FABRICS. 




.1 

p i 

I 

n . S 
T!”? a 


Ifo 

d '« 7 ! 

si 1 

S|e 

— - 


A 

11 

S 3 

pq 

j Colour 

j stripped, 
j presen 

h 5 


«j| 


ia not re 
rsulphat 
with 5 i 
piece of 
ninutes 

£ ® ®<o 

■g Sal 


a w 




a u in J, 

DO Off-g 


8||g®& 


Diamine, benzo, diu, ml, Columbia, Congo, naph- 
thamino, toluylene, Hessian, &c., browns. 


Anthraceno acid brown, acid alizarin brown, 
anthruceno chromate brown, diamond brown, 
l ~ palatine chrome brown, salicme brown, meta- 
chrome brown, moroerol brown, &c. Also 
manganese brown (Mn in ash). 


<o Chromogon, oxychromino. 


Mikado browns. 


Helmdone brown, ciba brown, thioindigo 
brown, &c. 


3, I 

O "*2 603 o h"0 u.’S w 

thmiin 


Acid brown, fast brown, resorcin brown, guinea 
brown, solid brown, sulphon acid brown, 
Neptune brown, wool brown, &c. 


ligjjs 

■ilJi 

II! 


w Bismarck brown, Janus brown, tannin brown. 


h* Diazine brown. 



RECOGNITION OF DYES ON WOOL OR SILK. 


DYESTUFFS, IDENTIFICATION OF, ON FABRICS. 


iliSlii 


a ' T ’lthazarine, alizarin blue black SW, W, 
ant alizarin black, alizarin black S, 
WR, WX, &c. 


Diamond black FB, FR, NO, GA, 2B, 
Palatine chrome black, anthracene acid black, 
ahzadine black, monochrome grey, 
anthracene chromate grey, &c. 


Diamond black PV, PVB, P2B, F, 
diamond blue black EB, criochrome black, 
criochrorne grey, chrome fast black, 
anthracene chrome black, acid alizarin black, 
fast chrome black, acid chrome black, &c. 


Alizarin cyanide black. 


£i|a^a g l 


A ‘ valted black ’ (indigo and logwood). 


Logwood on Fe, Bonsor’B black. 


Logwood on Cr. 


H -g-o 

ifa’5 *> a*? 
S-g gaSSSs? 


Union black, Columbia, diamine, dianil, benzo, 
w chlorazol, naplithamine, &c., blacks and fast 
blacks, direct deep black, direct blue black, &c. 


Naphthol black, naphthylamine black, nerol, 
azo acid black, Palatine black, 
sulphocvanino black, sulphon black, Biebrich 
patent black, cresol black, &c. 


Janus black, diazine black, jute blaok, 
methylene grey, new fast grey, &c. 



RECOGNITION OF DYES ON VEGETABLE FIBRES 
TABLE VIII.— TELLOW AND ORANGE COLOURS. 


DYESTUFFS, IDENTIFICATION OF, ON FABRICS 


« o t *5 Colour not 

„ * 1 li Jllllit „ 
| 1 fife 

| I ol Sjfcj|| -^ yestuff 

% g Colour 


1 le 8 . 11^--- 

3 9 Hi 3 S The whil-e cotton 1 h | 

* Sill, uJ stained . — Thlazol salt 

Snif-sf °f dyestu,r 

Ss|l| a ~ — 

a!, §3'“' H 2 s is ovolved —Sulphide 
dyestuff 

$ P * ’ grj ^3 **T 

. >9 _ "O# Colour Is not 

j?j? t Jj* o q J stripped. Cr present 
«« tfitl’-S 2-0? ! In the ush :— -Azo 
3*} .g^a- 8 a & mordant dyestuff 

2 * ® fr 3 » a „•! R t 

ft« 2$ is £ Colour Is stripped: 

"C-2 SsflOo C-gfe — Insoluble azo 

S* l | 1 colour 

j (f) tf} I 

> « 0 * 3 ^ C I j Fibre after re- 

3 8 O Sfi-S & 44 1 flu r,t, inn Is eolrnir- 


Flbre after re- 
duction is colour- 
less —Salt azo 
dyestuff 


$ ? iITjf 


mg 

3 p is S'S^M 

ftlllll 

S|i* 8 !f 

tS’S’Sw^fi 

O [^cS_2 | +> >, 

^ is i i% a 


" >* Fibre utter reduc- 
gxJ ■ tion is light yellow 
: and can be diazo- 
8 d tlsed and dc- 
® J veloped red with 

2 betanaphthol . — 
te j Primuline azo- 
I colour 

Wool is permanently 
decolourised : — 

Azo class 


Not decolourised. 
The cone. lloSOj 
and alcoholic , 
, solutions are 
■ fluorescent, .— 
Acridine class 


Helindone orange R, helindone yellow 3G, 
anthraflavone G, algole yellow 3G and R, algole 
orange R, indanthrene yellow, indanthrene 
orange RT and golden orange, indanthrene 
copper, cibanone yellow R and orange R. 

Persian berries on A1 or Cr mordants, alizarin 
orango on A1 mordant. 

Ohlorophenine, chloramine yellow, diamine fast 
yellow B, FF, and C, Clayton yellow, thiazol 
yellow, thiollavino S, &c. Primuline developed 
with hypochlorite. 

Yellows and oranges of the immodial, katigene, 
cross-dye, pyrogene, tluogcne, sulphur, thional, 
&c , series. 

Chrome orange, alizarin yellow R, GG, &o. 
diamond flavme, flavazol, &c. 

Metamtramhne orange, mtrotoluidinejorange, 
orange from naphthol AG 
Chrysophemne, chrysamine, carbazol yellow” 
toluyleno yellow and orango, stilbene yellowB 
and oranges, benzo, Congo, diamine, and dianil 
yellows and oranges, pyrammo orange, Pluto 
orange, &c. ‘ 

Pnmuline developed with phenol or with re- j 
sorcinol, cotton yellow G and R, oriol yellow, 
dianil yellow, &o. 


Chrysoidino, tannin orange, Janus yellow, azo 
phosphine, new phosphine, &c. 


Phosphine, benzoflavino, acridine yellow, rheo- 
mne, orange flavophosplnne, &c. 


Decolourised oo 


Thioflavino T, methylene yellow, rhoduline 
yollow. 


Alizarin yellow A. 


Fibre blackened. 
Cr present in ash 


Chrome yellow or chrome orange (lead 
chromate). 


Permanently 
decolourised : — 

Azo class 


Indian yellow, orange IV., G, &c. 


Not decolouiised : — 

Pyrone or 
quinoline class , 


Quinolinl yellow, eosine orange. 


Colour not transferred to the wool. 
Bn Is present in ash • 


Persian berries on tin mordant. 



RECOGNITION OF DYES ON VEGETABLE FIBRES. 

TABLE IX.— RED COLOURS. 
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DYESTUFFS, IDENTIFICATION OF, ON FABRICS. 


"■si 


P5 

a 

IS 



Colour stripped by 
formic acid. A1 lu 
ash:— Anthracene 
Mordant dyestuff 


l°IL a 

iSli!, 

|8x)S w .^ 

I* 85*1 

?Sl|gJ 

lip! 

IColour changed to greenish yellow 
(not restored to original colour 
by air), which can be dlazotlsed 
and developed rod with hotanapii- 
I thol : -Prlmullne Azo colour 

b a o 
g o c CJ£ « 

if 8 

o m 3 a 
f 1-2 "tig 

s'ssSls 

a «xj 

Ss2J=1g 


, H^S is evolved — 
Sulphide dyestuff 


§*1 

g:« 

iff 

T5 J.’C* 

111 

in 


it 

(ii. 

NS o a 

s% 

4> • £>: 

|g a ' 

£3 


f’gj'O 

III! 


Cr or Cu present 
Azo Salt dye- 
stuff after- 
treated 


No Cr or Cu 
present . — Azo 

Salt dyestuif 


4131 

si|n3 

tl-sSoi 

ft^i 

« c#t| 3 

i htH 

«!fl 

* it 


Wool decolourisod 
Colour not restored 
by air or by persul- 
phate Azo class 

Wool decolourised. 
Colour docs not re- 
turn on exposure to 
air, but is restored 
by persulphate 
Trlphenyl- 
methane ela»s 


Wool decolourised. 
Colour returns on 
exposure to air : — 

Azine class * 


2 a -a a 

•a«2g|M 

ilif 


Wool not 
decolourised 
Pyrone class 

Decolourised. 
Colour not restored 
by air or persul- 
phate Azo class 


Algole red B, indanthrene red, indanthrene 
claret, ciba scarlet G. 


Alizarin, purpurines or alizarin maroon on Cr 
mordant. 


Turkey rod, alizarin red, alizarin pink, 
alizarin maroon. 


Primulino developed with betanaplithol or 
with R-salt. 


No HgS Is evolved. ' 

lied vapours on i e , 
heutlng : — Indlgoid ^ 
vat dyestuif 


Algole red 5G and scarlet G, algole pink R, 
ciba red G and scarlet G, ciba Bordeaux B, 
kelmdono red B and 3B, helindone scarlet S, 
helmdono fast scarlet R, thioindigo red B, 
tlnoindigo scarlet, vat red. 


£ Tlnogene rubino, &c. 


The colour is not 
stripped Cr in j 
ash:— Mordant i 
Azo dyestuif 


The colour is 
stripped —In- < 
soluble Azo colour 


Cliromo red, brilliant chrome red, chrome 
bordeaux, &c. 


Parani tramline red, alplianaphthylamine 
Bordeaux, ehloramsidino pink, mtroanisidine 
pmk, scarlet and reds from nnphtkol AC. 


Diamine fast red F, &c. 


Benzopurpurine, dianiino scarlets, diamine 
reds, bonzo fast scarlets, diazo brilliant 
scarlet, rosanthrenes, Zambesi red, erica, 
diamine rose, geranino, rosoplienine, &c. 


Janus red. 


Magenta, fuchsine, new fuchsine, isorubihe, 
cerise, grenadine, &c. t 


SafraninoH, rhodulino rods and pink, azine 
scarlet, mduline scarlet, neutral red, &c. 


Rhodamines, rhodines, irisamine, anisoline, 
rosazein, rhoduline pink, acridine reds, &c. 


Croeein scarlets, brilliant croceines, Palatine 
scarlet, fast reds, &c. 


1 Not 
decolourised 
Pyrone class 


, Eosines, phloxine, erythrosine, rose bengal, &o. 





Ui 


Indanthrene violet or violanthre^. 



’l-eg* 8 


S £' 


Is 5 


5 *£ w P* CO 
0 — rtT3« 

fc-g-S. 

® 2 cjH' 


Cr Is absent.. 
Coloured 
| « % vapours on I 
■P o heating : — Indi-! 
>Q gold dyestuff 
Z g 1 Cr Is present. 

" — 1 No coloured 
I ; vapours on 
W « heating : — Mor- ' r 
o-g dant Oxazlne 
Ifcfi dyestuff (not 1 
falllngingroup7) 

H is evolved : — 
Sulphide dyestuff 
! The colour Is! 
o— ! not stripped 
fl 5fl Cr present. In 
J£ m ^ nsh: -Mor- 1 
,b X\ dant Azo 
1 5 'g S 1 _dyestulf 
8 §;js I The colour 
bCc! is stripped 
Insoluble 
Azo colour 

Colour destroyed, 
giving yellow solu- 
tion. Fe present, 
in ash: — Alizarin 
red on Fe mor- 

_ dant 

I Cr or Cu 
[present:- -Azo 
iSalt dyestuff 
[afte r-tre ated 
No Cr or Cu 
present • — 

Azo Salt 


Gal loin, alizarin violet, alizarin claret, 
alizarin cyclamine, alizarin red on Or mordant. 

Oiba violet, ciba heliotrope, thioindigo violet, 
helindone violet. 


Gallocyanino, modem violet, ultra violet, 
coreine, Ac. 


PS 


:2 b . P 


Thiogeno violet, katigeno violet, hydrone 
violet, &e. m 


2 Chrome bordeaux, chrome prune, &c. 


Benzidine pnee. 


2 Alizarin purple. 


The undermentioned (col. 9) coppered 
chromed. 


dyestuff^ 


Violets of the diamine, benzo, Congo, Hessian, 
Columbia, ohlorazol, chlorantine, dianil, 
oxamme, and rosanthrene sc ries. 


Sl|f« 

■^SSsi 

J 

kl 3 

hs ^5 ©-s 

! |^8*| 

is ?! 2 

lip! 
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Decolourised 
only slowly. Col- 
our does not ro- 
. turn In air, but Is 
j restored by ner- 
sulphate: — Trl- 
9 2 iphenylmethane 

I|Sb|!L 

M +* -■ i Decolourised. 
Colour returns 
on exposure to 
air :-~Oxazine 
, class 
[Decolourised. Colour 
Is not. restored by 
air or persul- 
phate Azo 

class I 

I Decolourised. Colour| 
does not return In 
1 air, but Is restored 
by persulphate : — 
Tpiphenyl- 
methane class 
Decolourised. Colour 
returns on exposure 
to air Azlne 
(Oxazlne or 
Thlazlne) cla ss 
Not decolourised : — 
Pyrone c lass 


Chrome violet. 


Gallocyanine, modern violet, ultra violet, 
coreine, prune, &c. 


Janus claret rod, &c. 


“pm 

Is! 


Methyl violets, otliyl violet, benzyl violet, 
crystal violet, &c. 


Methylene violet, rhoduline violet, iris violet, 
neutral violet, tannin heliotrope, &o. 


« * Anisoline. 


The amraonlacal I 
solution Is colour- 
| less, but becomes 
blue on 
acidifying 


Acid # violets,|ormyl violets, alkali violet, 
guinea violet, &c. ^ 


Red shades of soluble and 1 alkali blues. 



RECOGNITION OF DYES ON VEGETABLE FIBRES 


DYESTUFFS, IDENTIFICATION OF, ON FABRICS. 


SMsSS 

M| 5 S ^8 

1 Hi- if* 

§ |-3-Sr SI 

2 ® ® 

If&pi 

t* o+3 5,(3 oo 

2 5 ' 

C 0 ®*rj3 - 

3 defers . 


Or absent :-— 

Anthracene vat 2 Indanthrene blues, algole blues, 
dyestuff 


» fl Hh r -— aThdHm r- Alizarin blue, alizarin cyanines or 

= Sh dyestuff on Cr anthracene blues on Or mordant. 

-J-*-' ^ A Hzari n°dye-~ ® Alizarin cyanines or anthracene blues on A1 

stuff on A1 rH mordant, erganono blues. 


Colour changed to greenish-yellow, 
which can be dlftZotisod and developed 
with betanaphthol • — 
Prlmullne azo colour 
j , No coloured vapour. 

2 g jc k « - v ! Cr in ash Mor- 
t.i! dant thiazine or 

a) 15 ?-? oxazlne (not falling 
N *+' in group 0) 

j jg .2 

Violet. vapours 

3 £ 3 Hcjg r '9uh ; evolved :■ -Indigoid 
«£®® e>rt dyestuff 


Pnmulino developed with naphthylamine ether. 


Brilliant alizarin blue, gallocyanine, gallamine 
blue, prune, celestine blue, delphine blue, &c. 

Indigo (natural and synthetic), indigo MLB 
2B, 4B, 5B, OB, and T, ciba bluo, bromindigo 
.KB. 


II 2 S Is evolved : — 

Sulphide dyestuff 


"OS 0 . = The wlilte cotton Is not, 

■2 0 S a 3 2 ts 5 stninod . Colour is stripped 
i&S g g 1 m 3 $ by boiling pyridine - 

§ES Insoluble azo colour 


Bluos of the immedial, katigene, thiogono, 
pyrogene, qulphur, &e., senes, hydrone blues. 


Dianisidinc blue, blue from naphthol AC. 


1 IM* ctao-l 9*3 go Cr or Cu present 
3 r3-U S3?o-C 1 A 7n suit dvnsti 


EgS I? I 3S I’gfco 
11 1 Ils'Sl lf§| 

: 1S2 I 2 - & 


Azo salt dyestuff 
after-treated 


No Cr or Cu 
present • — Azo salt 
dyestuff 


The undermentioned (eol. 8) coppered or 
chromed. 


Blues of the diamine, benzo, Congo, Columbia, 
chlorazol, dianil, oxamino, Chicago, &c., series. 


s.S m slowly. Colour 

_ T 5 ’ <* *« £ «> restored only by 

3 3 -So? persulphate 

Triphenyl- 

*,o ° « !&g 6^§3 methan e cl ass 

S’?, °(dt< Decolourised. 

.? 3 ® £s,2£“b Colour returns on 

: H 1 « S ? exposure to air 

° J Oxazlne class 

jgfltsS y Decolourised. Colour 

S, p.S'S -g 3 does not rptum on ex - 
o« g> b+j posuro to air, but is 
3 7 « ®’5 restored by per- 

3 2 « o & £ 3 ., sulphate Triphenyl- 

>y|;&S« _ methane £ lass 

2 3 "2 Colour changes to red 
^2— 2§ mg-- just before being de- 
fusin' 0 l — o. colourised. Colour 

3 mdq u, 2 •83 returns violet or blue : 

' * I ° S % * § Safpanlne azo 

= 1=11 |s| fiaesff 

3«o3g I*. 

Ip’S go v’S' 3 Decolourised. Colour 

5 S 3 2 ® S returns on exposure to 

so® a 2 air Azine, Oxazlne, 
h g -g H or Thiazine class 

Jz; 

— « 

The extract Is colourless and 
£ remains so on acidification. • 

j FoCI s gives a blue precipitate 


,2 •■■gJ The extract is coleurfess, bgt becomes 
83 oS blue on acidification. Transferred 
« to wool, the blue is decolourised hi- 

fi r hydrostrtphlte A, and restored by 

•g g . persulphate:— 

Trlphenylmethane class 


Gallocyanine, gallamino blue, celestine blue, 
prune, eoroinc, ultracyanine, modern cyanine, &c. 


Victoria blue, night blue, turquoise blue, 
setooyanine, &c. 


Tndoine bluo, Janus blue, naphthindone blue, 
diazino blue, &c. 


Methylene blue, Nile blue, Capri blue, 
indazine, Basle blue, Moldola’s blue, fast blue, 
cresyl blue, rhoduline blue, nitroso blue, &c. 


Prussian blue. 

Alkali blues, soluble blues, chlorazol brilliant 
blue, isamine blue, betamine blue, brilliant 
dianil blue, brilliant sky blue. 



RECOGNITION OF DYES ON VEGETABLE FIBRES. 
TABLE xn.— GREEN COLOURS. 


m, as rimm: 

Is Ciba green, helindone green. 


Reduced colour Is blue. 
Green shade restored by air | 


Algole green. 


g e\3 S Reduced colour Is dark 

2 £■£ t» maroon. Green shade \ 

. ^< va restored by air 

SS l 

i Reduced colour Is brownish- 

3 q os* olive. II a S evolved on apply- ! 

-o ~ Ing load acetate test 

! ^ o | a «3 Colour of fibre rather 
! |5jSa4jpgo paler, solution | 
1 u’S J £ tl’S sJ S?T! brownish-yellow 

I - - - - 

i "SI oZ Colour of fibre be I 

j wH‘- 3 'OC 5 1, ^w comes grev, solution 
> (g | gaj rod. Ni in ash | 

j SiJo-opaM'C ■ "T 

j 5 Colour unaffected. 

I .2 So West'S Solution colourless. 

’ m 8 c <° £ « Cr in ash i 

^ g ® . !_ 

f 3 g a Reduced colour is brownish* 
i rod. Green restored bv per- 

5 2 jP* sulphate, but not by air. 
a H Rolling HC1 (1 20) gives 

5 bright, green solution 

i dp® No HiS Is evolved •— 

® SSPCT.’dS Mordant Oxazlne (or 

a |i«3jg^S . Th,azlne) 

I 2o|"|sS| H*H Is evolved 

g, Sulphide dyestuff 

| The colour Is changed to greenish yellow, 

| not restored to green l>y air, which can 
j he dlazotised and developed red with 
3 hetanaphthol : — Prlmulfne Azo class 


Indanthrene green or viridanthrene, loucole 
dark green B. 

Indanthrene olive or olivanthrc.ie. 
Cceruloine, anthracene green. 

Alizarin green S on Ni-Mg mordant. 
Alizarin green S on Cr mordant. 


Alizarin viridine, brilliant alizarin viridine, 
alizarin cyanine green. 


3 Gallanilie green, indalizarine, &o. 

Greens of the immedial, katigono, thiogone, 
3 pyrogone, cross-dye, sulphur, and thionol 
series. 

0 Primulino developed with amidodiphenyl- 


£ ft c . • Not. decolourised. 

** "zs 3’ 3 i-i Cr Is present. In the ^ 

3 3 *3° 3 sSftfU ash: -Mordant 05 

5 k §2 m a ®3-s«S Azo dyestuff 

•a h p, t* * 5 4- • • 

0 n ol^o 2 SEo h Colour destroyed. 

« '3 Pe is present, in 

a * the ash:- 00 

J % -gnoSS Nltroso class 

£ 5 fl . Cr or Cu present : 

=j o $*;t;® § 3 Ita* —Azo Salt ^ 

* ® IS IS hl% 

-o § § ®3 ^a’l'd J « CrandCu 
ft Os'?! absent:— « 

B 8 r £.2 *3° Azo Salt 

5 h «» dyestuff 

■g *- Precipitated. Cr in ash. Fibre 

P -d u decolourised by hydrosulphite 

£ i.-S*aG_ J BX, the wlour not returning in 
b oo3 i 3 T 3 *5 in air, but restored by por- 

5 JsJt'eMS sulphate Triphenyl- 

g 1 . 1 J methane class 

2 fi-g osh 1 ' . Decolourised. Colour does 

H not. return on exposure 

to air, but is restored 

0 8 S n^?3i 03 & by persulphate : — Trl- 

phenylmethane class 

38.2 I ® §5 ®P oi. Colour becomes red Just 
o/S* §•? a I 35 before being decolourised. 

| 3 j**' o' •dijS Colour returns violet or ^ 
5-2!3 §® i 3 3 '2, green on exposure to 

-3 2-« atr Safranlne Azo 

1 alii IN — 

o.S-2'S® o Sk-*^ Decolourised. Colour 
ISISS ^3© returns on exposure to 
t air:— Azlne, Oxazlne, 

^ fc or Thlazine class 

' The colour is stripped : — Acid dyestuff. I 
The colour transferred to wool is decolourised _ 


Diamond green, &e. 


Russian green, fast green 0, steam green, 
Alsace green, gambines, dioxine, &c. 


The undermentioned (col. 6) coppered or 
chromed. 

Diamine green, benzo green. Columbia green, 
chloramine green, &c. 


Brilliant green, malachite green, methyl 
green, Victoria green, setoglaueine, new 
fast green, &c. 


Janus green, diazine green, &o. 


Fast green M, methylene green, azine green, 
Capri ^reeiG &J). 

” ‘ 5 

Acid greens, guinea green, Neptune green, 
naphtnalene green, agabne, green, 



RECOGNITION OF DYES ON VEGETABLE FIBRES 


DYESTUFFS, IDENTIFICATION OF, ON FABRICS* 


S3 


8* 

*| 

3* 


o: s 

■S*-* 

*3 

□ 

P 


Cr and Cu absent 
Anthracene vat 
dyestuff, Ac. 


a .2 

ih 

o © » 


Indanthrene maroon, algole brown, leuoolo 
browns, cibanone brown, paramine brown 
(p-phenylene diamine oxidised on fibre). 


2 Cutch. 


a? 

* a J8 
£© o 


Completely 

stripped 


m Alizarin orange on Cr mordant, alizarin red 
or purpurin on Cr. 


Anthragallol, anthracene brown, alizarin' 
brown. 


IlaS Is evolved 
Sulphide dyestuff 


Decolourised and original colour 
restored by air Indigoid class 


* Immcdial cutch, cross -dye brown, katigene 
I browns, pyrogonc browns, thiogfcnc browns, Ac. 

Helindonc brown 0, ciba brown, 
thioindigo brown. 


The shade is changed to greenish I 
yellow, which can be diazotised j 
and developed red with beta- ! 
naphthol Prlmuline azo-colour j 


Primulinc developed with motaphenylene 
diamine, terra-cotta, Ac. 


& . 2 

fSM 

b 4> 

583=2 

H <o p a 

1||I 


i J. 3 

Sgisi 


o 9 
*8 


Iron buff, khaki (oxides of Cr and Fe). 


I 


8||S 

lies 

ell 


Cr or Cu 
present : — Azo 
salt dyestuff 
after-treated 


Cr and Cu 
absent : — Azo 

salt dyestuff 


r ~ Manganese bronze. 


Paranitraniline cutch (para red coppered). 


Para brown (chrysoidine acid paranitraniline), 
benzidine or toludine brown. 


The undermentioned (col. 3) coppered or 
chromed. 


The colour Is stripped, giving add 
extract whlch'la precipitated by tiumln 
solution Basic dyestuff. The 
dyestuff transferred to wool lg 
permanently decolourised by hydro- 
sulphite AX Azo class 


Browns of the diamine, benzo, Congo, 
dianil, chlorazol, Columbia, Hessian, oxamine, 
and toluyleno series, r 


Bismarck brown, Janus brown, tannin 
brown, Ac. 


The colour is stripped :^-Acid dyestuff. 
Transferred to wool It Is permanently 
aeoolourlsed by hydrosulphite AX 
Azo class 


Fast brown, naphtbylamine brown, acid 
brown, Ac, 



WYFSTUM, IDENTIFICATION OF, ON'FABKJCS; 


CQ 

w 

« 


o 

o- 

© 

S 

Ph 


P'S 



Cr absent : — 
Anthracene 
vat dyestuff 


Cr present : — 

Anthracene 
oom H mordant 
o c s j dyestuff 


Indanthrene ffroy, indanthrene black, 
cibanone black, helindone black. 


Alizarin cyanine black, alizarin blue 
black B. 


'['he reduced colour is brown. 
Only slowly and impertectly 
restored to black by air, but 
at once by persulphate. Cr] 
present, in ash . — Naptha- 
lene mordant dyestuff 


|NolI a Sisevolved 
Fibre becomes 
reddish-brown 
on boding with 
bleaching powder 
; solution 5° Tw.- — 
An oxidation 
black 


■e O n 

fills 

l|Tll 

h|| 


HoS is evolved. 
Fibre becomes 
; >, a *Z coiouilcHs or pule 
• gg’lg-a 1 buff on boiling 
! |•5p.BN a i with bleaching 
1 8 g £ ee*' : powder solution 

r>° Tw — Sul- 
p-" ° phide dyestuff 

Decolouil^d and colour re- 
stored by air Gives violet 
vnpouis on heating m dry 
tube Indigoid dyestuff 
. ± « 1 I'he white cotton is 
|not. stained. Oolom 
is stripped by boil- 1 
ing pvildiue — 
Insoluble azo 
colour | 
m j Cr or Cu j 
| present — 
g « s Azo salt 
I dyestuff; 


Naphthazarine S, alizarin black S, alizarin 
blue black 8W, napbthomelane. 


Aged-aniline black, Prussiate black, 
one-bath aniline black, steam aniline black, 
diphenyl black. 


Blacks of the immodial, kat.igeno, cross-dye, 
pyrogene, thiogenc, thionol, pyrol, 
sulphur, &c., series. 




ow c 


S 

’Su’Sp 


o V t> Ct 

a> 9 O g 

a I 2 

&8gSjg 

IS a 

55 

SfSo'S 

£ 


© Ciba grey G and B. 


Azophor black, &c. 


8h e 


after- 

treated 

Cr and Cn j 
absent. • — ! 

Azo salt 
dyestuff 


Colour becomes red i 
just, bpfore being dc-j 
colourlsed Violet. | 
|or violet- blue colour 1 « 
returns In air | 
Safranine azo 
class. 

Decolourised. 
Colour returns on 
exposure to air . — 

Azlne, Oxazine, 
or Thlaztne 
class. 


The undermentioned (col. 7) coppered or 
chromed. 


Blacks of the diamine, oxydiamine, 
Columbia, dianil, Pluto, &c., series. AIbo 
diaminogcn, <liazo blacks, &c. (developed 
or coupled). 


Janus black, Janus grey, diazine grey. 


Mefhyleno grey, new methylene grey, new 
fast grey, mgrisine, &c. 


Solution red. Cr in ash 


Logwood black on chrome mordant, 
noir reduit 


Solution orange. Fe In ash 


Fibre and solution colourless 


« Logwood black on iron mordant. 
I <n* Tannate of iron. 


The colour Is stripped Acid dyestuff. 
The dyeBtuff transferred to wool and boiled 
with hydrosulphlte AX is permanently 
decolourised Azo class. 


• Naphthol blacks, naphthylamidb blacks, 
rH Palatine black, &c. 

2 R 


Vot. II -T. 
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edition qf Vogel’s ‘Practische Spectralanalyse 
irdischer Stoffe ’ (1889), charts were given of the 
absorption bands of various dyestuff solutions. 
This work was greatly extended in ‘ Formfmek’s 
Spectralanalytischer Nachweis Kiinstlicher 
organischen Farbstoffe’ (1900), which contains 
a systematic scheme for the spectroscopic iden- 
tification of upward of 350 distinct dyestuffs. 
In a later publication (1905) entitled ‘ Qualitative 
Spectralanalyse anorganischen und organischen 
Korper,’ Forinknek has extended his data to 
include the natural colouring matters, and, in 
conjunction with E. Grandmougin, has re- 
published his tables as * Untersuehung und 
Nachweis organischen Farbstoffe auf spectro- 
scopischen Wege.’ 

The value of spectroscopic tests for the 
identification of dyestuffs on the fibre is limited 
to those dyosluiTs which can lie removed without 
change by suitable solvents. 

Spectroscopic examination of dyod fibres has 
not yielded useful results. W. M. G. 

Note. — Green’s scheme of identification of 
dyes and the annexed Tables are printed by 
permission of Prof. A. G. Green and Messrs. 
Chas. Griffin & Go., Ltd 

DYER’S BROOM, Genista Imcloria (Linn.) 
{Dyer's broom, Dyer's greenweed ; Gemt, Gene - 
strole, Trent and Fr. ; Gt aster, Ger ) is found m 
the pastures, thickets, and waste places through- 
out Central and Southern Europe, across Russian 
Asia to the Baikal, and northward to Southern 
Sweden. It is frequent in the greater part of 
England, but rare in Ireland and Scotland. 
The fact that it contains a yellow colourtng 
matter is recorded by numerous writers, and 
the following embody the principal references to 
the dyeing and general properties of the plant : 
Bancroft (Philosophy of Permanent Colours, 
1813, 2, 108) ; Gmelin (Handbook of Chemistry, 
16, 517) ; Berthollet (On Dyeing, 1824, 2, 242) ; 
Gonfreville (L’Art de la Teinturo des Lames, 
501 ) ; Leuchs (Farben u. Farbekunde, 1846, 2, 
309), and Schutzenbcrger (Traite des Matieres 
Color antes, 1867, 4, 422). 

To isolate the colouring matters, a hot 
aqueous extract of the plant is treated with lead 
acetate solution, and the pale yellow viscous 
precipitate is collected and decomposed by 
means of boiling dilute sulphuric acid. The 
dear liquid decanted from the lead sulphate 
deposits on oooling a dull yollow powder ; this 
is filtered off, dissolved in a little alcohol, and 
the solution poured into a large volume of 
ether, causing the separation of a dark-coloured 
resinous impurity. The clear liquid is evapor- 
ated, yieldmg a yellow crystalline residue, 
which oonsists of two substances. To separate 
these, advantage is taken of the fact that, with 
sulphuric acid in the presence of acetic acid, 
one only of these compounds gives an insoluble 
sulphate. This is collected and decomposed 
witn water and the product crystallised from 
dilute alcohol. It is obtained as yellow needles, 
and was found to be identical with the luteolin 
of weld {Reseda luteola) (Perkin and Newbury, 
Chem. Soo. Trans. 1899, 75, 830). 

Genistein C 14 H 10 O 6 , the second colouiilig 
matter of dyer’s broom, is present in the mother 
liquors obtained during the pijriffcatictfi of the 
luteolin, andtaleo in considerable quantity in the 
filtrate from the lead precipitate, from which 


it is most leadily isolated. To the boilihg 
liquid ammonia is added, causing the separation 
of a lemon-yellow precipitate, which is collected 
and decomposed with boiling dilute sulphuric 
acid. The clear liquid is extracted with ether, 
aiyl the extract evaporated, leaving a brownish 
crystalline mass. It is purified by crystallisation 
from 'acetic acid, and by conversion into the 
acetyl derivative. 

Genistcin crystallisos in long colourless 
needles ; m.p. 291°-293° (Perkin and Horsfall, 
Chem. Soo. Trans. 1900, 77, 1312); soluble in 
alkalis with a pale yellow colouration. Alcoholic 
ferric chloride gives a dull-red violet colouration, 
and alcoholic basic lead acetate a lemon-yellow 
precipitate. 

Tnacdylgenislnn Ci4H,0.(C J H 3 0) 3 , colour- 
less needles, m.p. 197°-201 , and teirabrom- 
gemstein Gi 4 H e Br 4 0 5 , colourless needles, m.p. 
above 290°, have been described. 

On digestion with boiling 50 p.c. potassium 
hydroxide, gemstein gives phloroglucinol and 
p - h ydroxyph enylacetir acid. 

By methylation with methyl iodide in tho 
usual manner, gemstein dimethyl ether and 
mothylgenistcin dimethyl ether are produced. 

Gemstein dimethyl ether C 14 Il 8 0 3 (0CH a ) 2 
forms colourless leaflets, melts at 137°-139°, and 
gives the monacetyl compound 

C 14 H 7 O 3 (C 2 H s ())(O0H 3 ) 2 
minute colourless needles, m.p. 202°-204°. 
When decomposed with alcoholic potash, it 
forms methoxyph e,n placet i c ac{d and phloroglucinol - 
monomethyl ether (identified by means of its 
dieazobenzene derivative). 

Methylgenistein dimethyl ether 

CH 3 -C 14 H 7 0 3 (0CH 3 ) 2 
melts at 202° ; and the acetyl derivative 
OH3-C 14 H fl O 3 (C,H 3 O)(O0H 3 ) 2 
forms colourless needles, m.p. 212°-214°. With 
alcoholic potash it gives methoxyphenylacetic 
acid and probably mcthylphloroglucind-mono • 
methyl ether. 

Genistcin diethyl ether C 14 H 8 0 8 (0C 2 H|j) 2 
forms colourless needles, m.p. 132°- 134® ; 
whereas acetylgemstem diethyl ether 
C 14 H 7 0 3 (C 2 H 3 0)(0C 2 H 5 ) 2 
melts at 168 n -170°. Alcoholic potash gives 
p-ethoxyphenylacetic acid. 

According to Perkin and Horsfall, genistein 
may be a trihydroxyphenyUcetocumaran — 



Genistein is a feeble colouring matter, and 
upon woollen cloth giyes; with chromium 
mordant, a pale greenish-yellow ; with alumin- 
ium mordant, a very pale yellow ; and with 
iron mordant, a chocolate- brown shade. 

Dyeing Properties of Dyer's Broom. — In this 
respect there is a close resemblance between 
dyer’s broom and weld. The dyeing power of 
the former is distinctly the weaker of the 
two ; otherwise the only point of difference 
worthy of mention is that shown by the iron 
mordant, which, in the case of dyer’s broom, 
gives a duller and more drab-coloured shade. 
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Luteolin is also present in the Digitalis purpurea 
(digito-flavone) (Fleischer and Fromm, Ber. 
1899 , 82 , 1184; v, Kostanecki and Diller, ibid. 
1901 , 34 , 3577 ), and in the flowers of Antirrhinum 
majus (Wheldale and Bassett, Bio-Chem. J. l.e.). 

A. G. P. 

DYMAL. Trade name for 4 didymium ’ 
salioylate [Nd Pr]*(C„H 4 (OH)*COJ 3 . A reddish- 
white substance, used as a dusting powder, 
having non-irritant and antiseptic properties. 

DYNAMAGNrt'E, DYNAMITE v. Explosives. 

DYSANALYTE. A cubic or pseudo-cubic 
mineral consisting of titano-coiuinbato of 
calcium with some ferrous oxide, cerium earths 
(up to 5 p.c.), and sodium. The amount of 
CbjjOj given in various analyses ranges from 
nil to 26 p.c., arid the mineral has some turn's 
been asserted to be identical with perofskite 
(CaTiO,,) ; the difficulties presented in the 
analysis of this mineral arc, however, implied 
by its name, from Sv<ravd\vTos t ‘ hard to undo ‘ 
It occurs as small black cubes in contact-meta- 
morphic Jiuestono at S as bach in the Kaiserstuhl 
Mountains, Baden, and m inetamorphic sand- 
stone at Magnet Cove, Arkansas. L. J. S. 

DYSCRASITE (antimomal silver). Anti- 
monidc of silver Ag„Sb (Ag 84-3 p e.) to Ag 3 Sb 
(Ag 72*9 p.c.), occurring as silver-white masses 
with metallic lustre, but often with a tlull 
yellowish or black tarnish. % The material is 
sectile ■ H. ~3|-4. Orthorhombic crystals, 
twinned to simulate hexagonal forms, arc rare 
and not distinctly developed. According to 
T. Liebisch (191()f, two compounds are repre- 
sented, namely, cubic Ag fl Sb, with sp.gr. 10 05, 
and orthorhombic Ag : ,Sb, with sp gr. 9 03-9*82. 
The mineral is found m silver mines at Wolfach 
in Baden (where it is the chief ore), Andreas berg 
in the Harz, Allemont m France, and the 
Cobalt district in Ontario. L. J. S. 

DYSODILE. A soft laminated carbonaceous 
substance of a yellowish -grey or green colour 
burning with a luminous flame, and a smell 
resembling that of burning caoutchouc. Found 
in Sicily and in Bavaria (Fricklingcr, Jahrb. 
Min. 1875, 760 ; also Church, (diem! News, 34, 
158; Potonie, Chein. Zentr. 1907, ii. 555).- 

DYSPROSIUM. Sym. I)y. At. wt. 162*5 
(162*52 Kremors, Hopkins, and Engle, J. Amer. 


Chem. Soo. 1918, 40, 598) (Urbain and Demeni- 
troux, Compt. rend. 1906, 143, 698 ; Hinrichs, 
ibid. 1143). From erbia — one of the fractions 
obtained from ytterbite — Cleve separated an 
earth which he called ‘ holmia ’ ; and from this 
material Lecoq de Boisbaudran isolated a 
simpler constituent, dysprosia, characterised by 
a well-marked absorption spectrum showing 
bands in the ultra-violet as well as in tho visible 
region of the spectrum (Compt. rend. 1886, 102, 
100). 'Phis oxide, one of the most basic con- 
stituents of holmia, was concentrated by pre^ 
cipitations with potassium sulphate ana am- 
monia. Further fractionation of the nitrates 
and double nitrates gave a product rich in 
terbium and dysprosium (Urbain, Compt. rend. 
1904, 139, 736; 1905, 141, 521). The latter is 
separated from terbium by fractional crystallisa- 
tion of the ethyl sulphates, terbium and yttrium 
being concentrated in the least soluble fraction, 
whilst dysprosium accumulates in the middle 
fraction (Urbain, Ann. Chim. Phys. 1900, [7] 
19, 184 : Compt. rend. 1906, 142, 785). • 

Dysprosium material of very high purity 
may lie obtained by fractional crystallisation of 
tho rare-earth bromates, followed by fractional 
crystallisation of the cthfi sulphates (Engle and 
Balke). 

Dysprosium is separated from yttrium by 
crystallisation of the nitrate with the addition 
of bismuth nitrate. 

Dysprosium forms a white oxide Dy 2 0 8 , but 
no peroxide. Its salts have a faint greenish- 
yellow tint: chloride DyCl 3 ,0H 2 () ; nitrate 
Dy(N0 il ) 3 ,5ll !! 0, melting at 88° in its water of 
crystallisation, very similar to bismuth nitrate 
(Urbain and Jantsch, Compt. rend. 1908. 146, 
127); sulphate Dy 2 (S() 4 ) v 8H 2 (), brilliant 
yellowish crystals, stable at 110 l> , and com- 
pletely dehydrated at 360°. For other salts, v. 
Jantsch and Old, Ber. 1911, 44, 1274. 

Dysprosium stands first in the list of para- 
jnagnetic elements, its oxide Dy ,O a being 12*8 
times more magnetic than ferric oxide. The 
high values for tho magnetic susceptibility of 
the rare earths (yttria, erbia, &c.) fractionated 
by (dove and Nilson are probably due to the 
presence of dysprosium (Urbain, Compt. rend. 
1908, 146, 922). G. T. M. 
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EARTHNUT OIL v. Arachis oil. 

EAU DE C0L0.GNE v . Perfumes. 

EAU DE JAVEfiLE. Solution of sodium 
hypochlorite (v. Bleach liquor, art. Chlorine). 

EAU DE LUGE. Aqua lucuz. A milky 
liquid containing oil of amber, alcohol, and am- 
monia (v. Amber, Oil of). 

EBONITE.* Sulphurised caoutchouc (v. 
Rubber). 

EBULLIOSCOPE. An instrument for deter- 
mining the strength of spirits of wine by means 
of ite boiling-point. 

EC BO LINE v . Ergot. 

BOCAINE. N - benzoylhy droxypropylno vec - 


gonidene ester. A compound allied to cocaine 
and of the structure 

CH 2 *CH — CH*C0 2 Et 


I I II 

# CH,*CH — CH 

\ crystalline base, more active than cocaine in 
lte anaesthetic properties, is non-toxic and can be 
readily sterilised (Braun and Muller, Ber. 1918, 
235 ; Cllem. W<*ke Grenzbach, D. R. P. 301 139), 
• ECGONINE v. Cocaine and mi Coca Alka- 
loids. 
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ECHITAMINE, ECHITENINE v. Dita Bark. 
ECHUJIIN v. Digitalis. 

E. C. POWDER v. Explosives. 

EDESTIN. A crystalline proteid substaneo 
found in the seeds of hemp, sunflower, and 
castor-bean, capable of uniting with acids to 
form salts (Osborne, J. Amor. Chem. Soc. 24, 39). 

EDIBLE OILS AND FATS. Under this term 
are comprised those oils and fats which serve 
as food. Most of the edible oils and fats, Bueh 
as olive oil, cod liver oil, Buet, lard, butter-fat, 
cacao butter, goose fat, &e , are immediately fit 
for consumption, if ‘ rendered ’ with sufficient 
care. JHence they rarely need undergo a 
process of technical purification, except simple 
filtration, before they are placed on the market. 
This applies, however, only to the freshly 
first ’) rendered products, as contact with 

{ mtresciblo organic matter rapidly eausos 
lydrolysis of tho oils and fats, so that, e.g , lard 
or olive oil which has beon allowod to remain m 
contact for some little time with the organic 
tissufts from which they have been derived, 
readily become rancid, and therefore unfit for 
food m their original state This applies with 
especial force to cod liver oil. 

The large demand made on the market by 
the rapidlv growing consumption of oils and 
fats has, however, led to tho employment of 
second and even third ‘ renderings, in the case 
of animal fats, and second or third ‘ expres- 
sions 1 in the case, of vegetable oils and fats. 
Such products contain, as ft rule, notablo 
amounts of free fatty acids, and small quantities 
of extractive substances, all of which must be 
removed before tho oils and fats become suitable 
for food purposes. The piocesses applied to 
the purification and decolonisation are treated 
as deep secrets. It may, however, bo stated 
that most of the processes are based on physical 
methods of refining (see Oils and fats). 

Chemicals involving the use of mineral acids 
must be altogether excluded from the purview, 
of the refiner, since tho mineral acids, however 
carefully they may be removod by subsequent 
washing, impart an objectionable flavour to tho 
products, thus rendering them useless for 
edible purposes. Alkalis or alkaline earths are 
not so objectionable, and are, therefore, used 
commercially for the removal of free fatty aculs. 
(A notable example of this kind is furnished by 
the usual method ot refining cotton-seed oil.) 
The alkalis and alkaline salts chiefly employed 
in practice are caustio soda, sodium carbonate, 
sodium silicate,”: lime, and f magnesia. Baryta 
, has also been proposed (and patented), but its 
poisonous properties would prohibit its use. 

Whereas all animal oils and fats, when 
freshly prepared, are suitable for food, this holds 
good "only in a somewhat restricted senso of 
vegetable oils and fats. If the vegetable oils 
and fats are free from objectionable substances 
they may hold in solution or may have dissolved 
from the vegetable matter from which they have 
been obtained by expression or boiling out, 
they are suitable for edible purposes, find are 
so used to a very considerable extent. », 

We know, however, a number of oils which 
contain non-fatty toxic or injurioii/ substances, 
such as tuna oil, calophyllunroil, curcas oil, 
croton oil In the case gf castor oil, the fatty 
ftoids themselves are injurious to health ; hence 
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castor oil is unusable as a foodstuff, Experience 
has also shown that the fats belonging to the 
Chaulmoogra group are injurious to health. 
All these oils must, therefore, be excluded from 
the list of edible oils. 

Oils which are regarded as palatable in one 
part of the world are not used as food in other 
parts. Thus, whereas rape oil and linseed oil 
find a ready market for edfiblo purposes in India, 
these oik. are at present usqd in exceptional 
cases only as table oils in Western Europe. 
They are replaced in richer countries by cotton- 
seed oil, sesame oil, arachis oil, poppy -seed oil, 
and olive ml. The increased consumption of 
the available edible oils and fats has created, 
during tho last decades, a new and growing 
industry. 

Amongst tho most important developments 
m this industry is the preparation of coco-nut 
oil and palm -kernel oils for edible purposes 
(see Coco-nut oil and Palm-kernel oil). 
Mixtures ol several edible oils aro now largely 
prepared as ‘ table oils ’ to replaae olive oil. 
Amongst these substitutes the most important 
are : araclns oil, sesam6 oil, cotton-seed oil, 
and to some extent also soya- bean oil. Mixtures 
of edible vegetable and animal oils and fate are 
chiefly represented by the ‘suet substitutes,’ 
which are prepared by mixing tallow with cotton- 
seed oil, and ]>y ‘ lard substitutes,’ which 
represent a mixture of animal fats with cotton- 
seed oil, maize oil, &c. Until a few years ago, 

‘ compound lard ’ contained frequently no lard 
whatever, but, aeeording to* legislation in tho 
United States, 1 lard compounds ’ or ‘ lard 
substitutes ’ must now contain at least 50 p.c. 
of lard (see Lard substitutes). 

Another development of the industry has 
been the introduction of hardened or hydro- 
genated oils, winch are now extensively used 
as constituents of margarine (see Hyrmo- 

GEVATEl) OILS). 

The manufacture and «alo of edible oils and 
fats has assumed such considerable importance 
that legislation has stepped in to protect the 
public against fraudulent practices both as 
rogards the commercial description of a ‘ blended’ 
fat and the absence of injurious substances 
(see Margarine). 

The changes in the character of fats during 
cooking have been described by Masters and 
Smith (Analyst, 1914, 39, 347). J. L. 

EDINOL. Trade name for p-amino-fcaligenin 
hydrochloride. Used as a photographic de- 
veloper. 

EDULCORATION. The act of washing in- 
soluble matter so as to remove any soluble 
impurity. 

EFFLORESCENCE. This term is applied to 
two or throe different phenomena, characterised 
by the formation of a loosb pulverulent deposit 
on the surface of a solid body. 

1. Crystallised salts are said to effloresce 
when they lose their water of crystallisation and 
fall to powder, e.g. normal sodium carbonate, 

2. The formation of a pulverulent crystalline 
deposit on the surface of a porous body, in con- 
sequence of the crystallisation of a salt existing 
in solution within its pores, or formed from 
materials existing therein, is also called efflo- 
rescence ; e.g. the crystallisation of potassium 
nitrate on the surfaoe of the earth or in caves, 
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in India, or on saltpetre plantations ; of sodium 
sulphate and carbonate on walls ; of alum on 
alum-slate ; of ferrous sulphate on iron pyrites, 
&o. In all these cases the solution of the salt 
is drawn by capillary action to the surface of the 
solid body, ana there crystallises in consequence 
of the evaporation of the water. 

3. The terra ‘ efflorescence ’ is likewise applied 
to the effect which sometimes takes place when 
a saline solution i& left to evaporate slowly m an 
open vessel. Ther solid salt separates m den- | 
dntic crystals just where the surface of the liquid ! 
touches the side of the vessel, and the solution, j 
rising by capillarity between these crystals, forms 
a fresh crystallisation just above the first layer ; 
and this process is continually repeated till the 
crystallisation thus formed extends over the 
edge of the vessel, and sometimes down to the 
table on which it stands. {Sal-ammoniac and | 
other ammonia salts often effloresco in tins j 
manner. The effect may bo prevented to a 
certain extent by greasing the edge of the vessel, 
or better, by quickly boiling the solution, or 
evaporating it by heat from ahovo. 

EGG. The egg of the common fowl, Q all us 
Bankiva, consists of four principal parts : tho 
shell; the white ; the yolk or viletlum ; the white 
yolk or germinal cell ; and the membranes 
separating these parts. Tho usual weight of 
an egg is 40-60 grams ; of this the shell and 
shell membrane term 5-8 grams ; the yolk, 
12-18 grams ; and the white, 23- 34 grams. 

The shell has tlie composition : 

Calcium carbonate . . . 89*6 ji.e. 

Phosphates of lime and magnesia 5*7 „ 
Organic matter and sulphur . 4 7 „ 

The colouring matter of egg-shells is a bilo 
pigment (Liebermann, Ber. 11, 606). 

Tho shell membrane, or membrana putanunis 
separating the white from tho shell is double, 
the two parts being in contact over the greater 
part of tho inner surface of the shell, but 
separated by an air-space at the broad end of 
the egg. These membranes are composed of a 
protein substance allied to keratin (Liebermann). 

Abderhalden and Strauss have examined the 
products of hydrolysis of ovokerativ, and find 
them to be, from 100 grams of substance : 

3 ’9 grams glycine; 3-5 grams alanme ; 11 
gram amino- valeric acid ; 7 ’4 grams leucine ; 
4'0 grarqs proline ; 8*1 grams glutamic acid ; 
and 11 gram aspartic acid (Zeitsch. physiol. 
Chem. 1906, 48, 530). 

The white is a faintly yellow albuminous 
fluid enclosed in large cells of thin membrane. 
The fluid has sp.gr. 1*045, and is really mobile, 
though it appe&rs viscous because of its confine- 
ment by the cell walls. It lias an alkaline 
reaction. Kojo (Zeitsch. physiol. Chem. 1911, 
75, 1) gives the following analysis : 

Water 87*71 p.c. 

Ash 0*4 „ 

Oiganio solids . . 1 1 *89 „ 

Total nitrogen . . . 1 *75 „ 

Dextrose . . . 0*55 „ 

The organic solids consist mainly of proteins, 
a small amount of dextrose, and traces of fats, 
lecithin, and cholesterol. Salkowski showed 
that gluoosamine was also present (Biochem. 
Zeitooh. 1911, 32, 335). 


The protein substances of egg white are all 
gluco-proteids, and in their solution and pre- 
cipitation properties are similar to globulins, 
albumins, or proteoses ( v . art. Proteins). 

Ovoglobulin separates from egg white partly 
on dilution with water, and completely if the 
solution be saturated with magnesium sulphate 
or ammonium sulphate. By repeated solution 
in water and reprecipitation, part becomes 
insoluble (Langstein, Hofmeister’B Beitrage, 1), 
and it is probably a mixture of several globulins 
(Corin and Berard, Bull. Acad. Belg. [3] 15, 
643). The globulins form about 6*7 p.c. of the 
total proteids of egg whito (Ddlner, Hammar- 
stein’s Text-book Physiol. Chem. 430). 

Ovalbumin is the chief proteid constituent of 
egg-wlute. It is obtained crystalline by pre- 
cipitating the globulins with ammonium sul- 
phate, as above, and allowing the filtrate to 
evaporate. (For details of methods, see Hof- 
meister, Zeitsch. physiol. Chem. 16, 187 ; Osborne 
and Campbell, J. Amer. Chem. Soc. 1900, 22, 
422 ; Rosenkrantz, J. Russ. Phys. Chem * Soc. 
1906, 38, 2 ; and Mayer, Compt. rend. 1906, 
143, 515.) 

Pure ovalbumin crystallises in large, well- 
formed needles. A 2*5 p.c. solution in water 
becomes turlud at 60°, and at 64° yields a 
flocculent coagulum Tho addition of sodium 
chloride to tho solution laises the tomperatuie 
of coagulation (Osborne and Campbell, lx. ; 
Starke, Pfluger’s Arcluv. 12, 18). 

Tho composition of ovalbumin is : 

, G II N S P O 
j 52*75 7*10 15*51 1*62 0 12 22*90 p.c. 

j (Osborne and Campbell, lx. 441 ; in agreement 
i with Hopkins, J. Physiol. 25, 306 ; and Ham- 
marsten, Zeitsch. physiol. Chem. 9, 304). 
i Many attempts have been made to assign a 
I formula to ovalbumin. Latham (Biochem. J. 

! 1908, 3, 207 et seq) gives it a molecular weight of 
5473, and the formula Gi4oH397N e6 0 75 S,), but 
, this must be regarded as an approximation 
only. 

It has been characterised by determining 
tho vauous amino-acids yielded on hydrolysis 
| with hydrochloric acid of sp.gr. 119 (v. art. Pbo- 
j teins). 100 grams ovalbumin yield : alanine, 
'2*1 grams ; leucine, 20*0 grams ; phenyl- 
alanine, 4*4 grams; tyrosine, 1*1 gram; 

■ cystine, 0*3 gram ; proline, 2*3 grams ; aspartic 
; acid, 1*5 grams ; and glutamic acid, 8*0 grams 
i (Abderhalden and Pregl, Zeitsch. physiol. Chem. 
1905, 46, 24 ; Osborne, Jones, and Leaven- 
; worth, Amer. J. Physiol. 1909, 24, 252 ; Levene 
] and Beatty, Biochem. Zeitsch. 1907, 4, 306). 

' The specific rotation of pure albumin is 
| given as —31° (Willcock, J. Physiol. 1908, 37, 

! 27), —30*70° (Hopkins, ibid. 26, 306), and 
—29*31° (Osborne and Campbell, l.c.). 

The precipitation of albumin by acids and 
salts is a completely reversible reaction (Galeotti, 
Zeitsch. physiol. Chem. 1905, 44, 461), and 
follows the law of mass action (Ostwald, Chem. 
Soc. Abstr. 1908, i. 375 ; Gerrini,* Zeitsch. 
physiol. Chem. 1906, 47, 287). 

Conalbumin. Only about one-half of the 
proteid yf egjf white can be obtained as crystal- 
lised ovalbumin ; the other fractions have a 
Higher rotation and* sulphur oontent. By 
heating these fraotions at ^5°, conatbvmin is 
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obtained as a coagulum, which, when dried at 
110 °, has the following composition : — 

C h N 8 0 

52-26 0-99 16-11 1-70 22-95 p.c. 

Its specific rotation is about —36° (Osborne 
and Campbell, l.c. ; Panormoff, Chem. Zentr. 
1898, 11,487). 

Ovomucoid, is found in the residue after all 

f jroteids coagulated by heat have been removed 
rom egg white (Neumeistcr, Zeitsch. Biol. 1890, 
27, 369 ; Momer, Zeitsch physiol. Chem. 1893, 
18, 525). It forms about 10 p.c. of the proteids 
of egg white. It is not precipitated from solu- 
tion by mineral acids or organic acids (except 
phosphotungstic and tannic acids) or by metallic 
salts. 

The inorganic constituents of egg-white in 
1000 parts are : Potash, 276-285 parts ; soda, 
235-239 parts ; lime, 18-29 parts ; magnesia, 
16-32 parts ; iron oxide, 4-4-5 -5 parts ; chlorine, 
238-^05 parts ; phosphoric acid, 32-48 parts ; 
sulphuric acid, 13-26 parts ; silica, 3-20 parts ; 
carbon dioxide, 97—1 lt» parts (Poleck and 
Weber, Hammarsten’s Physiol. Chem. 1904. 
432). Traces of fluorine have also been found 
(Nickles, Compt rend 43, 885). 

The yolk or yellow is contained within a 
mombrane composed of a proteid allied to 
keratin (Liebermann, Pfluger’s Arehiv. 43). It 
is a viscous, opaque, yellow, alkaline emulsion 
having a miltl taste, and consists chiefly of 
water, fats, and colouring matter, together with 
vitellin, lecithin, cholesterol, &c. Muller and 
Masuyama (Zeitsch. f. Biol. 1900, 39, 542) have 
found a diastatic enzyme in the yolk ; the 
presence of purine bases has been detected by 
Mesemitzki (Biochem. Zentr. 1, 739) ; and of 
creatinin by Salkowski {l.c.). 

1000 parts of the yolk contain approxi- 
mately : water, 480 parts ; fats, 228-4 parts ; 
proteid (vitellin), 156-3 parts ; lecithin, 107 *2 
parts ; cholesterol, 17*5 parts ; insoluble salts, 
6'12 parte ; soluble salts, 3*53 parts. 

According to Poleck, the ash of yolk of eggs 
contains, in 1000 parts : soda, Gl-2-fi5-7 parts ; 
potash, 80 5-89-3 parts ; lime, 122-1— 132 1 
parts; magnesia, 20-7-21-1 parts; iron oxide, 
11 -9-14-5 parts; phosphoric acid, 638 - l-667'0 
parts ; silicic acid, 5-5-140 parts. 

The fat forms about 30 p.c. of the yolk, and 
may be extracted with ether. Tt is a mixture 
of solid and liquid fat, and contains 0'6 p.c. 
phosphorus, equivalent to 15-04 p.c. lecithin; 
61 -5 p.c. of neutral fat ; and 23-2 p.c. free, acids. 
The neutral fat contains glycerol and acid in 
such proportions as prove it to consist of 
triglycerides only (Thorpe, Arch. Ned6r. Sci. 
Exact. Nat. 1901, 6, 155). On saponification 
it yields 40 p.c. oleic acid ; 38-04 p.c. palmitic 
acid; and 15-21 p.c. stearic acid (Paladino, 
Biochem. Zeitsch. 1909, 17, 356). 

Barbieri, by extracting yolks with carbon 
disulphide, obtained trietearin and triolein 
(Compt. rend. 1907, 145, 133), besides, choles- 
terol ; while MacLean has isolated pure tnpal- 
mitin from egg-fat (Biochem. J. 1909, 4, 168)/ 
Lecithin \y. Lecithin) is preset both free 
and in combination with piptein (llanasse, 
Biochem. Ze’tsch. 1906, 1, 246). Commercia 1 
lecithins are usually prepared from eggs, and 
show a high choline content. Trier identified 


g-aminoethyl alcohol in egg lecithin, isolating 
it as its gold, chloride compound (Zeitsch. physiol. 
Chem. 76, 496). Lecithin is best prepared from 
dried egg yolks by BergelTs method (Ber. 1900, 
2584). The extract prepared by boiling with 
96 p.c. alcohol for 6 hours, is cooled to 0° and 
precipitated with an alcoholic • solution of 
cadmium chloride. The precipitate is filtered 
off, washed with 96 p.c. alcohol, dried in air, 
and extracted with ether. The residue is 
boiled with eight times its volume of 80 p.c. 
alcohol, and a concentrated solution of ammo- 
nium carbonate is added until the solution is 
free from cadmium. The filtered solution is 
cooled to — 10°, and the precipitate is dissolved 
in chloroform, precipitated with acetone, and 
dned in vacuo over sulphuric acid. 

After hydrogenation of egg lecithin, Paal 
and Oehme isolated stearic and palmitic acids, 
and suggest that lmolic and palmitic acids are 
originally present (Ber. 1913, 1297). 

Barbieri (Gazz. chim. ital. 1917, fl]„l) stands 
alone among a host of investigators in his 
failure to isolate lecithin from egg yolk. Ho 
affirms that the phosphorus qf egg yolk is 
present as inorganic phosphates, that the 
choline exists only as a degradation product of 
ovoc-hromin, and that glycerol and fatty acids 
exist as constituents of fat, and not combined 
as lecithin. * 

Cholesterol is present in the yolk to the 
extent of about 1 p.c. (Juckenack, Zeitsch. 
Nahr. Genussm. 1899, 1905; Benecke, Bied. 
Zontr. 1881, 568). Accordmg to Serano and 
Palozzi (Chem. Zentr. 1911, ii. 772), it occurs as 
itH oleic and palmitic esters. 

Lutein, tne colouring matter, was described 
by Maly (Chem. Zentr. 1881, 485) as a mixture 
of two substances : vitello-lutein, which is 
yellow and soluble in petroleum ; and vitello- 
rubrin, a red body soluble in carbon disulphide. 
The mixture is an orange-red amorphous sub- 
stance, which is not affected by alkalis, and can 
therefore bo isolated by hydrolysing the fats. 
C. A. Schunk (Proc. Roy. Soc. 1904, 170), as 
the result of spectroscopic examination, identi- 
fied the yellow pigment of the lien's yolk with 
the L. xanthophyll, which he has isolated from 
grass. - The characteristic spectroscopic be- 
haviour of the lutein has been suggested as a 
test of the purity of commercial dried egg yolk 
(Lewin, Miethe, and Stenger, Pfluger’s Arehiv. 
1908, 585). Willstatter and Escher (Zeitsch. 
physiol. Chem. 76, 2l4) isolated the pigment from 
the yolks of 6000- eggs, and obtained it in 
crystalline form, and showed it belonged to the 
xanthophyll group of pigments ; they showed 
also that a carotin-like pigment was present. 
Palmer (J. Biol. Chem. 23, 261) showed that the 
pigments of egg yolk were increased by feeding 
with rations rich in xanthophyll, yellow com 
being particularly suitable for this purpose as a 
winter ration. The point is of importance to 
the poultry trade, since eggs with highly-eoloured 
yolks are m great request. 

Vitellin, the protein constituent of the yolk, 
is separated by mixing the yolks with brine, in 
which the protein is soluble, and extracting the 
fat, &c., with ether. It has the properties t»f a 
globulin, and, on dialysis or dilution of the 
solution, is precipitated . as a white granular 
substance. A solution coagulates at 70 -75°. 
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Vitellin thus obtained is a mixture of com- 
pounds of protein matter with lecithin, contain- 
ing from 15-30 p.o. of the latter, called lecithin- 
nudeovitettins. The lecithin thus combined is 
not removed by ether, but- is completely removed 
by alcohol, leaving an insoluble proteid, nudeo- 
viteUin, of constant composition, which, on 
digesting with pepsin, yields paranuclein. 

It is probable that all these proteins are 
compounds of vitellin with phosphoric acid 
HjP 0 4 , or some very simple organo-phosphoric 
acid. The composition of vitellin, free from 
phosphoric acid, is : 


C H N 8 o 

52-71 7-40 ,10-04 1 05 22 14 pc. 


(Osborne and Campbell, J. Amcr. Ohem. Soc. 
1900, 22, 413). 

Plimmer states that another distinct protein 
‘ livetin can bo obtained from the yolk (Chem. 
Soc. Trans. 1908, 1500). 

Berthelol* and Andre determined the heat of 
combustion of egy yolk to be 8124 calories per 
gram (Compt. rend. 110, 925). 

The germinal vesicle, or white yolk, forms a 
layer between the yolk and the yolk membrane, 
with a process extending to the centre of the 
yolk. It is enclosed in a membrane, and con- 
tains proteins, lecithin, and a nuclein rich in 
phosphorus (Meischer. Chem. Soc. Trans. 1871, 
24, 740). 

The space between the shell membranes at 
the broad end of the egg contains a mixture of 
oxygen, nitrogen, and" carbon dioxide, richer 
m oxygen than the surrounding air (Hufner, 
Du Bois Eeymond’s Arehiv. do Physiol. 1892, 
Phys. Abth. 54). 

Eggs contain, on the average, about 4’0 
mgms. of ferric oxide. This amount is in- 
creased by feeding the hens with foods rich in 
iron, and ‘ iron-egg s ’ thus obtained have been 
recommended for therapeutic use, but are very 
costly (Hartung, Zoitscn. f. Biol. 1902, 43, 195 ; 
Hofmann, Zeitseh, anal. Chem. 1901, 40, 450). 

Bertrand states that arsenic is normally 
present in the egg to the extent of mgm. 
(Compt. rend. 1903, 130, 1083), and that 1 mgm. 
boron occurs in 1 kgm. dried egg (Compt. rend. 
1913, 150, 2027). . 

Development . — During incubation the egg 
respires, giving off carbon dioxide and water, and 
absorbing oxygen. If this process be stopped 
by placing the egg in an inert gas, or by rendering 
the shell impervious to gases, the development 
of the chick oeases. The respiration is slight 
for the first foui days of incubation, and then 
increases until,. at the ninth day, the respiration 
of the eggis equal to that of a fowl, weight for 
weight. This respiration involves combustion 
of the fat of the egg, and a steady loss in weight 
(Pott, Landw. Verauchs. Stat. 23, 203 ; Chem. 


Soc. Abstr. 1879, 474). 

Levene states that the quantity of xanthine 
bases and nuolein compounds increases with the 
growth of thft embryo (Amer. J. Physiol. 1900, 
xii,). 

In egg-white the ratio albumin : ovomuooid 
of egg is constant during incubation (By waters 
and Roue, J. Physiol. 46, Proc. 33). After 3 
days a-lactio acid was found (Anno, Zeitseh. 
physiol. Chem. 80, 237). In new-laid eggs the 
ohoteeterol is free, but gradual esterification 


rake* place, until at the time of hatching 40 p.o. 
is in ester form (J. Biol. Chem. 21, 23). 

All the phosphorus in the chick is derived 
from the yolk and white, and, until the last few 
days of incubation, no lime is taken from the 
shell (Voit, Zeitseh. f. Biol. 13, 518; Pott, U). 
At the end of incubation, the shell may supply 
some of the lime required (Carpiaux, Bull. Acad. 
Roy. Belg. 1908, 283 ; see also Plimmer and 
Scott, J. Physiol. 1909, 38, 247). 

The freezing-point of fresh eggs is 0-427°- 
0-480°, and rises slightly as incubation proceeds, 
corresponding to a rise of osmotic pressure from 
5-5 atmospheres to 7 3 atmospheres (Atkins, 
Biochem. J. 1909, 480). 

The chief uses of eggs are as an article of food 
and in the tanning industry. As the supply of 
new-laid eggs varies with the season, recourse 
is had to some means of preserving a proportion 
of those that come into the market at the time 
of greatest production. 

The following is a list of some processes for 
preserving whole oggs, which have been patented. 

Saturating with eaibon dioxide (Lake, Eng. 
Pat. 1053, 1888) ; treating with formaldehyde 
vapour (Loft, Eng. Pat. 19721, 1915 ; Coraen, 
Eng. Pat. 15206, 1914); wrapping air-tight in 
rubber-coated paper (Jessen, Eng. Pat. 15580, 
1891); coating with gelatin (Mills, Eng. Pat. 
17717, 1891 ; Earquhar and North, Eng. Pat. 
15128, 1892 ; Coakley, Eng. Pat. 18816, 1899) ; 
witli gelatinous starch solution (Schultz, Eng. 
Pat. 1328, 1902); with drying oils, wax, or 
varnish, with or without previous treatment 
with antiseptics (Stukes, U.S. Pat. 649899 ; 
Barlow, Eng. Pat. 11054, 1902 ; Lome, Eng. Pat. 
18439, 1901, and 9898, 1901 ; Davis and Metz, 
Eng. Pat. 105840, 1916); with boric acid 
(Markham, Eng. Pat. 3513, 1895) ; with lime 
(MeArdlc, Eng. Pat. 3592, 1892 ; Wilson and 
Wilson, Eng. Pat. 15401, 1899) ; with sulphuric 
acid (Reinhardt, Eng. Pat. 18130, 1898 ; Marks, 
Eng. Pat. 12867, 1903) ; with liquid petroleum 
(Hendorson, Eng. Pat. 101337, 1910) ; and with 
water-glass (Stead, Eng. Pat. 4910, 1882 ; 
Rylander, Eng. Pat. 23523, 1901). 

The following methods (J. Soc. Arts. 1898, 
46, 390; J. Soc. Chem. Ind. 1898, 261) were 
found to keep over 90 p.c. of the eggs in good 
condition for 8 months : (1) varnishing with 
vaseline ; (2) keeping in milk of lime ; and (3) 
keeping in water-glass solution. Of these the 
last method is the one least open to objection, 
and is that chiefly used. Eggs preserved in 
water-glass have a tendency to burnt when 
boiled, but this can be prevented by piercing 
the shell with a needle. 

A Chinese preparation, ‘Pidan,’ is made 
from duck’s eggs by coating them with a paste 
obtained by stirring into an infusion of l| lbs. 
strong black tea, 9 lbs. lime, 4£ lbs. salt, and a 
bushel of wood ashes. After 5 months they are 
coated further with rice hulls. The changes 
which take place were investigated by Blunt 
and Wajig (J. Biol. Chem. 28, 125), who deduced 
that decomposition of both the egg proteins and 
lifins had taken place. The values for ash, for 
total and organic phosphorus and especially for 
ammoni*cal nitrogen, are. high. 

The contents of eggs may be preserved by 
tearing at 185°F. wiijbt a strong solution of a 
sugar (glucose, maltose, dgxtroae, &c.), until 
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the product contains 40-60 p.b. of sugar. It is 
readily miscible with water, milk, &c., and will 
keep for some months without deterioration 
(Fordrod, Eng. Pat. 16762, 1894; Goodlett, 
U.S. Pat. 692268). 

y An important method of -preserving the 
whites and yolks of eggs consists in drying the 
mixtuie in a current of air at 37°-40 5 during 
18 hours, powdering the product, and again 
exposing to dry air. The powder is packed in 
tins, or can bo pressed into tablets, and is quite 
soluble in water (Poschi, Fr. Pat. 369967, 1906). 
A similar product is obtained by drying on a hot 
roller at a temperature above 212°F. (liatmaker, 
Eng. Pat. 28, 1905 ; sec also Eng. Pat. 8743, 
1903, for apparatus)^' 

Substitutes for eggs in baking are made from 
albumin and casein obtained from skimmed 
milk, sometimes mixed with a proportion of 
dried egg; or from maize meal containing 
sodium bicarbonate and artificial colouring 
matter (Beythien and -Waters, Zeitsch. Nalir. 
Genrssm. 1906, 11, 272; Bernstein. Eng., Pat 
14336 and 29189 of 1897). An emulsion of sun- 
flower or other oil with blood serum and lecithin 
has been suggested (Eng. Pat. 100135, 1915). 

The eggs used for the treatment of leather, 
especially the liner sorts of glove leather, are 
preserved m the liquid state by the addition of 
salt and borax (Jean, Mon. Sci 1892, 6, 561) 
Analyses of this material, ‘ egg i of show that 
it contains 2-5 p.c. more water and 3 £-6 p.c. 
less fatty acid than fresh egg yolk (Boyer, «J. 
Hoc. Chem. lnd. 1892, 447) Bern has pointed 
out that the addition of salt to yol^s materially 
reduces the amount of fat (Bied. Zcntr. 21, 138) 
Rotten eggs could well be used for this pur- 
pose, as (lech has found that the available oil 
is not much diminished m amount, and can 
be extracted by pressure (J. pr. Chem. [2J 
22, 338). 

Oil of egg, obtained by extracting yolks with 
ether, or, better, chloroform, forms about 10 p e. 
of the egg, and is used m pharmacy in the 
preparation of ointments and emulsions ; m the 
leather industry and in tempera painting (Lupus, 
I). R. P. 187211). It has no medicinal value 
(Paladino and Toso, Analyst, 1896, 21, 161) 
It has the following properties : m.p 22 0 -22 , 6 0 ; 
sp.gr. at 15°, 0-9144; acid number, 12; 
saponification number, 190-2 ; ether number, 
189'0 ; iodine number, 72-1 ; Hehner’s number, 
95-16 ; Reiehert-Meissl number, 0'4 (Kitt, 
Chem. Zoit. 1897, 21, 303). 

Detection , estimation, and analysis . — The 

E resenec or absence of egg yolk m pastry can 
e determined by examination of the fat, there 
being a great difference in composition and 
properties between the fat of wheat and of the 
egg (Spaeth, Zeitsch. Nahr. Genussm. 1896, 10, 
171). The phosphorus of the yolk being present 
chiefly .as lecithin, the yolk may be estimated 
by igniting with sodium carbonate and nitre, 
determining the phosphoric acid in the residue. 
1-129 grama phosphoric acid represent 100 graniB 
yolk (Bein, Ber. 23, 423). The addition of 
alkali is necessary to prevent loss of pkosphomc 
acid during ignition (Juekenack, lx.). The 
amount of egg present in pastry, <&c., may be 
determined by the amount of chftlesterofpresont 
(Cappenberg,*Chem. Zeit. 1909, 33, 985). (For 
methods for the deterifiination of the con- 


stituents of egg yolk for commercial purposes, 
see J. Soc. Chem. Ind. 1906, 829.) 

EGG ALBUMIN v. Pkotkins. J 

EGG FRUIT. The fruit of Sdanum melongena 
(Linn.). A plant of tropical and sub-tropical 
countries. Konig gives, as the mean of three 
analyses — 

Nitiogenous Soluble carbo- 
W liter mailer fat hydrates Fibre Ash 

93-2 11 01 3-9' 1-2 0-6 

An American analysis (Bull. 28, U.S. Dept, 
of Agnc.) shows a somewhat larger amount of 
carbohydrates (5 1 p.c.), but is similar in other 
respects. 

This plant is sometimes, called Aubergine . 
The Iruit is used in much the same way as the 
tomato. H. I. 

EGOLS. A class of antiseptics consisting of 
the potassium mercury salts of o-rntrophenol- 
sulphomc acid, the individual members being 
termed ‘ phenogol,’ ‘ cresegol,’ &e., depending 
on the phenol from wluen they ard derived. 
They are mldish-brown powders, readily 
soluble m water, and arc strongly bactericidal 
(Gautrelet, Coinpt rend. 129, [2] 113; J. Soc. 
Chem. Ind. 1899, 854) ( v . Synthetic dkuo.s). 

EGYPTIAN BLUE. This is a blue colouring 
matter winch was used by the Romans in the first 
few centuries of 4-he Christian er^, but ceased to 
be manufactured about the time of the invasion 
of the barbarians. It figures m several beautiful 
frescoes m the Vatican, and has also been found! 
at Pompeii. Fouque discovered the composi- 
tion to be that of a double silicate of calcium 
and copper Ca(),CuO,4fcjiO a , devoid even of traces 
of alkali. The substance is crystalline, and is 
hardly attacked by any chemical reagents, which 
explains the perfect state of its preservation in 
the paintings for which it was employed 1900 
years ago. Jt may be prepared at a bnght-red 
heat, but tins temperature must not be exceeded, 
as it is then decomposed into cuprous oxide, 
wdlastov ite, and a clear light-green glass. The 
higher the temperature, the more of the latter 
is formed, and, finally, wollastonite disappears 
entirely. By the old method of preparation, 
described by Vitruvius, fine sand and soda are 
intimately mixed with copper filings, then 
moistened with water, formed into cake*, and 
the latter dried. The cakes are then fused in an 
earthen pot until the blue colour is produced. 
Fouque found this method practicable, but used 
potassium sulphate in preference to soda as a 
flux. It was not possible to replace chalk or 
lime by magnesia. The ancient Romans em- 
ployed a largo excess of silica, whilst Fouqu6 
employed more basic mixtures, filially purifying 
the product with hydrochloric acid. The 
exquisite colour of this mineral body, the fact 
that it is absolutely unaffected by moisture, 
light, and most chemical reagents, as well as 
the facility and the low price of production, 
render it desirable that its manufacture should 
bo again resumed (F. Fouque, Compt. rend. 108, 
325-327; and J. Soc. Chem. Ind. 8, 291). 
The conditions of its production have been 
studied by Laurie, McLintook, and Miles (Proc. 
Roy. Soc. 1914, A, 89, 418). The French 
ultramarine works of Deschamps Fr&res re- 
produced Egyptian blue by fusing in an ultra- 
marine furnace a mixture of quartz (50 parte), 
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ohalk (21 parts), copper oxide (24-4 parte), and 
sodium carbonate (4 -(3 parts), all in the finest 
powder, and completely free from iron. The 

E roduct, washed with hydrochloric acid and 
ot water, had the composition corresponding 
to Fouque’s analysis, and was in all respects 
similar to the material used by the Romans 
(Bock, Zeitsch. angew. Ohom. 1916, 29, i. 228). 

EIKONOGEN. Sodium salt of 1-ammo- 
fi-naphthol-fi-sulphonic acid. Used as a photo- 
graphic developer.. 

EKSANTALAL Cj 2 H, 8 0. Obtained on oxi- 
dation by ozone of the sesquiterpene primary 
alcohol a-santalol C, B H 24 0, which, together with 
the isomeric /3-sanfcalol, constitutes 4 santalol,’ 
the oil resulting from the hydrolysis of the 
hydrogen phthalale made from the oil obtained 
by distilling sandalwood with steam (Semmler, 
Ber. 43, 1893). 

It is dextro-rotatory 23'5°) ; b.p. 100°- 
110°, under 10 mm. ; sp.gr. 0-9846 at 20720; 
n h , 1-48619. 

It git- os an oxime, which yields the corre- 
sponding nitrile r.nd aminr, and gives eksantalol 
on reduction (Semmler, Ber 41, 1488). 

Heated with acetic anhydride and sodium 
acetate, it forms cao/- eksantalal acetate 
C 12 H 17 0-C0 Cli 3 

which, on oxidation with potassium perman- 
ganate, yields noreksantahe acid (IjjHjjO, 
(Semmler, Ber 43, 1722-1726), the methyl ester 
of which, on reduction by sodium and alcohol, 
yields noreksantalol C u H lg O; and this on 
oxidation in benzene solution with potassium 
dicliromate and dilute sulphuric acid, gives 
n crehantalal C n H lg O, b.p. 02°-94711 mm ; 
spgr. 20°/20° 0-9964, v v 1-48301, a v -30 8°. 
The ewof-noroksantalal acetate gives, on oxida- 
tion by potassium permanganate, tncmntalic 
acid (-! 10 H h Os, (Semmler and Zaar, Ber. 43, 
1890). 

In all three scries, containing 10, 1 1 , and 12 
carbon atoms respectively, the same tricyclic 
system is present as exists in a-santalol ; and 
Semmler (Ber. 43, 1893- 1898) assigns to these 
bodies constitutions based upon the campliene 
or camphor type, and a-santalol and eksantalal 
are structurally jeprosented as below : 
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EKTOGEN. Trade name for a mixture of 
zinc dioxide with zinc oxide and carbonate, used 

as a surgical dressing. 

ELAOMARGAIliC ACID C ]? H 3a O r An 
acid, melting at 48°, obtained by the saponifica- 
tion of elaocoooa oil (Japanese wood oil) with 


alooholic potash, and decomposing t$e tridaa- 
margarin thus formed. The glycende when first 
formed is liquid, but on exposure to light 
gradually solidifies. Isomerio with elaosteario 
acid, elaoleic acid, and linoleic acid. On expos- 
ing an alcoholic solution to light, plates of elao- 
stearic acid, m.p. 71°, are precipitated (Cloez, 
Bull. Soc. chim. 1876, 26, 286; 1877, 28, 24) ; 
traces of iodine or sulphur also bring about this 
change (Maquenne, Compt. rend. 1 36, 696). Oxi- 
dation with potassium permanganate gives rise 
to azelaio acid, sativic acid, and dinydroxy- 
steam- acid (Kametaka, J. Soc. Chem Ind. 1903, 
1138 ; 1908, 1120; Kit, Chem. Soc. Abstr. 1906, 
i. 10; Maquenne, l.c.). Linolic acid also on 
oxidation yields sativic acid, and on bromina- 
tion, linolic acid and elaomargaric acid yield 
the same totrabromide. Elaosteario acid and 
linoleic acid yield the same dio/.onide (Majima, 
Bor. 1900, 674). Elaomargaric acid and elao* 
stearic acid are converted into elaoleic acid when 
heated at 180° in sealed,tubes (Cloez, J. 1878, 38). 

EL/EOPTENE. The volatile portion jf an 
essential oil, used in eontradistmction to the 
dear opiate or solid portion. 

ELAIDIC ACID C 18 H 34 () 2 . A solid stereo- 
isomene modification of oleic acid, obtained by 
the action of nitrous acid upon olive oil, saponify- 
ing the glyceride (elaidm) ro formed, and decom- 
posing tlio salt by hydrochloric or sulphuric acid. 
May also be obtained by the action of nitrous 
acid or of nitric acid (sp.gr. 1-2) (Edmed, Chem. 
Soc Proc. 1899, 190) upon oleic acid, or by 
deconqiosing barium oleate with fuming nitric 
acid ; m.p. 62° (Saytzcff, Chem. Soc. Abst. 1893, 
661) , bp. 287 6°-288° at 100 mm. (Kraift and 
Mordhngor, Ber 1889, 819). Soluble in alcohol 
and ether. Solutions have an acid reaction. 
The melted acid gradually absorbs oxygen from 
the air, and becomes permanently liquid. It 
may be distilled unchanged under diminished 
pressure. Heated with potassium hydroxide, it 
is converted into acetate and palmitate of 
potassium with evolution of hydrogen. 

Elaidic acid dissolved in benzene, toluene, 
ligrom, or chloroform, and mixed with caustic 
soda and shaken, gives a brilliant phosphor- 
escence (Itadziszcwski, Annalon, 203, 306). 
Hydnodic acid forms an addition compound 
(lodosteai’ic acid) with elaidic acid (Farb. vorm. 
Fried. Bayer &Co. I). R. P. 180087 ; Chem. Soc. 
Abstr. 1907, i. 380), which, on treatment with 
alcoholic potash, yields oleic and ? so -oleic acids 
(Lebedeff, ibid. 1893, 660). On reduction with 
nickel or copper and hydrogen at 280°-300°, 
elaidlb acid is converted into stearic acid 
(Sabatier and Mailhe, Ann. Chim. Phys. [8] 4, « 
319). Treated with dilute solution of potassium 
permanganate in presence of potash, it is con- 
verted into a dihydroxy acid, which differs from 
the corresponding compound obtained from 
oleic acid by its lower melting-point (99-6°), 
and its greater solubility in alcohol and ether, 
and also into polargonic, azolaic, and oxalic acids 
(Saytzeff, Ber. 1886, 21 ; Edmed, Chem. Soc. 
Trans* 1898, 627) ; oxidation wbh sulphuric 
ficid, however, gives rise to the same dihyaroxy- 
stearic acid as is obtained from oleic acid under 
the same conditions (Tscherbakoff and Saytzeff, 
J. pr. Chem., 1898, 27). 

Elaidm, a solid isomeride d? olein, is ob- 
tained by the actioxffof nitrous aoid upon olein. 
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and is probably a triglyceride C 57 H 104 O a . It 
melts at 36° ; is nearly insoluble in alcohol, 
readily soluble in etnei. The Ungucntum 
oxygenatum and U. citrinum of the pharmaco- 
oeias, prepared by the action of nitric acid upon 
og’s lard, contain impure elaidin. 

ELAIDIN v. ElaIdic acid. 

ELALDEHYDE v. Aldehyde. 

ELARSON. Trade name for strontium 
chloroarsenobehenolate. 

ELATERIN v, Elatebittm. 

ELATERITE. Elastic bitumen , Mineral 
caoutclwic, A fossil resin, somewhat resem- 
bling asphalt, found at Castleton in Derbyshire, 
in France, Switzerland, &e. It is a soft, flexible, 
elastic, and readily inflammable substance, with 
a resinous lustre and a dark- brown colour. It 
is mainly used as an insulator for electric cables. 
It is rapidly decomposed by strong nitric acid. 
When boiled with alcohol and alcoholic potassium 
hydroxide it behaves like beeswax. One sample 
gave an acid value of 4 9, and saponification 
valutf of 5 09, and contained 88-9 p.c. of un- 
saponifiablc matter. 

ELATERIUM. The sediment from the juice 
of the fruit of the Ecbalhum elatervum (Richard), 
or squirting cucumber. Elatenum is a drastic 
purgative. 

It, and elatenn derived from it, were excluded 
from the B.P. in 1914. The latter substance is 
still official in the United States (Elatennum, 
U.S.P.). Good specimens of elaterium when 
extracted with chloroform yield 25 p.c. of 
elaterin, which by recrystallisation is obtained 
in minute shining six-sided plates. The dose 
of elaterin is to ,*n of a grain, and to it is 
ascribed the whole of the physiological activity 
of elaterium. Elaterin is a neutral bitter com- 
pound, insoluble in hot or cold water. It is 
readily soluble in cold alcohol, sparingly in 
ether. If sulphuric acid be added to a solution 
of elatenn in melted phenol, a crimson colour is 
produced which changes to scarlet (Lindo, Chem. 
News, 37, 35 , Johannson, Zeitsch. anal. Chem. 
24, 154). 

On hydrolysis with alcoholic potash, elaterin 
furnishes acetic acid and an amorphous com- 
pound, elatendm. Further action of alkali gives 
daleric acid, also amorphous, and melting at 
73°-76° (Berg, Bull. Soc. chim. [iii.] 35, 435). 

Elaterium of English origin, examined by 
Power and Moore (Pharm. «T. [iv.] 29, 501), was 
found to contain 5 ‘3 p.c. of moisture and (i'7 p.c. 
of ash. By a suitable method of extraction, a 
colourless crystalline product, m.p. 2 17°, -220°, 
was obtained, corresponding with the elaterin 
‘of the pharmacopoeias. This was found to be 
non-homogeneous, consisting of at least two 
substances, one, a -elalcrin, melting at 230° with- 
decomposition, and la'vo-rotatory, whilst the 
other, fi-elaicnn, has a lower melting-point, and 
is dextro-rotatory. Both have the same empirical 
composition, but the former is physiologically 
inert, whilst the latter shows marked physio- 
logical activity. Examination of commercial 
elaterin showed that it consists mainly of varying 
proportions of these two substances, whictf 
probably accounts for the marked difference in 
medicinal value of different samples. ‘ a-EJatenn 
has also been found in colocynth, the dried 
fruit of Oitrums cdlocynthi^ (Schraeder) (Power 
and Moore, Chem. Soc. Trans. 97, 99), and has 
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been further investigated by Moore {ibid. 07, 
1797). 

According to Berg (Bull. Soc. chim. fiii.] 17, 
86 ; [iv.] 7, 385), elaterin does not exist ready- 
formed in the fruit, but is produced after the 
rupture of the tissues by the action of an enzyme 
daierase on a glucoside present/ The latter 
consists of a brittle, amorphous powder, and 
givos the same reactions as elaterin with sulphuric 
acid and phenol. Power and Moore (Chem. Soc. 
Trans. 95, 1985), however, on examination of 
the fresh fruit, failed to confirm this. 

G. B. 

ELBON. Trade name for cinnamoyl-p- 
hydroxyphenylurea. , 

ELDERBERRY. The fruit of Sambuaus 
nigra (Linn.). The only analysis quoted by 
Kbmg gives, as the composition of the fruit—- 

Water Guide fibre Pentosans 

81*9 (>*6 1*2 

The lierries are used for the preparation of a 
wine and of ‘ elderberry syrup,’ an old-lashiohed 
cordial. From the wme, a brandy is sometimes 
distilled, which according to analyses by Amtbor 
and Zink, quoted by Konig, contains 39‘2 p.c. 
of alcohol (by weight) and has a sp.gr. of 0-836. 
According to de Sanctis (Gazz. chim. ital. 
1895, 25, 49), elder leaves and stems contain 
conine. Malmejifc (J. Pharm. Chim. 1901, 14, 
17) attributes the diuretic and purgative action 
of the bark of the elder to an alkaloid, sambucine , 
a deliquescent bitter substrfnce, yielding the 
usual alkaloid reactions. He also found elder 
bark to contain tannin, a resin resembling 
seanimony and a yellowish-red oil possessing a 
strong odour of elder. Elder pith contains 
both xylan and araban (Browne and Tollens, 
Ber. 1902, 35, 1457). The oil extractable from 
the juice of red elderberries ($. raemosa) by 
ether, is light yellow in colour, has a sp.gr. of 
0-9072, solidifies at --8°, anil melts at 0 ° ; 
contains 6-66 p.c. of free acid (as oleic acid), 
0-60 p.c. of unsapomfiable matter, has a saponifi- 
cation number 209-3, iodine number 81-4, and 
Reichert-Meissl value of 1 ’54 (Byers and 
Hopkins, J. Amer. Chem. Soc. 1902, 24, 771). 

The leaves of the older contain a cyanogenetio 
glucoside, which, under the influence of emulsin, 
yields dextrose, bcnzaldehyde, and hydrogen 
cyanide ; the yield of the last mentioned amounts 
to 0-126 gram per kilogram of fresh* leaves 
(Guignard, Compt. rend. 1905, 141. 16; Bour- 
quelot and Danjou, 'ibid. 59). This glucoside, 
which has been named samhunigrin C 14 H 17 CLN, 
crystallises from ethyl acetate in long, colourless 
needles, melting at 15 1°-152°, is readily soluble 
in water or alcohol, but nearly insoluble in 
ether (Bourquelot and Danjou, Compt. rend. 
1906, 141, 598). * ’ ' 

According to Ravenna and Tonegutti (Chem. 
Zentr. 1910, i. 644) the enzyme which decom- 
poses the glucoside in the plant is not soluble 
in water. The hydrocyanic acid is present in 
larger quantities than has hitherto bqen believed, 
and is most abundant in the stalks. H. I. 

ELECTRARG0L. Trade name for a form 
of colloidal silver. 

ELECTRIRIDOL. Colloidal iridium. 
ELECTRO-DEPOSITION and ELECTRO* 
‘PLATING. Electrolytic processes are now used 
to a considerable extent in the precipitation 
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erf metals in a reguline form, available for many 
commercial purposes. Thus the common and 
more easily corroded metals are coated with 
thin films of electro-deposited metal of a more 
permanent and less oxidisable character, in 
the process of electroplating ; for the repro- 
duction of engraved surfaces, type, &c., in 
electro - deposited copper, electrolysis is applied 
in electrotyping ; and in the deposition of a pure 
metal from an intpure form or a mixture of 
metals, the principfes of electrolysis arc applied 
in the process of electrolytic refining and in 
chemical analysis. 

An electric current passed through solutions 
of metallic salts brings about decomposition of 
a particular type, accompanied by the deposition 
or evolution of the products, or others which 
may have boon formed as the result of secondary 
changes. When copper sulphate solution is 
electrolysed with a platinum anode, and any 
cathode, not ordinarily attacked by this Balt, 
copper is deposited at the cathode, and oxygen 
and sulpRunc acid are formed at the anode, 
thus : 

Cu <- Cu S0 4 S0 4 -f- H ,( ) = H s vS0 4 + 0 

Deposited on Formed at 

cathode. • anode. 

Other metallic compounds follow a similar 
course. The primary prod lifts consist of 
charged atoms or radicals. These arc termed 
ions, and in the process of electrolysis migrate 
to the electrodes, those to the anode being called 
the anions , and those to the cathode millions. 
Anions consist of the acidic group of the salt, 
while the eathions comprise hydrogen, the 
medals, and basic radicals. At the electrodes, 
the electrical charges are neutralised, and the 
substance appears in the nascent form, subse- 
quently being deposited or evolved. Elementary 
anions, such as chlorine, bromine, and iodine 
may enter into subsequent secondary changes, 
while others, such as N0 3 , S() 4 , C 2 H,0 2 , &c., 
react with water, giving generally the correspond- 
ing acid, and liberating oxygen. With soluble 
anodes — those attacked by tne amon — solution 
of the metal takes place, and thus, in a copper 
solution, a copper anode supplies metal under 
the best conditions as rapidly as metal is de- 
posited. The strength of the solution is thus 
maintained, a condition necessary for continuous 
deposition as required for plating and refining 
purposes. 

The deposition of metals follows the usual 
law of chemical equivalents as enunciated by 
Faraday in 1835. The ampere-hour is thus 
associated with a definite amount of metal, 
which cannot* be exceeded, but may not be 
attained owing to failure in realising the best 
conditions. Tne Tp^ntities of metals deposited 
by the coulomb, ampere-hour, and 740 ampere- 
hours, are shown in the table on next column. 

These amounts, however, can only be de- 
posited when the cathode is surrounded by a 
considerable amount of strong electrolyte, and 
only under this condition can the facts of electro- 
lysis be applied, as in the voltameter, to the 
determination of the number of coulombs passing 
through a circuit. While for most industrial 
purposes it is not necessary for the theoretical 
amount of metal to be deposited per ampere- 
hour, yet the most satisfactory deposits are, 
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0-290 

1040 

27-3 

103-5 

1-070 

3-870 

101-0 

29-3 

0 302 

1-085 

28-6 

108-0 

1118 

4 025 

96-5(Troy) 
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57-5 

29-5 

0-305 

1095 

28-7 

32-5 

0-336 
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in many cases, obtained when this condition is 
most nearly attained. Failing the full amount 
of metal per ampere-hour, hydrogen is deposited, 
and this often leads to a dark powdery deposit 
unsuitable for most industrial purposes. Such 
deposits, caused usually by excessive current, are 
Baid to be ‘ burnt.’ In some solutions — for 
example, those of copper, iron, or nickel sulphate 
— tins inferior deposit seems to result from the 
simultaneously deposited hydrogen due to a 
weak electrolyte. In other examples, that of 
the alkaline or cyanide copper bath, it would 
seem (from the fact that much hydrogen may 
be deposited without ‘ burning ’) more probably 
due to the deposition of traces of basic com- 
pounds with the metal ( Bancroft, Trans. Amer. 
Electroehem. Soc. vi. |ii.] 27). This view is 
supported by the fact that the presence of 
substances in the solution, which are good 
solvents for such basic compounds, prevents 
‘ burning ’ to a considerable extent. Thus, in 
the alkalmo copper- bath, ‘ burning ’ is reduced, 
and the quality of the deposit improved by the 
addition of such salts as sodium bisulphite and 
potassium cyanide. In other examples, notably 
those of tin and lead, the deposit is much 
improved by the addition of a trace of a colloid, 
such as glue or gelatine. 

Migration of ions. It is well known that 
ions migrate to their respective plates with 
definite speeds under unit potential gradient. 
If deposition proceeds more rapidly than thiB 
rate of migration, the cathode liquid becomes 
impoverished of its metal, and this involves a 
falling off in the ampere-hour yield. » The defi- 
ciency of motal around the cathode is counter- 
acted to a limited oxtent by the ordinary process 
of diffusion, but there is a limit to the rate at 
which metal may be satisfactorily deposited, 
unless special steps are taken to make up for 
this slow migration. Methods of circulation 
and stirring arc based on this fact, and also on 
the further fact that the heavier solution formed 
around the anode falls to the bottom of the 
solution, and, owing to its superior conductance, 
gives ftse to the conduction of an undue pro- 
portion of the current and consequently thicker 
deposits on the portion of the cathode in this 
heavier laydT ; hence a limit to the rate at which 
deposition majf be safely allowed to proceed is 
'set, and the time required to cdposit a given 
amount of metal vanes correspondingly, 
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E.MJ. lor deposition. With an insoluble 
anode, a definite minim um E.M.F. is required 
to maintain electrolysis. Thus, when copper 
sulphate is decomposed with a platinum anode, 
the total change is as follows : — 

CuS0 4 + H*0 = Cu+0+H t S0 4 

This, as a chemical change, is endothermic, and 
electrolytically it demands a minimum E.M.F. 
of about 1*20 volts for its continuance. When 
a copper anode is used, no change in the com- 
position of the solution occurs. Energy changes 
at both electrodes are equal and of opposite 
character, and hence a much smaller E.M.b viz. 
that required to overcome the ohmic resistance 
of Iho solution, is required. With efficient 
anode solution and a good conducting electrolyte, 
such as is obtained m an acidified copper 
sulphate solution, a P.D. of about 0*3-0 5 volt 
will maintain a fair rate of deposition. In the 
case of nickel, where there is usually inefficient 
anode solution and a poorly conducting electro- 
lyte^ a much higher P.D. is required, partly on 
account of the greater stability of nickel com- 
ounds. Figures given, therefore, for P.D.’s at 
ath terminals are of a very elastic character, 
depending upon the efficiency of anodo solution, 
strength and temperature of the solution, 
distance between electrodes, presence or other- 
wise of conducting substances m the solution, 
and current density required ; while the con- 
ditions controlling the allowable current density 
at the cathode are chiefly the strength of the 
electrolyte and its motion. 

The deposition of copper may be accom- 
plished by simple immersion methods, resulting 
m a chemical exchange with the more positive 
metal plated ; thus : 

Pg}+(' U S0 4 =^}S0 4 +Cu 

The process is but little used, and then only for 
very chcup work. Deposits on a surface which 
is undergoing simultaneous corrosion, cannot be 
sufficiently adherent to withstand the frictional 
processes of polishing and burnishing. 

The single-cell process, practised at one time, 
involves the generation of current and the 
deposition of metal in the same apparatus. 
The process is illustrated in the Darnell cell, in 
which, if the copper cylinder is replaced by any 
conducting substance, copper is deposited. 

For the deposition of copper on brass and 
similar electro-negativo metals, and on black- 
leaded or metallised non-conducting surfaces of 
wax, guttapercha, piaster, earthenware, the 
following solution is of wide application : — 


of oxide, or tarnish, and, after rinsing, is scoured 
with pumice or ordinary sand or scratch -brushed. 
After finally rinsing, it is immersed in the 
solution, and should be covered immediately. 
The deposit is pink, though dull. When of 
sufficient thickness, the work is removed, rinsed, 
and the dull surface improved by scratch- 
brushing or polishing. 

For deposition upon non-conducting sub- 
stances such as wax, guttapercha, &c., the 
following methods may b? used : — 

(1) Wax and guttapercha. Thorough yet 
careful brushing with the finest plumbago 
causes sufliciont to be retained to render tne 
surface conductive. Such surfaces when sus- 
pended in the copper solution, receive a deposit 
beginning at the metal connection, and gradually 
spreading over the whole surface, the thickness 
of the deposit not being exactly uniform. 

(2) Plaster oj Paris and unglazed earthmwarc 
may be rendered conductive by first soaking in 
linseed oil and allowing to dry. They are thus 
rendered impervious to the solution; and the 
skin of driod oil will now retain blacklead, when 
this substance is applied by gentle brushing, 
sufficient to impart the necessary conductance. 

(3) Flowers, feathers, and other delicate 
objects which will not withstand the pressure 
of even gentle brushing, may be treated to 
produce a fine layer of some metal or sulphide 
on the surface by simple chemical means. A 
usual method is to paint them or immerse them 
in a weak solution of phosphorus in carbon 
disulphide, and, after drying, a brief immersion 
in silver nitrate solution leads to the precipitation 
of silver, which imparts the necessary conduct- 
anee. Again, the object to be treated may first 
be immersed m silver nitrate solution, and 
subsequently exposed to sulphuretted hydrogen, 
which produces a layer of silver sulphide, 
sufficient to cause the immediate deposition of 
copper at all points. 

A more successful method for wax and 
guttaporeha involves covering those substances 
with copper by simple precipitation. Tho 
substance, usually as a mould or impression of 
a surface to be reproduced in electrotype copper, 
is first blacklcaded and is then laici face up- 
wards in a solution of copper sulphate. Iron 
filings are then sprinkled on the surface. The 
filings m contact with the blackleaded surface 
reduce innumerable voltaic couples* which 
ring about the deposition of copper quickly 
and completely. The mould iH then rinsed to 
detach the filings, and placed in the bath, when 
copper is at once deposited uniformly over the 
whole surface. 


Bluestone (CuS0 4 , GILO) . . 11-2 lbs. . 0n positive metals such as ifon, zinc, tin, 

Oil of vitriol . . . Li n, ’ Britannia metal, pewter, &c., copper cannot be 

Water . ! ’ ’ to 1 gallon succe8sfuU y deposited from the acid sulphate 

.... 6 solution on account of the else with which these 

The composition is variable. Strong solutions metals turn out the copper by simple immersion, 
admit of more rapid deposition without ' bum- and are, moreover, corroded by the acid. A 
mg, while the acid imparts conductance, more stable and more satisfactory compound for 
From such a solution deposition can lie carried this class of work is the double cyanide of 
on at the rate of 40 amperes per equate foot copper and potassium (CuCNKCNJ. Solutions 
without stirring, while, with a properly stirreij of this compound are usually prepared by (1) 
electrolyte, this current density may be increased dissolving the carbonate in a solution of potas- 
up to 250 or 300 amperes per square*foot. sium cyanide ; (2) precipitating the sulphate 

Previous to deposition, .brass fs clean6d first with ammonia, dissolving the precipitate in 
in potash (5-10 p.c.) to remove grease. It is i excess of ammonia, and decolourising the blue 
then passed through aquaftrtis to remove scale solution with potassium cyanide. Many other 
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methods are available and are in use, The in the separation oi this metal from more 
strength of such solutions may be varied positive metals in an acid solution with a 
between wide limits up to 4 ozs. (or even more) platinum anode. From a solution of brass in 
of metal per gallon. An excess of potassium nitric acid, the copper may be most completely 
oyanide is essential, owing to the formation of deposited without interfering with the zinc, 
insoluble single copper cyanide (CuCN) at the The copper deposit made on a platinum dish or 
anode. The course of electrolysis in such suitable electrode is then weighed, and the 
double oyanidb solutions (including those of zinc obtained by either a chemical or a further 
zinc, silver, and gold) is very different from that electrolytic method (v. Analysis). On a com- 
of the salts of the, mineral' acids. In the case raercial scale, the deposition of copper has been 
of copper, the reactiQn may be simply represented applied by Cowper-Colos to the production of 
as follows : — * parabolic mirrors for lighthouse work, and to 

the production of sheet, wire, and tubes. The 
manufacture of deposited tubes of largo diameter 
has been successfully carried on by Elmore 
Bros., who arrange an agate burnisher to 
travel backwards and forwards along the tube 
during deposition, thereby producing a compact 
Cu(GN) 2 +Cu-2CuCN K + CuON’K CN = f’u + 2KCN deposit of good mechanical properties. Tubes 
(Insoluble) (deposited) U p to 16 Feet long by 8 feet diameter, and 

The copper in the salt thus migrates as a weighing more than 3 tons, have been produced 
complex ion to the anode, and there forms an by this method. More usually, however, tubes 
insoluble compound. This, unless removed, are of smaller dimensions, and are subsequently 
offers considerable resistance, and increases the drawn down or opened longitudinally for the 
difficulty of maintaining a normal current production of sheets. Copper is deposited on a 
Sufficient potassium cyanide for its removal is most extensive scale in the refining process, 
formed at the cathode, and can be best brought possibly as much as three-quarters of tne total 
to the anode by stirring, which facilitates the output of the motal annually being refined in 
process of deposition by keeping the anode this manner, using a solution of tne sulphate 
clean. The solution of the aqode deposit is with thick anodes of the crude metal. The crude 
more usually accomplished by using an excess metal contains up to 1 •() p.c. of impurities. The 
of potassium oynnido called 'free cyanide.’ deposited metal is almost entirely free from 
From such a solution copper is not deposited impurity. Positive impurities pass into the 
upon iron, tin, Britannia metal, pewter, &e , by solution, and are retained there by the applica- 
simple immersion, and only very slightly on tion of the principle used in electrolytic analysis, 
zinc. The solution is conveniently used warm. Electro-negative impurities, as silver and gold, 
and yields a deposit of copper accompanied by pass as chloride and metal respectively into the 
. hydrogen, which, as a rule, does not seriously mud at the bottom of the tank, from which 
inteifere with the physical character of the they may t>e recovered. Tin, antimony, arsenic, 
deposit. The depuoit. is, under the best quali- and bismuth are prevented from being deposited 
tative conditions, smoother than that from the by a careful control of the conditions, and the 
sulphate solution, and once the positive metal sum-total of impurities in the refined metal is 
has been coated in this solution, it may be usually less than 0‘05 p.c. 
removed, and, after thorough rinsing, introduced Deposition of silver. Silver, being an electro* 
into the sulphate solution for a thicker deposit, negative metal, is readily deposited by simple 
The cyanide solution, when strong, and used immersion. Tho process is applied com- 
within certain limits of current density, yields mercially under the name of t whitening,’ 
twice as much copper per ampere-hour (viz. Solutions for this purpose contain a small 
2 ’36 crams) as the sulphate, the cyanide com- proportion of a silver compound, such as 
pound being the monovalent cuprous salt. chloride or cyanide, dissolved in cream of 

Applications of copper deposition. — The metal tartar, sodium chloride, or similar solvent. The 
is most extensively deposited as a covering for deposition on properly prepared work is a 
more positive and more corrodible metals, and case of simple replacement, and only very thin 
as a preliminary deposit before coating with deposits are obtainable by this means. The 
the more expensive metals. Deposits of copper same materials may also be used in the form of 
on iron may then be burnished or polished and pastes, "and rubbed on the prepared work with 
the surfaco improved by metal-colouring, when, a wet rag, this method finding application in 
by chemical processes, the surface is covered silvering clock and instrument dials, 
with a uniform film of oxide or sulphide by Electro -deposition is most frequently prac- 
immereion in solutions producing these com- tised. For this purpose the nitrate solution is 
pounds, sueh as the Salts of copper and soluble unsuitable on account of its instability, being 
sulphides. Uniform and pleasing effects are serviceable only as a voltameter electrolyte 
readily obtained, and may be rendered more where the very electro-negative metal platinum 
permanent by subsequent lacquering. The is used. For silvering on more positive metals, 
metal is also deposited on a considerable scale those which usually require silver plating, a 
in the electrfttyping process, thin, but rigid solution* of the double cyanide of silver and 
reproductions of type, engraved plates and petf assium is used. This may be prepared from 
blooks being made in electro-deposited copper, the metal as follows : — 

' and subsequently strengthened by * backing ’ (a) The metal is converted into nitrate, and 

with a lead-antimony alloy, which is then precipitated with potassium cyanide. When 
planed down to the required thickness. precipitation is just complete, th£ cleartttyASA 

Analytically, copper deposition is applied is decanted and the precipitate washed aaS| 


Anode Catb 

I CuONKCN | 

| 4- Cu(CN)* -K+ -» 
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subsequently dissolved in more cyanide solution, 
a further supply of cyanide being added for 
‘ free cyanide.’ 

(6) Precipitation may be effected by common 
salt, and the washed chloride dissolved in excess 
of potassium cyanide. 

(c) A silver plate may be made the anode in 
a 5 p.c. solution of potassium cyanide, using a 
small copper or carbon cathode contained in 
some of the solution in a porous cell. The silver 
dissolves electrolytically, and the process can 
bo continued until sufficient silver has passed 
into tho solution and a good deposit is obtainable 
from it. 

The solution is used cold, and yields a dull 
deposit of tho metal, which may subsequently 
be scratch-brushed, burnished, and polished. 
The addition of a small proportion of carbon 
disulphide (1 oz. in 250 gallons) completely 
alters the character of the deposit from dull 
to bright. ‘ Bright plating ’ is, therefore, 
much practised. The silver compound m the 
solution being somewhat unstable, special pro- 
cautions are necessary before placing work in the 
solution for deposition. Copper, brass, and 
nickel silver may bo plated directly, though 
previous to deposition it is common practice to 
pass such work through a solution of mercury 
cyanide. This solution can be prepared by 
treating a soluble mercuric compound with 
excess of potassium oyamdo, or by dissolving 
the oxide m cyanide. A usual strength is 1 oz. 
of metal per gallon. From such a * quicking,’ 
solution a bright deposit of mercury is obtained 
on brass, copper, and nickel silver by simple 
•immersion, with the advantages that the more 
negative metal mercury is less oxidisable than 
copper, &c., and prevents simple immersion 
deposition of silver when the work is put into 
the bath, and possibly promotes the adhesion 
of the subsequently electrolytically deposited 
silver, by amalgamation. More positive metals, 
like iron and zinc, are first coppered in the 
alkaline bath, and subsequently treated as 
copper. With the lead alloys it is usual to pass 
them straight from the cleansing processes 
through a separate silvor solution, from which a 
rapid deposit is first made. This is termed 
‘striking, after which the work is transferred 
to the main solution to complete the deposition. 

The current density permissible is controlled 
largely by the metal content of the solution, 
Excessive current produces a light-grey, dark- 
grey, or black deposit, which, boing powderv, is 
unable to withstand tho processes of burnishing 
and polishing. • 

Silver anodes should be of fine metal, pre- 
ferably annealed, and, therefore, more suscep- 
tible to solution. Their behaviour is an indica- 
tion of the condition of the solution. If a dull 
deposit collects upon thorn, with a falling off in 
the current, more freo cyanide is required to 
dissolve the insoluble single cyanide which 
forms upon them. On the other hand, excessive 
free cyanide unduly promotes the solution of 
the anode, limits the permissible current density 
at the cathode, lowers the cathode efficiency, 
and promotes simple immersion deposition on 
work which is not ‘ quicked.’ T|je amount of 
free cyanide present can easily be determined 
in this and sftber cyanide solutions by titratioij 
with standard silver nitrdte. 


The deposition of gold is practised consider- 
ably on account of the pleasing odour did 
permanence of the deposit. Deposition is easy 
owing to the strong electro-negative character 
of the metal, and for electro-gilding, as with 
electro-silvering, cyanide solutions are used. 
Gold may be applied to metallic surfaces by 
three methods, viz.: (1) mercurial gilding; 
(2) simple immersion ; and (3) the electrolytic 
method. Mercurial gilding is used for heavy 
deposits of gold. An amalgam of gold is first 
prepared by pouring merefiry on to hot gold. 
Excess of mercury is squoezed through chamois 
leather, and the pasty amalgam preserved in 
balls under water. It is applied to the prepared 
metullio surfaco with a wire brush, which has 
first been wetted with a wcaksolution of mercuric 
nitrate. This is rubbed on the amalgam and 
then on to the work, depositing a layer of amal- 
gam. When a uniform coating is obtained, the 
mercury is expelled in a muffle, and the process 
repeated for thicker deposits. The dull surface 
is improved by scratch-brushing. , T.his process 
is still largely employed. 

Simple immersion methods aie followed, for 
mere films of metal, in solutions of very varied 
composition. A moderately strong solution of 
sodium pyrophosphate is prepared (5-10 p.c.), 
and gold chloride added a little at a timo. Tho 
warm solution at once gives up its metal, but 
the deposits can, in any case, only bo very thin, 
though they may bo thickened somewhat by 
‘ quicking ’ in a mercury solution and re- 
immersing in the gold solution. 

Gilding with the separate current is largely 
iractisod, using a solution prepared by the 
ollowing or similar methods : — 

(1) Making a gold sheet tho anode in a 
cyanide solution (4 ozs. per gallon), using a 
cathode contained in a porous cell. The process 
is continued until sufficient metal is lost from 
tho anode or until the solution yields a good 
deposit. 

(2) Precipitating gold chloride with ammonia, 
avoiding excess, and dissolving the washed pre- 
cipitate in potassium cyanide solution. 

The metal content may vary from a few 
pennyweights to a few ounces per gallon. The 
solution is used warm with a gold anode, which 
is electrolytically corroded, or«oy a less desirable, 
though common, method of using an insoluble 
platinum anode and making frequent small 
additions of gold chloride. The colour of the 
deposit varies considerably with the conditions, 
chiefly that of current. Other conditions, such 
as temperature, size of anode, distance between 
electrodes, metal content, also apparently affect 
tho colour ; but these varying conditions 
primarily influence the current. Cold and weak 
solutions give a pale colour, which may be 
improved by warming.* Excessive current 
reduces darker and foxy deposits, which aie, 
owevor, improved by scratch-brushing. More 
satisfactory deposition proceeds when the 
work is kept in motion. The oolour of the 
deposit is heightened somewhat by* a preliminary 
coating of copper, while a deposit of silver has 
the reverse effect, though occasionally required. 
The colour is modified also by the addition of 
copper and silver cyanides to the solution. 
Thick deposits are most satisfactorily obtained 
by occasional scratch-brushing and ‘ quidring.’ 



V tta dtpMftlon Of nfokal is now very largely 
applied on account of the hardness of the deposit 
and 4t« permanence, together with the excep- 
tional lustre which can be imparted to it by 
polishing. The solution most commonly em- 
ployed is : 

Nickel ammoniunt sulphate . 12 oza. 

Water . ' . .1 gallon 

The conditions which affect the electro-deposi- 
tion from this solution have been studied by 
Bennett, Kenny, and Dugliss (J. Phys. Chem. 
1914, 18, 373 ; Bonnet, Rose, and Tinkler, ibid. \ 
1915, 19, 564 ; Hammond, Trans. Amer. Ek'ctro- 
chem. Soo. 1916, 30, 103). To this solution, 
additions are frequently made to increase the con- 
ductance, sol- ammoniac or common salt being 
used. Owing to the fact that no free mineral acid 
is permissible, and the tendency also to the 
formation of nickel hydroxide at the cathode, 
small additions of acids, such as citric, bone, 
or acetic, are made with varying success. 
Tho only codification in the above solution 
which adds any appreciable advantage, is 
that of nickel sulphate, winch is so much more 
soluble than tho double salt, and from which, 
therefore, much stronger and therefore better, 
conducting solutions can be prepared. For 
thick deposits, Langbem recommends the use 
of 3 lbs. of nickel sulphate per gallon, with the 
addition of ethyl sulphate or ihagnesium ethyl 
sulphate. On account of the greater stability 
of nickel compounds and the poor solution of 
the anodes, and alsf) the absence of free mineral 
acid, a distinctly higher E.M F. is required 
than for copper deposition, vi z. 5-6 volts for 
‘striking,’ that, is, rapidly coating the work 
with nickel, and then 2-3 volts for depositing 
the bulk of the metal. The absence of free acid 
necessitates especial care in tho preliminary 
cleansing processes, most work being finally 
passod through a weak solution of cyanide 
(5 p.o.), and quickly and thoroughly rinsed 
before being put into the vat. The nickel- 
plating solution is usually worked cold, and is 
conveniently contained in lead-lined vats. 
Anodes may be of cast or rolled metal, the cast 
being much superior, as its porosity assists its 
oorrosion under the influence of tho eurront. 
Rolled metal is # but little attacked by the 
anion S0 4 , and, failing the solution of the 
anode, sulphuric acid is produced and oxygen 
evolved j.thus : 

S0 4 +H 2 0=H 2 S0 4 +0 
This acidity is to be avoided, and with it 
there is a diminution in tho metal content of 
the solution which is similarly undesirable. 
Cast anodes aro therefore much more largely 
used, more uniform conditions being main- 
tained with them.* # On account of Hie high 
E.M.F. used, some hydrogen is evolved at the 
cathode, though'the current efficiency should not 
ordinarily fall below 90 p.o. Occasional motion 
of the work is desirable in order to disengage 
any bubbles yhich may collect. Once deposi- 
tion has commenced, the work should not be 
exposed more than momentarily, otherwise an 
imperceptibly thin film of oxide will form and 
almost entirely prevent the adhesion of further 
deposited metal. In fact, it is considered 
impossible to successfully deposit niokel on such 


a surface or on a previous deposit. *On this 
account, previously nickelled work should be 
ontirely freed from its niokel, and, while this 
may be done by acid solutions, common practice 
follows the method of polishing, at the same 
time preparing the surface for the new deposit. 
Copper and brass work is nickelled direotly after 
the usual cleaning operations, whilst positive 
metals like zinc and Britannia metal require a 
revious deposit of copper from the cyanide 
ath. According to Canac and Tasilly (Compt. 
rend. 1914, 158, 119), aluminium is readily 
platod with a durable coating of nickel by first 
plunging the metal in a boiling potassium 
hydroxide solution, scrubbing it with milk of 
lime, followed by steeping in a 0'2 p.c. solution 
of potassium cyanide for some minutes, after 
which it is transferred to a bath of 500 grams of 
hydrochloric acid and 1 gram of iron in 600 c.o. 
of water. Between each bath it is well washed 
with water, and then plated electrolytically in a 
solution of nickel chloride. The success of the 
plating apparently depends on the use the 
ferruginous bath. Iron and steel may be 
nickelled without coppering, the polished surface 
being first rendered somewhat dull by scouring 
with finest pumice. The deposit should be 
kept bright, and tins is attained by a current 
density not exceeding 5 amperes per square 
foot. Higher current densities produce dull 
deposits, tending to become powdery on the 
edges. The nickel deposit is very hard, and the 
final lustre is obtained by 1 finishing ’ with 
Sheffield lime, which produces a highly lustrous 
surface. In addition to the extensive cycle and 
motor industry, nickel-plating is applied con* 
siderably for small machine parts and instru- 
ment work and for ‘ facing ’ stereotypes, the 
deposit being much more durable than the 
stereotype metal. 

Tho deposition of iron is carried out on lines 
similar to those for nickel, solutions of ferrous 
sulphate or ferrous ammonium sulphate being 
used. These must be entirely free from mineral 
acid, more so than in the case of nickel, and 
water should be well boiled before being used, 
to expel air and prevent the oxidation of ferrous 
to ferric compounds. Ferric compounds under 
electrolysis yield little metal, being first reduced 
to ferrous at the cathode. The process is not 
much used beyond tho application in ‘steel- 
facing ’ engraved plates. The iron deposit 
obtained is free from carbon, but is very Hard. 
Anodes of the softest wrought iron containing 
a minimum of carbon are desirable, and require 
occasional scouring to remove the layer of 
insoluble carbon. The deposition of iron has 
also been usod for thicker deposits, which have 
subsequently been removed and examined to 
investigate the properties of pure iron, and to 
more successfully determine the effect of im- 
purities. For ‘ steel facing,’ the engraved plates 
are cleaned, any scouring being done with only 
a light brush. The plate is then hung in the 
bath and covered quickly by ‘ striking.' Depo- 
sition is # then continued more slowly for 10-15 
minutes. The deposit is very hard and with- 
stands the printing process much better than 
copper. Wnqp the deposit shows signs of wear 
by the euqiosure-of copper, the metal is simply 
: qpd readily removed oy immersio* for a short 
' time in a 6-10 p.c. sulphuric acid. By voltaio 
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action tBe iron is soon dissolved from the plate, 
and, after a light scouring with a fibre brush 
and subsequent rinsing, the plate is again 
immersed in the solution to receive a further 
coating of iron, thus considerably lengthening 
its life. For a review of the work done in the 
commercial electro-doposition of cadmium, see 
Mathers and Marble, Trans. Amer. Electroehom. 
Soc. 1914, 25, 297 et seq. 

Of several cobalt solutions the following 
yield the 'best results: (1) crystallised cobalt 
ammonium sulphato, 200 grams per litre of 
water ; (2) cobalt sulphate, 312 gramB ; sodium 
chloride, 19‘6 grams ; boric and, nearly to 
saturation ; water, 1000 c.o. From these solu- 
tions, cobalt plates on brass, iron, steel, copper, 
tin, nickel-silver, lead, and Britannia metal, 
the coating being firm, adherent, hard, and 
uniform. When polished, the surface, although 
brilliantly white, has a slight bluish tint. Com- 
pared with nickel-plating, the plating with 
solution (1) is four times, and with solution (2) 
fifteen times, more rapid, but the voltage 
required is greater than that used for most 
nickel-plating baths. Since cobalt is harder than 
nickel, a much thinner coating of cobalt will 
offer the same protective coating as a greator 
weight of nickel deposit ; thiclc deposits of 
cobalt arc superior in appearance and character ] 
to those of nickel (Kalmus, Harper, and Saveli, 
J. Ind. Eng. Chera. 1915, 7, 379; Cliem. Soc 
Abst. 1915, 107, ii. 465). 

Deposition of alloys. (1) Brass. From mixed 
solutions of zinc and copper sulphates with 
the addition of acid, copper can be completely 
deposited free from zinc, this principle being 
applied in electrolytic analysis and also in 
refining. With salts more alike in stability, thiH 
condition being attained in the double cyanide 
solutions, tho two metals are deposited simul- 
taneously in proportions varying with conditions. 
The cyanides are invariably used for this purpose, 
the zinc and copper compounds being used in 
about the same quantity. Tho mixed solution 
may be prepared in many ways, of which tho 
following are in common use : — 

(a) Treating solutions of the mixed sulphates 
with excess of ammonia and adding about 30 p.c. 
more cyanide (KCN) than is required to decolour- 
ise the blue solution. 

( b ) Preparing a solution of potassium 
oyanide (1-1| lbs. per gallon) and saturating 
about three-quarters of it with tho mixed 
carbonates of zinc and copper, subsequently 
adding the remaining solution for ‘ free 

The solution may bo used warm 
If cold, a higher concentration is desirable, 
and also a smaller proportion of zinc compound. 
If warm, the zinc compound should be increased 
and the solution may be safely diluted. Brass 
anodes are used, which, in a warm solution with 
a fair proportion of free cyanide, dissolve under 
the influence of the current. Lack of free 
cyanido gives rise to the formation of a deposit 
of tho two single compounds on tli^ anode, 
adding resistance and reducing the current, and 
thus altering the colour of tho deposit. The 
oolour and composition of the deposit vary 
with several conditions. In central, jhe con- 
ditions which demand a higher*E.M.F. give rise 
to slighter depfoit containing more zinc, whilst 
those whioh redjjcejbhe resistance of the solution 


cyanide.’ 
or cold. 


tend to the production of redder deposits Con- 
taining more copper. Thus more yellow deposits 
are produced in cold dilute solutions with little 
free cyanide, whilst the copper in the deposit 
is increased when the solution is strengthened or 
warmed, or more froo KCN added. The com- 
position of the deposit is controlled also by the 
proportion of the two motals in' the solution, 
and the fact that from cyanide solutions copper 
and zinc are ordinarily cleposited in the propor- 
tion of 63 T> of copper : 32 ;5 of zinc accounts 
approximatolyfor the 2 : 1 proportion in deposited 
yellow brass. The colour of the deposit is 
lightened by tho addition of ammonia or 
ammonium carbonate, these substances assisting 
the solution of tho zinc compound, which is less 
soluble than the copper compound, and pre- 
venting tho formation of basic compounds. 

Tho methods of deposition of brass follow 
on the same lines as those of copper from the 
cyanide solution. 

(2) Other alloys are deposited to only a 
very limited extent. The choice* of. solutions 
depends upon the ease of mixture of solutions 
from which the constituents can be separately 
deposited Thus for bronzo, the sulphate, 
chlorido and cyanide solutions, are unsuitable. 
A satisfactory mixture can be made from the 
double oxalates of the two metals with ammo- 
mum oxalate, the solution being worked warm 
with a bronze anode. Similarly, a solution 
from which nickel silver may be deposited 
may bo prepared by mixing, tho separate double 
cyamdos of copper, zinc, and nickel with potas- 
sium cyanido, or by dissolving tho alloy m 
nitric acid, precipitating the mixed carbonates 
and dissolving the mixture in cyanido. Tho 
deposition of these alloys is subject to the samo 
conditions as for brass, attention being paid to 
those conditions which facilitate the deposition 
of tho more positive constituents, viz. tin, zinc, 
and nickel 

The electrode position of zinc has of late years 
been extensively carried on. As a protective 
coating for iron and steel an electro deposit has 
great advantages over the ordinary process of 
galvanising. The sulphate solution is commonly 
usod. In some cases zinc anodes are employed 
and theso to a large extent maintain a constant 
composition of solution. Other processes employ 
insoluble anodes, resulting in the formation of 
sulphuric acid equivalent m quantity to the zino 
deposited. The deposition of zinc from su.ch 
acid solutions demands special conditions, and 
for general plating purposes the free acid thus 
formed is neutralised by filtering the liquid 
through zinc dust. From neutral solutions 
there is the tendency for tho formation of basic 
compounds leading* to tho growth of mossy 
deposits. Such addition, Agents as glucose 
beta-naphthol, &c., lead to a considerable 
improvement in the character of the deposit. 

Another extending application of zino 
deposition is found in the recovery of zino 
from liquors produced by treating certain zino 
. ores with weak sulphuric acid. The zino is 
usually present to the extent of 0-10 p.c. By 
electrolysis this- is reduced considerably, and 
the acid solution formed by the uso of insoluble 
anodes is then used for extracting the zino 
compounds from a further quantity of ore. The 
process has been applied largely at Anaconda, 
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Deposition of tin may be successfully carried 
out from a number of solutions. The chloride 
yields a beautiful crystalline deposit, but 
reguline deposits may be obtained from solutions 
of the stannite, stannate, or double oxalate with 
ammonium, with ease. They are prepared as 
follows : — 

( 1 ) The hydrate is precipitated from stannous 
chloride with alkali, and the precipitate dissolved 
in excess of alkali. . 

(2) By converting the metal to hydrated 
oxide with nitric acitl, and dissolving the washod 
oxide in alkali. 

(3) By adding a solution of ammonium 
oxalate to tin chloride. A white precipitate first 
forms, and this is soluble in excess. 

Solutions containing from 1 to 2 ozs. of motal 
per gallon are of convenient strength. From 
these solutions tin may be obtained as a regulmo 
deposit within certain limits of current density 
Excessive current produces a grey spongy 
deposit, which may, however, be considerably 
improved by the addition of a small amount of 
glue or gelatine, thereby extending the limit 
of allowable current Solutions of modoralo 
strength yield metal quantitatively, and the 
anode surfers normal corrosion, maintaining the 
strongth of the electrolyte. The dull wluto de- 
posit is improved by gentle scratch-bruslung 
with a soft brush. Tin may also be deposited 
without the cufrent by using an oxalic acid 
solution to which tin chloride is added The 
metal is deposited Jby simple immersion, and 
the process may be improved by the addition 
of grain tin with the work, winch facilitates 
deposition by local voltaic action, while tin 
as^es into the solution. The process is hastened 
f y immersing the small work in /.me trays, the 
zinc passing into the solution as an anode. In 
this case the solution must be replenished with 
tin chloride, and rejected whim any largo amount 
of zinc has accumulated in it 

The deposition of lead may be similarly j 
effected from alkaline solutions, winch yield 
rogulme deposits, whilst the acetate produces the 
well-known crystalline deposit. The process 
has but little application, but more recently the | 
deposition of tho metal has been successfully 
applied by Betts to the refining of tho metal 
The electrolyte is ft solution of lead fluosilieide, 
which may be made by dissolving the oxide or 
carbonate in the acid. With unielinod unodes 
the load passes into solution, whilst silver is 
retained in the anode mud. (food reguline 
deposits are obtained by the addition of glue 
or gelatine in small amount. 

More recently, lead perchlorate has been 
successfully used. Perchloric acid is prepared 
from the sodium salt with a slight excess of 
hydrochloric acid. 'Insoluble sodium chloride 
is filtered off and the acid liquid evaporated 
down to 135° C. until excess of hydrochloric 
acid is expelled. The perchloric acid solution 
is diluted and neutralised with litharge, a small 
proportion of the acid being set aside to add 
to the lead perchlorate solution, so that lead 
and free acid are present to the extent of about 
6 p.c. each. Very satisfactory deposits are 
obtained from this solution, especially with the 
addition of peptone in the proportion of 0‘05 
p.o,, and deposits of considerable thickness may 
thus be produced. With moderate current 
Vot* II— T, 


densities deposition proceeds almost quantita- 
tively, and this with the high chemical equivalent 
of lead has suggested its use for voltmeter 
purposes. 

A feature of lead deposition is the production 
of lead peroxide at tho anode. This has long 
been known, and the production of coloured 
rings and films was first observed by Nobili, in 
1820. Thus in a solution of lead acetate, or of 
litharge in alkali, and a polished anode of nickel 
or iron, coloured rings arc obtained if a wire 
cathode is held close to the anode. The colours 
are duo to tho gradually varying thickness of 
the film, which brings about interference in the 
j light falling upon them. With anodes of other 
| shapes tho colours follow the shape of the 
! anode, though they pass off into a more or less 
rounded form. These colours are called ‘ metallo- 
] chromes.’ With excessive current a dull-brown 
| deposit of lead peroxide is at once formed. 

; Anodic deposition of lead peroxide is also 
j applied m the estimation of small amounts of 
I lead m certain alloys from solutions containing 
J nitric acid. 

j The deposition of platinum is carried out from 
a solution of the chloride m sodium phosphato. 
A platinum anode is insoluble and the solution 
needs tho addition of the platinum compound. 

brown colour sometimes occurs owing to some 
of the metal passing into the colloidal form. 

Palladium may bn successfully deposited 
from a solution of its double chloride, and the 
process lias been applied by Cowper-Coles for 
producing a non-corrodible covering for olectro- 
lytically deposited parabolic mirrors in copper. 

Cobalt deposition follows on lines similar to 
those for nickel ; mercury, which may be deposited 
fiorn tho nitrate solution, lias been applied to 
the construction of electrolytic meters, in 
which a small and definite fraction of the total 
current is shunted through a cell in which 
mereuiy is deposited, the weight of the mercury 
deposit automatically recording tho current 
passing through tho meter, and at constant 
potential difference the energy absorbed in the 
circuit. S. F. 

ELECTRUM v. Nickel. 

ELEMI v . Olko-rusins. 

ELEMI, ESSENTIAL OILS OF, v. Oleo- 

I ItESJK.S. 

| ELEMICIN (3 : 4 : 5-trimothoxyallylbenzene). 
A constituent of the essential oil of elemi has 
been synthesised by Mauthner (Annalen, 1917, 
414, 250) by condensing allyl bromido and 
pyrogallol-2 : G-duncthyl ether, which yields 
2 : (i-diifiethoxyphenyl allyl ether (I.), which, 
by heating at 220° is converted into 2 : 0-di- 
methoxy-4-alIyxphenol (II.); this, on methvla- 
tion, yields elemicin (III.) : — 

O'CH a :CH:0H 2 OH 
MeO/NoMe MeO/^.OMe 

K) U 

CH 2 *CH :0H a 
(I) • (ID 

OMe 

Meo/NoMe 

*CH t CH:0H, 

1 (III) 

2 8 
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ELEMOL, C 18 H 26 0, a naturally-occurring 
monocyclic sesquiterpene alcohol found in 
Manilla elemi oil ; b.p. 152°— 166°/17 mm. ; 
D ao 0-9411; 1*6030; a D -5°. Forms a 

benzoate; b.p. 214°-218°/10 mm.; D 20 1*02 87 ; 
» D 1*6378; Elemol, when reduced by 

means of formic acid, sodium hydrogen sulphate, 
or zinc-dust, yields Elernme 0 15 H 24 ; b.p. 115°- 
117°/10 mm. ; D 2 » 0 8797 ; n D 1*4971. 

Elemol is the first monocyclic sesquiterpeno 
alcohol to be found in Nature or to be obtained 
artificially (Sommler and Liao, Ber. 1916, 49, 
794). 

ELIQUAT10N or LIQUATION. A metallur- 
gical term to denote the operation of separating 
substances by taking advantage of their different 
fusibilities. 

ELLAGIC ACID. Ellagic acid. C J4 H g O R , is 
obtained from numerous tannin matters winch 
contain an ella^i tannin by boiling the aqueous 
extract with dilute sulphuric acid. In many 
caftfs it is found in the treo state, due probably 
to the hydrolysis, by fermentation, of the 
ollagitannin or ellagic acid glucoside originally 
present, and such a fermentation frequently 
occurs when aqueous extracts of the tannin 
matters are allowed to stand for some time. 

Divi-divi ( Ccetialpinia conaria ( Willd.J) (Lowe, 
Zoitsch. anal. Chem. 1876, 14, 40), myrobalans 
( Termvnalia chebula [Ratz.]) (Lowe, ibid.), 
algarobilla (Cawdpmia brcmfolia) (Zolflel, Beil- 
stein, 2, 1086), and v&loma (Quricu. s aeg dojis 
[Linn.]) yield considerable quantities of ellagic 
acid, and are tho best natural sources of this 
material. It has also boon isolated from oak 
galls (Chevreul, Ann. Chun, Phys. 1828, [2] 9, 
329) ; oak bark (Etti, Montash 1880, 1, 226); 
the bark of Fieea exccba (Link.) (Strohmer, 
ibid. 1881, 2, 539) ; pomegranate nnd (Rem bold, 
Annalon, 18(57, 143, 288) ; Quebracho Colorado 
(Perkin and Gunnel. Chem. Hoc. Trans. 189(5, 
69, 1307) ; Aidmtaphylm vva-vi.si (Spreng ) 
and Cortanu myrh folia (Linn.) (Perkin, ibul. 
1900, 77, 424) ; llainatoxylon latupcachanvm 
(Linn.) (Perkin, ibid. 1897, 71. 1137) ; the fruit 
of Ca’salpmia digyna (Rottl ) (Nierenstein, 
Chem. Zcit. 1909, 87) ; and the bark of Terrain- 
alia cakrppa (Lmn.) (ibid.). In fact, ellagic acid 
probably always occurs, if only m minute 
quantity, in all plant products which contain 
gallotannin. Most interesting are the Oriental 
bezoar stones, concretions which aro found in 
the stomachs of goats and other animals, and 
consist largely of ellagic acid. These originate, 
without doubt, from the fact that the- animal 
has fed upon plants in which some quantity of 
an ellagitannin is present. 

Ellagic acid was first discovered by Chevreul 
(Ann. Chim. Phys. l.c.) m oak galls, and more 
closely examined by Braeonnot (ibid. 9, 187). 
According to Pelouze, it possessed the com- 
position C 7 H 4 0 4 (ibid, 64, 356) ; whereas 
Merklein and Wohler (Ann. Chem. Pharm. 
65, 129), who isolated it from bezoar stones and 
termed it * bezoaric acid,’ showed that its true 
formula is C^ 4 H 8 0 8 . , 

The precipitate of crude ellagic acid, which 
is produced by boiling the tannic* extract with 
dilute mineral acid, is purified*. by washing with 
alcohol ant subsequent recnrstallisation. A 
similar procedure is als8 satisfactory with the 


deposits so frequently produced by fermentation 
and alluded to above. Ellagic acid is most 
readily crystallised from pyridine (Perkin and 
Nierenstein, Chem. Soc. Trans. 87, 1416), and 
the product, which is either a pyridine com- 
pound or contains pyridine of crystallisation, is 
washed with alcohol. 

Lowe (Zeitsch. Chem. 1868, 4, 653) was the 
first to prepare ellagic acid synthetically by 
oxidising gallic acid with arsenic acid, ana this 
was subsequently accomplished by Ernst and 
Zwenger (Annalen, 1871, 159, 32) by heating 
ethyl gallatc with sodium carbonate solution 
m the presence of air, and by Griossmayer 
(ibid. 1871, 160, 65) by heating gallic acid with 
water and iodine. It is readily produced by 
oxidising gallic acid dissolved in acetic acid by 
means of potassium persulphate and sulphuric 
acid (Perkin and Nierenstein, l.c.), and together 
with flavellagic acid by the addition of potassium 
persulphate to a solution of gallic acid m sul- 
phuric acid (Perkin, ibid. 190fi, 89, 251). Under 
similar conditions, gallotannin produces ellagic 
acid (Nierenstein, Ber. 1908, 41, 3015 ; and 
1909, 42, 353), and it can also be prepared by 
boiling the tannin with hydrogen peroxide 
solution (ibid 1907, 40, 917). Herzi^ and 
Bronneek obtained good results by passing air 
through an ammoniacal solution of gallic acid 
ethyl estei, and also of gallotannin (Monatsh. 
1908,29) ; whereas Sisley (Bull. Soc. chim. 1909, 
[4] 5, 727) prepared ellagic acid from tannin by 
means of alcoholic potassiunj hydroxide solution. 
According to Itupe, a (it) p.c. yield is produced 
when gallic acid in sulphuric acid solution is 
oxidised with sodium nitrite (Chemie d. naturl. 
Far bs to fie, 1909, 2 1(52). 

Ellagic acid crystallised from pyndine forms 
prismatic needles, which are converted by alcohol 
into a pale yellow crystalline powder ; but when 
purified by means of its acetyl derivative, the 
product is almost colourless (Perkin and Nioron- 
stein). It is very sparingly solublo in all the 
usual solvents, dissolves m alkaline solutions 
with a pale yellow colour, and from these 
liquids, when diluted with hot alcohol, is 
deposited on acidifying in a crystalline con- 
dition. When heated it does not melt below 
360° ; and sublimes at higher temperatures 
with considerable carbonisation. With nitric 
acid containing nitrous acid and subsequent 
dilution, it gives a blood-red colouration (Griess- 
mayor’s reaction), and this property, considered 
at one timo to bo characteristic, is known to be 
also possessed by flavellagic acid (Perkin). 

According to Merklein and Wohler (l.c.), the 
alkaline solution of ellagic acid becomes reddish- 
yellow on exposure to air, and deposits black 
crystals of potassium glaucomelanate 
K 2 C 12 H fl4 0 7 

When boiled with phenylhydrazine in alcoholio 
solution, or when carefully heated with phenyl- 
hydrazine, ellagic acid forms the product 
C 0 H 5 NH*NH 2 ,C J4 H g O 8 , which crystallises in 
yellow needles, and is readily reconverted into 
ellagic acid. Ellagic acid gives similar com- 
pounds with aniline and quinoline (Goldschmiedt, 
Monatsh. 1905, 26, 1139). 

TeiraacetyleUagic acid, C 14 H.0 8 (C t H,0) 4 , 
(Barth and Goldschmiedt, Ber. 1878, 11, 846; 
Sehiff, ibid. 1876, 12, 1534; Zolffel, Arch. 
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Pharm. 229, 123), colourless needles, m.p. 
343°-346° (Perkin and Nierenstein) ; tetra- 
benzoyleUagic acid C 14 H 2 0 8 (C,H 5 0) t , colourless 
needles (Goldsohmiedt and Jahoda, Monatsh. 
1892, 13, 151), m.p. 33fi°-333 0 (Perkin) ; rUagic 
acid monomethyl ether C, 4 H.0 7 (00H 3 ), yellow 
crystalline powder (Goldschmiedt, Monatsh. 
1905, 20, 1139) ; diaeetylellagic acid monomethyl 
ether C 14 H 3 0 7 ((XlH 3 )(C s H 3 ()) i , crystalline pow- 
der (Goldschmiedt^ ; ellagic acid dimethyl ether 
C, 4 H 4 0 # (0CH 3 ) 2 , crystalline powder (Gold- 
schmiodt) ; and ellagic acid teiramethyl ether 
C, 4 H,0 4 (0CH 3 ) 4 , colourless microscopic needles 
(Goldschmiedt ; Herzig and Poliak, Monatsh. 
1908, 29, 203), have been described. 

Ellagic acid gives the following salts : 
KC 14 H 6 0=, minute yellow noedles (Perkin and 
Wilson, Them. Soc. Trans 1903, S3, 134); 
K 2 0 J4 H 4 0 8 , prisms (Morklem and Wohler; 
Perkin and Wilson) ; K 2 O i4 H 4 O k ,KOH, micro- 
scopic prisms (Merklein and Wohler) ; 


. Na 3 G 14 H 4 O a 

crystalline powder ; N T a(', JhOg.H/h yellow 
needles (Ernst and Zwengcr, Annalen, 1871,' 
159, 32). 

The tinctorial properties of ellagic acid are 
somewhat feeble, but m 1887 it. was placed on 
the market by Messrs. Meister, Lucius, and 
Priming, under the name of ‘ Akzarin Yellow in 
paste,’ and was* recommended aR yielding, with 
chromium mordants, greenish -ycliow shades of 
considerable permanence. 

Rem bold (Annalen, 1867, 143, 288) states 
that when ellagic aeirl is treated with sodium 
amalgam, it gives y - h exah ydroxydi ph ev yl 

0 12 H 4 (()H) fl 


three distinct mjohydroellagtc acute G 14 H 
O 14 H 10 ()„ and glaucohydmeUayir 

acid ; but, according to Microns tom (Bor 1908, 
41, 1049), this latter compound is in reality tho 
pentahydroxycbphenylmethylolid referred to 
later. By the action of boiling potassium 
hydroxide solution (Barth and Goldschmiedt, 
Ber. 1879, 12, 1242), ellagic acid gives hexa- 
hydroxydiphniykncletone (Vj G, 3 H h 0 7 , by fusion 
with potassium hydroxide 13-hexahydurxydi- 
phenyl, and by fusion with sodium hydroxide 
y-hexahydroxydi'pltenyl , together with some of 
the j8- compound. 

When ellagic acid is distilled with zme -dust 
fiuorene ft produced (Rembold, Ber. 8, 1494 ; 
Barth and Goldschmiedt, ibid. 11, 846 ; cf. also 
Graebe, ibid. 1903, 36, 212). 

As a result of their investigation. Barth and 
Goldschmiedt (ibid. 1879, 12, 153) suggested 
that ellagic acid could be represented by ono of 
the two following formulae : — 


( 1 ) 


H 

/V(0H), 

C Nv|OH), 

ISf 


( 2 ) 


H 

<V(QH), 


yA't I'” 
C0<|>0 

ioOH 


and of these the first was preferable. 

Whereas such a constitution requires the 
preeenoe of five hydroxyl groups, Schiff (Ber. 
1879, 12, 1634) considered that aeetylellagic 
aoid was C ]4 H 2 (CjH 8 OLO., and this was 
subsequently corroborated by Zolffel (Arch. 


Pharm. 229, 123). Schiff, at the same time, 
proposed two formulae for ellagic acid : 

/°\ C0 \ 

XH(0H) 2 0-1 - x C fl H(0H), 

(j) I (2) I 6 I 

00 ~7 c * H(0H)a 


the latter of which is identical with that pre- 
ferred by Graebe (lx.). In a later investigation, 
Goldschmiedt and Jahoda (Monatsh. 13, 49), as 
the result of their preparation of tetrabenzoyl- 
ellagic acid, were satisfied of the existence in 
ellagic acid of hut four hydroxyls, and con- 
sequently adopted their second formula. 

Graebe (Ber. 1903, 36, 214), among other 
criticisms, pointed out that a substance having 
this constitution, and which may be more clearly 
written as follows (1) : — 



would yield, on distillation" witlfzinc-dust, not 
fiuorene, but an isomeric hydrocarbon (2), if 
this, indeed, were capable of existence. In the 
same paper this author announced the interesting 
fact that diphenylmcthylolid 

A^° ' 


U 


/ 


on distillation with zinc- dust, gives not only 
diphenyl and methvldiphenyl, but also fiuorene ; 
and in a theoretical discussion of the subject, 
suggested that Sehifi’s second formula (given 
above) most probably represents the true con- 
stitution of this substance. 

The subject was reinvestigated somewhat 
later by Perkin and Nierenstein (l c.), who, on 
digesting ellagic acid with boiling potassium 
hydroxide solution, obtained Barth and Gold- 
schmiedt’s so-called hexabydroxydiphenylene- 
ketone (* ia H 8 0 7 . From this substance a penta- 
acetyl derivative O, |H 3 0 7 (0 2 li 8 0) 5 , prismatio 
needles, m p. 224°- 226°, and a pentabcnzoyl 
derivative, C 13 H‘ 3 0 7 (( , 7 H r) 0) r) , plates, m.p. 257 - 
259°, were prepared. As, moreover, zinc-dust 
distillation gave fiuorene, there could be little 
doubt that this compound was in reality 
peniahydroxydiphcnylmethylolul , as, indeed, was 
surmised by Graobe : 



From their results, together with a study of 
other similar compounds, Perkin and Nierenstein 
considered that Schiff’s formula, and which can 
be more clearly written thus : 


H °o-n 

HOWCO-OUOH 
0 OH 


i# a correct representation of the constitution of 
ellagic acid. 
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Finajlv, Heroic and Poliak (Monatsh. 1908, 
29, 263), by a study of the inethylation products 
of ellagio acid, obtained results further corro- 
borating this constitution. 

When Goldschmiedt’s tetramethylellagic acid 
is digested with alcoholic potash and methyl 
iodide, diphenyl - 1 : 2 : 3 : 6 : 7 : H-hexamethoxy-5 ; 
li)-di-carboxylic methyl ester (m.p. 109°-111°) : 


/.-COOCHj 

/io\- 


/,o\ | 1 j,0CH s 

) ch,oMoch 8 cooch 9 ^och # 
och 3 


OCH, 


is obtained, together with a small quantity of 
diphcnylmethylolid-2 : 3 : (> : 7 : 8 - flcntamethoxy- 5- 
carboxylic acid methyl ester (2), m.p. 187°-189° : 


Ol® _ < 


- 00 - 


- 0 - 




(2) CH a rf JOCH, C00CH a '» jlOCH a 8 

. OCH, 7 

By means of alcoholic potash, these com- 
pounds (1) and (2) yield respectively diphenyl- 
1 : 2 : 3 : 6 : 7 : H-hexamethoxy-5 : 10 -dicarboxyhc acid 

(3) , m.p. 238°- 240°, and dtphevyl-2 : 3 : 6 : 7 : 8- 
pcntamet hoxy-\ -hydroxy -5 : 10-dicarboxyhc acid 

(4) , m.p. 206°-203° : 

^-COOil ^ CH3 

y>CH, 

Joch 3 


(3) 


CHjO^OOHj COOH 1 
OCH, 

COOH 


(4) 


OH 

1 1 fr- 

CJH.O^OOH, C00H\y00H 3 
OCH, 


Ellagic acid is probably not a tanning material 
in the true sense of the term, but is of consider- 
able importance nevertheless in the tanning 
process. Thus the ellagitanmc acid absorbed 
by the hide is at least m part converted into 
ellagic acid, and the deposit thus formed adds 
weight and bloom to the finished article. 

Other mombors of this group have been pre- 
pared from w-hydroxy benzoic acid, p-hydroxy- 
Denzoic acid, proto -catechuic acid, sym. diliy- 
droxybenzoic acid, gallic acid, and from ellagic 
acid itself. An account of these is given below. 


Flavki.lauio Acid. 

Flavellagic acid C 14 H fl 0 9 is obtained- jn con- 
junction with ellagic acid when gallic acid is 
oxidised with potassium persulphate and 
strong sulphuric acid. By the employment of 
a dilute acid, flavellagic acid almost free from 
ellagic acid can be produced, and for this pur- 
pose the following process is recommended 
(A. G. Perkin, Chem. Soc. Trans. 1906, 89, 251) : 
20 grams of gallic acid are treated with 1(50 c.c. 
of 96 p.c. sulphuric acid, 66 c.c. of water added, 
and the hot solution thus obtained is cooled to 
C0°, and maintained at this temperature during 
the gradual addition of 40 grams of potassiufoi 
persulphate. A. G. Perkin and F. M. Perkin 
(Chem. Soe. Trans. 1908, 93, 1194) nave obtained 
the same coihpound by the electrolytic oxidation^ 
of gallic acid in the presence of sulphuric acid, 


and more recently Bleuler and Perkin7(*6*& 
1916, 109, 530) have prepared it by heating 
gallic acid at 110°-120° with arsenic and sulphuric 
acids. 

Flavellagic acid crystallises from pyridine 
in small yellow prismatic needles which contain 
pyridine, and do not melt below 360°. With 
nitric acid containing nitrous acid and subse- 
quent dilution, it gives the blood-red colouration 
(Griessinayer reaction), which is also produced 
by ellagic acid. Dilute alkalis dissolve it with 
a yellowish-green colouration, and by distillation 
with zinc-dust fluorene is produced. Acetyl - 
flavellagic acid C l4 HO 9 (0 2 H a O) 6 , colourless 
needles, melts at 317°-319°, and benzoylflavellagic 
and G 14 H() # (0 7 HjO) ? , prismatic needles, melts 
at 287°-289°. Flavellagic acid dyes mordanted 
woollen cloth shades somewhat resembling but 
stronger than those produced by ellagic acid. 
Chromium Aluminium. Tin Iron . 

Yellowish- Pale greenish- Pale Dark olive- 
olive. yellow. yellow. brown. 


By the action of boiling 50 p.c. 1 potassium 
hydroxide solution, flavellagic acid gives hex a- 
hydroxydiphenylmetkylulid 



colourless needles (m.p. above 300°). This 
compound dissolves in solutions of the alkali 
hydroxides with an orange-yellow tint, and this, 
on dilution with water and exposure to air, 
develops a strong bluish- violet colouration. The 
acetyl derivative C ]3 H 2 0 8 (0 2 H 8 0) 8 , colourless 
prismatic needles, melts at 232°-234°. Flavell- 
agic acid is hydroxyeilagic acid, and possesses 
the following constitution : — 

HU 
HO 


-- O — CO -7. 

/\()H 


OH 

OH 


(cf Hcraig and Tscherne, Monatsh. 1908, 
29, 281). 

Flavellagic acid gives with diazomethane 
the methyl ether C. 4 H0 4 (0I\1e) 6 , m.p. 245°; 
and this is converted by methyl iodide and potas- 
sium hydroxide into methyl - 3 : 4 : 5 : 6 : 2 ' : 3' : 4'- 
heptamethoxydiphenyl- 2 ; Q'-dicarboxylatc 
C 12 H(QMo) 7 (C0 2 Me) 2 

m.p. 83°-87°. The latter, on hydrolysis with 
potassium hydroxide, yields the acid 
C 12 H(0Mc) 7 (C0 2 H) 2 

m.p. 163°-167°, in the anhydrous* condition. 
From water it crystallises with lH g O and then 
melts at 96°-100° (decomp.) (M. von Bronneck, 
Monatsh. 1908, 29, 281). 

When gallic acid 3 : 4-dimethylether, or gallic 
acid trimethylether is oxidised by means of 
potassium persulphate and sulphuric acid at 
45° (Herzig and Schmidinger, Monatsh. 1910, 
31, 918), fiaidlagic acid tetrameihylkher 





teioie a m 




yellow needles, m.p. 270°~271°, Is produced, 
the acetyl derivative of which melts at z70°-271°. 
By means of methyl sulphate and potassium 
hydroxide, the heptamothoxy compound is 
obtained. 


CtERULlSOEJiAGlO ACID. 

Cieruleoellagic acid is prepared by heating 
ellacic or flavellagic acid (1 part) with sulphuric 
aoid (monohydrate'lO parts) to 200° and allowing 
the temperature to fall to 185°- 190° and remain 
there for 30 minutes. The product isolated 
by pouring into water is purified by conversion 
into its acetyl derivative, and this is subsequently 
hydrolysed by means of sulphuric acid in the 
presence of acetic acid. It may also be obtained 
by the oxidation of ellagic or flavellagic acids 
(1 part) in sulphuric acid solution (10 parts) 
with arsenic acid (1 part) at 100°- 130° (Perkin, 
Chem. Soe. Trans. 1916, 109, 529). 

GcemleoeUagic acid , (! J4 H # O )0 , separates from 
hot pyridine in small pale yellow prismatic 
needles which melt above 360° and are very 
sparingly soluble n the usual solvents Con- 
centrated solutions of the alkali hydroxides 
dissolve it with a greenish -yellow colour, which 
on dilution become green and finally of a blue 
colour, and these changes appear to arise from 
oxidation. Sodium and potassium carbonate 
solutions also give blue liquids.* On distillation 
■with zinc-dust fluorene is produced 

Acelylc andeodlag ic acid, ('i«O J 0 (O 2 H s O) # , 
colourless needles, m.p. 330°-332°, and bcvzoyl- 
caruleoeUagic add 0 14 H I0 (O,ILO)., m.p. 343°- 
345°, have been prepared The latter is more 
sparingly soluble in benzoic anhydtide than the 
oor.esponding derivative of flavellagic acid, and 
thh property provides a means for the separation 
of the two substances. 

By digestion with 50 p.c. potassium hydroxide 
solution diluted with its own volume of alcohol, 
coeruleoellagio acid givos a compound C J2 H J0 O 8 , 
evidently oclohydroxydtphcnyl. This consists 
of an almost colourless crystalline powder, 
soluble in dilute potassium hydroxide solution, 
with a reddish-violet colouration which becomes 
brown on exposure to air. The acclyl derivative 
C t2 H 2 0 8 (C a fi s 0) 8 forms colourless needlos 
melting at 177°-1]8°. 

The constitution assigned to cccruleoellagic 
acid is as follows : — 

- OH OH 

Ho/\— O— CO-/\oH 

H0 \>^IV0h 

a fprmula which represents it as either a dihy- 
droxy-ellagic or hydroxy flavellagic acid. 

Cccruleoellagic .acid possesses well-marked 
dyeing properties of ft similar character, though 
more strongly developed than those of ellagic 
and flavellagic acids, and may have practical 
utility. Owing to its sparing solubility it gives 
the best results in the paste form. The following 
shades are obtained by the employment of, 
mordanted woollen cloth t — 

Chromium. Aluminium. Tin. Iron. 

Deep olive- Greenish- Dull Greenish- 

yellow. yellow. yellow. black. 

In the case of the aluminium mordant the 


employment of chalk in the dye-bath exerts a 
detrimental effect. 

Catellagic Acid. 

Schiff (Ber. 12, 2690) on heating proto- 
catechuic acid with arsenic acid, obtained a 
substance which he named catellagic acid, and 
to this ho assigned the formula C, t H 10 O, or 
C 14 H 8 0 7 . Perkin and Nierenstein (Chem. Soc. 
Trans. 1905, 87, 1417) obtained a similar sub- 
stanco by the oxidation of protocatechuic acid, 
and also parahydroxybonzoic acid with potas- 
sium persulphate and sulphuric acid. According 
to the latter authors, catellagic acid CuH.0. 
crystallises from pyridine in colourless needles, 
which melt above 360°, and sublime with but 
moderate carbonisation at higher temperatures. 
Solutions of the alkali hydroxides dissolve it with 
a palo yellow colour, and with nitric acid it 
gives a magenta coloured liquid. Diacetyl- 
catellagic ac.id, colourless prismatic needles, melts 
at 322°-324°. 

Catellagic! acid, by distillation with flfSnci- 
dust, gives fluorene, and is closely related to 
ellagic acid. Its constitution (Perkin and 
Nierenstein) may be expressed as follows : — 



OH 


From the oxidation products of parahydroxy- 
benzoio acid, Perkin and Nierenstein isolated, 
in addition to catellagic acid, a second com- 
pound Cj 4 if 8 0 9 , colourless needles, m.p. above 
360°. Tins, which gives the diacetyl derivative 
C 14 H a 0«(C 2 H 3 0) 2 , colourless needles, m.p. 267°- 
268°, and by distillation with zinc-dust fluorene, 
possesses the. formula : 



OH 


and evidently originates from the interaction of 
one molecule of protooatcehuie acid and one of 
parahydroxybonzoic acid. 

Mktellagic Acid. 

Metellagie acid (Perkin and Nierenstein, 
Chem. Soc. Trans. 1905, 87, 1425) is obtained 
in small amount together with other substances 
by oxidising metanydroxy benzoic acid in sul- 
phuric etsid solution with potassium persulphate 
at about 30°. The product iB fractionally 
crystallised from acetic acid, the second crop 
acetylatcd, the acetyl derivative thus obtained 
purified by repeated crystallisation from acetic 
anhydride and hydrolysed with sulphuric acid in 
the usual manner. 

Metellagie acid C 14 H # 0 6 crystallises from 
acetic acid in colourless needles which readily 
sublimo at high temperatures. With caustic 
alkaline*solutions it behaves similarly to catel- 
lagic acid giving a yellow colour winch is dis- 
charged on heating. Distilled with zinc-dust 
a small quantity of a crystalline hydrocarbon is 
produce* whicm appears to be ideptical with 
fluorene. Aceujlmrtellagic acid C I4 * 5 0.(C s H 8 0) 
crystallises in colourless leaflets, m.p. 269°-271°. 



ELLAGIC ACID. 


080 

The; reactions of meteiladc acid are in 
harmony with those required Dy a member of 
the ellagic acid series, and the following formula 
assigned to it is probably correct : — 



In the mother liquors obtained during the 
purification of acetyl motel (agio acid, a second 
acetyl compound, m.p. 237°-243'\ was isolated. 
This on hydrolysis gave a substance crystallising 
in glistening yellow needles, the nature of 
which has not been ascertained. 

By the oxidation of suitablo hydroxybenzoie 
acids, a series of liydroxydiphenyldimotbyloid 
derivatives have thus been prepared, viz. : — 
Metollagie acid (l U) H 6 0 4 f0H) 

Catollagic acid C 16 H 4 0 4 (()B) 2 
Resoflavine (J 14 H 3 () 4 (()H) 3 
Ellagic acid 0,111204(011)4 
FlavelJagic acid r, 4 H0 4 (0H)- 
Cocruleoellagio acid ('h0 4 (()11) h 

A. G I* 

ELLAGITANNIC ACID. A tanning prin- 
ciple present in divi-divi (Lowe, Frdl. 14, 35) ; 
in algarobilla (Zolffel, Arch. Pharm. 229, 123) ; 
in myrobalans (Lowe, / c. 44 ; Zolflol, lx.) ; and 
probably to some extent in all plant products 
which contain a gallotanmn (?;. Elt.agtc acid). 

According to Lowe, the molecule of ellagi- 
tannic acid contains 5 hydroxyl groups replaced 
by acetyl. It gives precipitates with gelatin, 
albumen, alkaloids, tartar ernetie, and a nearly 
black precipitate with ferric acetate. Its alco- 
holic solution gives, with lead acetate, a yellow 
precipitate. 

Zolffel (l c.) considered it a sugar-free tannic 
acid of the formula 

0 # lf,(OH) 3 0OO4yi 2 (OH) 2 C0OII 
whereas Perkin and Nierenstein (l.c.) suggested 
it to be a glucoside or a condensation product of 
two molecules of gallotanmn. 

Nierenstein (Bor. 1910, 43, 1207) has ob- 
tained it in a pure state by repeated treatment 
of the crude substanoe from myrobalans with 
alkali and othyl chloroformate, and then 
decomposing with pyridine according to Fischer’s 
method ; and gives its formula as 

o 2# h 2S o; 9 ,3H 2 o 

It crystallises from a mixture of pyridine and 
acetic acid in palo-yellow plates, which, after 
sintering at 300°-306°, melt at 329°-336 0 
[a]* 7 +18 '02°. So obtainod, it readily yields 
ellagic acid with dilute sulphuric acid, but is not 
decomposed by 10 p.c. sodium carbonate solu- 
tion. As it is hydrolysed by emulsin to luteoic 
acid, ' Nierenstein considers it to be a glueosido 
of thiB compound (v. Tannins) A. G. P. 

ELUTRIATION. The separation of the 
lighter from the heavier particles of a pqwder by 
washing and decantation. 

EMANIUM v. Actinium. 

EMBARIN. Trade name for sodium mercuri- 
salicylsulphonate. * 

EMBEBIP ACID. The active constituent qf 
the fruit of the India* plant Embdia ribes 


(Bufm.) (nat. ord. Myreinaoefle). Employed as 
an anthelmintic. 

EMB0LITE. Native silver chlorobromide 
containing chlorine and bromine in indefinite 
proportions. It is the commonest of the horn- 
silvers or cerargyrites (q.v.), ocourring as compact 
horn-like masses or as small, indistinct cubic 
crystals of a greenish -grey colour. Frequently 
a small amount of iodine is also present, and 
the formula is Ag((_’l,Br,l) the colour of this 
lodembolite variety is usually greenish-yellow 
to orange-yellow. Large quantities have been 
mined with other ores of silver in Chile, Mexico, 
and Broken Hill in New South Wales. ( V . 
Prior and Spencer, Min. Mag. 1902, 13, 174.) 

L. J. S. 

EMERALD v. Beryl, and Gll/cunum. 

EMERALD GREEN. Hydrated chromium 
sesqutoxide (o. Chromium) ; also applied to 
SrhumvJUrlh green (v. art. Arsenic; also Pig- 
ments). 

EMERALD-NICKEL v. Zaiuttte. 

EMERALD. ORIENTAL, v. Corujtdum. 

EMERY. ( Emrri, Fr. ; Smirgel, Schmirgel, 
Gcr.) An impure variety of corundum. It is, 
however, more of the nature of a rock, rather 
than a simple mineral, consisting essentially of 
a fine-grained aggregate of corundum (50-60 
p e.) and magnetite (30 40 p e ). Several other 
minerals arc als,o present in smaller and variable 
amounts. H.ematito and hmo'nitc are present 
as alteration products of the magnetite ; and 
others, such as diasporc, margarite (emerylite), 
muscovite, kyanito, have probably boon dorivod 
from the corundum. In addition, there may 
also be tourmaline, ehloritoid, biotite, staurolite, 
rutile, idocraso, pyrites, iron-spinel (hercymte), 
&e The material is dull black, dark grey, or 
bluish-black, and has much the appearance of 
a fino-grained iron -ore ; Rp.gr. 3’75-4-31. It is 
massive and opaquo, breaking with a more or 
Ichs regular fracture, and is magnetic. The 
abrading power (measured by the amount of 
glass abraded by a given weight of emery in 
a certain time) ranges from 65 to 32, as com- 
pared with sapphire at 100 These values are 
only roughly proportional to the amount of 
alumina (corundum) present in the mixturo, 
depending also to some degree on the texture of 
the material. r 

The analyses on next page are of material 
from Naxos, j-IV (1 and II, the extremes as re- 
gards the amount of alumina of seveli analyses 
by Oser, quoted by S. A. Papavasiliou, 1913 ; 
111 and IV, by E. Ludwig, quoted by G. 
Tschormak, 1894) ; Asia Minor, V, by R. 
Kramer, 1 907 ; VI, Peekskill, New York, by 
G. H Williams, 1887. Several older analyses 
have been published by J. L. Smith (Amer. J. 
Sei. 1850, 1851, 1866), ai\d by R. Jagnaux 
(Bull. Soe. Min. France, 1884). 

Analysis III corresponds with the mineral' 
composition : corundum 52-4, magnetite 321, 
tourmaline 115, muscovite 2, margarite 2 p.o. ; 
and IV with : corundum 60, magnetite 33, 
tourmaline 9, ehloritoid 4, musetvite 3, calcite 
1 p.c. 

The onlv sources of supply are Greeoe, 
Asiatic Turkey, and the United States. The 
deposits in the island of Naxos in the Grecian 
archipelago have been known since remote 
times. Here, on the north-east side of the 
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n. 

III. 

IV. 

V. 

.VI.* 

AljOj 

66-16 

60-05 

57-67 

56-52 

60-10 

46-53 

J&P- 

24-27 

3-48 

24-03) 
4-02 J 

33-36 

34-05 

33-20 

41-29 

MnO 

0-25 

0-85 

— 

— 

— 

— 

CaO 

1-62 

1-51 

0-43 

0-90 

0-48 

— 

MgO 

0-38 

105 

0-83 

0-43 

— 

9*43 

K t O 

— 

• — 

0-31 

0-40 

— 

— 

Na a O 

— 

— 

n.d. 

0-60 

— 

— 

Si0 2 

3-23- 

5-0$ 

5-64 

5-45 

1-80 

2-42 

Ti0 2 



— 

n.d. 

n.d. 

— 

0-51 
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— 

— * 

415 

0-88 

— 

— 

h 2 o 

0-37 
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0-70 

0-42 
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100 27 

100-09 

100 25 

1 01 20 

10019 

Sp.gr. 

4-06 

3-84 

3-71 

3 98 

— 
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island, tho emery occurs as irregular beds and 
lenticular masses in crystal line limestone 
(marble), associated with crystal line schists 
and intruded by granite. Laige isolated blocks 
also occur weathered out on iho surface. The 
methods of mining nro very primitive, and resort 
is made tb the old method of lire-setting, the 
surface of the rock being heated by fires and 
suddenly coded by water to develop cracks. 
The production is the monopoly of the Greek 
government, and amounts to about 10,000 tons 
per annum. Emery also occurs on the neigh- 
bouring islands of Iraklia, Sikinos, l'aros, and 
Am urges, but ihese deposits are not worked. 
(On the Naxos deposits, v W H. Cottrell, 
Foreign Ollice Hep., Miseell. Ser. No. 308, 
London, 18915; G. 4v»ehermak, Min. Petr. Mitt. 
1894, xiv. 311; S. A. Papavasiliou, Zeits. 
Deutsch. Geol. (Jewell. 1913, lxv. 1-123 ) 

The important deposits in western Asia 
Minor, around Smyrna, wore discovered by J. 
Laurence Smith ni 1847. Here also the emery 
occurs as lenticular bodies in bluish crystalline 
limestone, associated with mica-schist, gneiss, 
and granite ; and as looso blocks weathered out 
in the reddish surface soil. The principal mines 
are situated on the Gumo J)agh or Messogis 
Mountain in the Aidiu district (E. of Ephesus 
andS.E. of Smyrna). Others are near Mannsa 
(the anoient Magnesia), near Kula and Adula 
(N. of Ala-Shchr=Plnladelphia), and on the 
neighbouring islands of Samos and Nikarin 
The output of 201)00 to 30,000 tons per annum 
is shipped from Smyrna. (On the Asia Minor 
deposits, v. J. L. Smith, Amor. J. Sen. 1850, 
1851 ; and Original Researches in Mineralogy 
and Chemistry, 1884; R. Kramer, Kleinasia- 
tische SchmirgelvorkoinmnisSe Inaug.-Diss. Leip- 
zig, Berlin, 1907.) 

In the United States, deposits have been 
worked at Peekskill in Westchester Co., New 
York, occurring here as segregations in gabbro ; 
and in amphibolite-schist at Chester in Hampden 
Co., Massachusetts.’ The annual output amounts 
. to only about 1000 tons, and that from Chester 
has now fallen off. (On the United States 
occurrence, v. G. P. Merrill, The Non-Metallic 
Minerals, 2nd edit. New York, 1910.) 

An abrasive material mined at Wildcnreuth 
and other plaoes in Bavaria under tho name of. 
emery (Sctmirgd, Ger.) is really a mixture of 
garnet and quartz. In the trade the name 
emery has also been applied to the refuse from 
outting gems and from gem-washings. 

1 Also OfjOj trace. 8 Also P a 0 5 trace, 8 001. 


In the preparation of the material for the 
market., after being carefully hand-ptoked at 
the mine, it is crushed under stamps and sorted 
into various grades of fineness through wire 
sieves. The finest ‘ flour of emery ’ is prepared 
by washing and elutriation. Emery powder is 
used by lapidaries and stone workers ; for 
polishing plate glass and grinding lenses. In the 
form of emery paper, emery cloth, and emery 
sticks, the powder is fixed by means of glue. 
For ornery wheels the powder is mixod with a 
cementing material, such as shellac, sodium 
silicate, or vulcanite ; or it is baked with loam 
or kaolin and thus embedded in terra-cotta or 
poicelam. Such wheels are much used by 
lapidaries and dentists, and for grinding and 
polishing metals, &c. Attempts have been 
made to use pieces of emery, m place of diamond, 
in the crowns of rock-drills. (On the technical 
uses of emery, v. A. Haemg, Der Schmirgol und 
seine Industrie, Wien, 1910.) L. J. S. 

EMETAMINE v. Ipecacuanha. 

EMETINE v. Ipecacuanha. 

EMIN RED v. FiiiMiruNE. * 

EMODIN v. Gr jUCosides ; Rhubarb ; Syn- 
thetic drugs. 

EMPRESS1TE. A silver-tellurium mineral 
AgTe, discovered in the Erapress-Josephine 
mine, Kerber Greek, Colorado, associated with 
galena and native tellurium. Lustre, metallic ; 
streak, greyish- black ; fracture, conchoidal ; 
hardness, 3-3 5 ; sp.gr. 7 ‘51 (Bradley, Amor. J. 
8ci. 1914, 38, 1 03). 

EMPYROFORM v. Synthetic drugs. 

EMULSIN. The term ‘ omnium ’ was 
applied originally to the enzyme or mixture of 
enzymes, present in bitter and sweet almonds, 
which hydrolyses amygdalin to glucose, benz- 
aldohydo, and hydrogen cyanide. The same 
enzyme was shown subsequently to hydrolyse 
many natural glucosidcs as well as the synthe- 
tically prepared jB-glucoaides, though it was 
entirely without action on the sterooisomeric 
a-alkylglucosidos (Fischer, Zeitsch. physiol. 
Chem. 1 898, 20, 60). The name is now used to 
compriso all enzymes which hydrolyse 0- 
glucosides. Such enzymes are widely dis- 
tributed in plants : bofudes tho kernels of fruits, 
they also occur in the leaves and young twigs of 
the higher plants, in moBt mould fungi, especially 
in Polyportts species parasitic on trees, and in 
bacteiia. Honry and Auld (Proc. Roy. Soc. 
1905, B, 76, 568) have identified emulsin as 
present in yeast. 

iS-Glucosides are also hydrolysed by certain 
animalpxtracts, e.g. intestinal mucous membrane, 
a fact which is taken to indicate the presence of 
omulsin. 

There are, however, well-marked differences 
in the number of suhstancos which these various 
emulsin preparations are able to hydrolyse, 
and the investigations of Armstrong and 
others (Chem. Soc. Proc. 1910, 334) indicate, 
that whilst the loaf enzyme (emulBin) is, as a 
rule, a speoifio for the glucosido normally occur- 
ring in the particular plant, the seed enzyme, 
especialfy that of the almond, is ab;e to attack 
a Aumber of gluoosides. For this reason almond 
emulsin is considered to be a mixture of several 
closely rplat^l enzymes. According to H. E. 
and E. F. ArmiJbrong and Horton^Proo. Roy. 
Soc. 1908. 80, 321),* it ^contains a fr-gkccue 
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proper, which attacks /9-gluooeidee ; a cyanase, 
which eliminates hydrogen cyanide from amyg- 
dalin ; an amygtkdase, splitting off glucose from 
amygdalin ; and a lactase. , acting on milk sugar 
(c/. Rosenthalcr, Arch. Pharm. 1910, 240, 105). 

Almond emulsin hydrolyses yS-glucosides 
and also the disaooharides, lactose, gentiobiose, 
celloso, and melibiose. It. further hydrolyses 
the synthetical fl-methylgalactoside. The emul- 
Rin of Aspergillus niger, on the contrary, has no 
action on lactose or on jS-galactosides. In 
referring to emulsin, it iR therefore advisable 
to specify the source of the enzyme. 

Preparation . — Ground sweet almonds from 
which the fat has been expressed are macerated 
with water and a little toluene or chloroform 
at the ordinary temperature for 12-24 hours. 
The liquid is expressed through a cloth, protein 
procipitated with a few drops of acetic acid, 
and the clear filtrate precipitated with alcohol 
added 50 c.c. at a time till no further precipitate 
is formed. The liquid is decanted and the 
precipitate rapidly washed with absolute alcohol 
and'ethcr to dehydrate it, and dried in a vacuum 
Alternatively the original precipitate may be 
collected on a filter paper, dried roughly on 
bibulous paper, and dissolved in water in a 
closed bottle, to which a little toluene is added 
Tho clear solution so obtained is very active, 
and retains almost, constant activity for many 
months. It is essential to carry out this pre- 
paration as rapidly as possible. 

The dried enzyme is a soft, white powder, 
giving most of the reactions of proteins, but 
losing these on purification. Its chemical 
nature has not been tho subject of any detailed 
investigation. Active preparations are to be 
obtained in commerce. 

Emulsin exhibits maximum activity in 
neutral solution. Alkali stops the action ; 
small quantities of acids usually increase the 
activity, owing to their effect in neutralising 
alkaline impurity. 

Experiments with emulsin are usually 
carried out at about 37° ; the optimum tempera- 
ture is 45°. Emulsm is less resistant to destruc- 
tion bv heat m presence of alcohol below 50 p c., 
but above this point the reverse is the case, 
owing to the fact that in stronger alcohols the 
enzyme is precipitated, and in this condition is 
more resistant to hoat. In sterilising plants 
containing enzymes it is best to use alcoliol of 
such strength as to produce a liquid containing 
about 00 p.e. of alconol (Bourquelot and Bridef, 
J. Pharm. Chim. 1913, 7, 65). 

Emulsin . is detected qualitatively Jry its 
action on amygdalin, liberating hydrogen 
cyanide. The activity is tested quantitatively 
either against amygdalin or salicin. by measuring 
the amount of sugar formed in a given time. 

Emulsin is also able to bring about synthetic 
change (Armstrong, Proc. Roy. Soe. 1905, B, 76, 
592 ; van’t Hoff, Sitzungsber. K. Akad. Wise. 
Berlin, 1910, 48, 963). Emulsin exhibits hydro- 
lytic activity in alcoholic solutions. Although 
unable to hydrolyse salicin in presence oj 95 p.c. 
alcohol, it beoomes active in 90 p.e. alcohol, 
hydrolysis continuing slowly until 37 p.c. ‘of 
the gluooside has been decomposed. As the 
strength of the alcohol is diminished equilibrium 
is more rapl$y attained, and a^ereater propor- 
tion of the salicin undergoes hydrolysis (Bour- 


j quelqt and Bridel, Compt rend. 1912, 154, 944). 

{ Similarly, emulsin is inactive when suspended 
in solutions of glucosides in acetone or ethyl ace* 
tate, but becomes able to effect hydrolysis when 
10 p.c. of water is added to the acetone or the 
wet ester is used. When emulsin acts on a solu- 
tion of glucose in 85 p.c. alcohol, the correspond- 
j ing j8-methylor fl-ethyl glucosides are formed, 
the same equilibrium point being reached in 
solutions containing originally gludbse or alkyl 
glucoside. The more dilute the alcohol the 
greater is the hydrolysis' and the less the syn- 
thesis (Bourquelot and Bridel, Compt. rend. 1912, 
155, 319). The position of tho equilibrium is 
independent of the quantity of emulsin added 
and of the temperature, but it varies with the 
strength of the alcohol and with the amount of 
glucose ^present. Tho property of emulsin to 
j facilitate synthesis has been utilised by Bour- 
j quelot to prepare a largo number of glucosides 
| of the alcohols, including such substances as 
| geramol and glycol, and also the corresponding 
l galaetosides. * , 

The emulsin contained in a number of plant 
J preparations is able to hydrolyse rM-benzaldehyde 
j cyanohydrin, and also to synthesise this com- 
i pound from benzaldehydo and hydrocyanic 
I acid. In some eases the synthesis is asym- 
j metric, and an optically active cyanohydrin is 
! formed (cf. Rosenthaler, Arch. Pharm. 1913, 
j 251, 56). 

i (For a list of the glucosides attacked by 
| emulsin, v. Gt.ttcostdes.) E. F. A. 

j ENAMEL BLUE. Coboll blue (r. Pjoments). 

ENAMELS are vitreous compositions capablo 
of adhering by fusion to the surface of metal or 
of pottery. The base of the enamel is generally 
a colourless glass, in which are suspended particles 
of an opaque metallic oxide or salt, generally 
Rtannic oxide. Up to about 900°, tin dioxide 
exists finely suspended m the enamel, but at a 
higher temperature combination or solution may 
occur and opacity is diminished. Titanic oxide 
has been used m place of stannic oxide, and anti- 
mony compounds have been employed. Opacity 
may also be obtained by the use of arsenious 
oxide, calcium phosphate, cryolite, or fluorspar. 
A preparation known as ‘ artificial cryolite ’ 
sometimes replaces the mineral, When bone 
ash is used, a little nitre may bo added to remove 
the grey colour; the nitre also prevents reduc- 
tion of the lead. The vitreous base of most 
enamels is a gloss containing much lead, but 
when the presence qf lead is objectionable, as in 
enamelled vessels for culinary purposes, soda- 
and potash -glasses should be used. If great 
fusibility be required, it mav be secured by the 
association of borates with the silicates. Borate 
enamels are very hard, but are deficient in 
elasticity, and may be affepted by moisture. 
Colour is imparted to the enamelB by the intro- 
duction of various c ompounds, generally metallic 
oxides, the use of which, in many cases, has been 
known from remote ages. Percy’s analyses of 
tho enamelled bricks of Babylonia (circa 700 b.c.) 
showed that a dense white was obtained by the 
'use of stannic oxide ; a rich yellow by means of 
antimony, apparently in the* form of lead anti- 
moniate (‘ Naples yellow ’) ; and a deep blue by 
copper, probably introduced as oxide, but exist- 
ing in the enamel as a copper sodium silioate. 
The ancient Egyptian blue enamel, or glaze, 
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contains a definite copper calcium silicate, 
forming crystals remarkable for their intense 
pleochroism, to which Fouqu6 gave the name of 
wskrim (Bull. Soc. Fr. Min. [12] 1889, 36) (v. 
Egyptian blue). The ancient Egyptians seem 
to have been ignorant of the art of enamelling 
on metal. 

The enamelling of pottery is a simple opera- 
tion, since it consists in the mere fusion of an 
opaque gltfee on to tho surface of the ware. But 
the application of a vitroous body to a metallic 
surface is less easy, dnd it is to this process that 
the term ‘ enamelling ’ is sometimes restricted, 
while tho works of art produced by enamelling 
on metal are themselves known as ‘ enamels.’ 

The most ancient enamels found m North- 
Western Europe ‘are referable to tho prehistoric 
Iron Age, sometimos distinguished^ as Late 
Celtic. In these ancient enamels, brilliantly 
coloured opaque glass is embedded in cells or 
shallow cavities in bronze : it is probable that 
the vitroous material was applied as a powder, 
mixed vjib a vehicle so as to form a paste, and 
then heated sufficiently to cause its fusion, and 
thus secure firm attachment to the motal. 

A similar method, known as champ lent 
enamelling, was extensively employed at a much 
later date in Germany and at Limoges in France 
— a town which for centuries was the chief 
centre of artistic enamelling. ,ln this process tho 
design is traced on a plate of copper or bronze, 
and all tho parts to be enamelled are excavated 
by the graver ; ''these hollows aro then filled with 
enamel, which iH afterwards fused, and the entire 
surface is finally ground smooth. The design 
thus appears in permanent colour, each tint 
being defined by ridges, or separated by areas, of 
metal which are the elevated parts of the original 
ground. The exposed metal ib sometimes gilt. 

Another and probably older method of 
inlaid enamelling is that known as cloisonne 
work. Here the design is outlined by strips of 
metal fixed to the metallic bage, and the spaces 
between these bands are filled with enamel, 
which is then fused and the surface ground 
down. Each coloured area is, therefore, sharply 
separated from its neighbour by the edge of the 
metal fillet. Of this character were the early 
Byzantine enamels, which were generally 
executed on plates of gold. The Chinese have 
for many centuries (at least since the 13th) 
been extremely skilful in this work, and the 
Japanese have applied a similar method to 
the ornamentation of porcelain The Japanese 
attach the cloisons to tho base with a gummy 
cement, and even when the ground is a metal, 
they generally use no solder. In some doisonni 
work the Rurtece is not ground down, so that the 
fillets stand in relief above the goncral surface of 
the enamel. , 

The use of transparent enamels for the orna- 
mentation of metalwork was introduced by the 
Italian goldsmiths of the 13th century, and 
afterwards became popular in France. The de- 
sign was generally worked in low relief, or 
ohased on geld or Bilver, and brilliant translucent 
enamels were applied in such a way that tfie 
varying thickness produced differences of tint. 
This style is known as hi me-laillc. In certain 
rare enamels, probably of the 15th century, the 
pattern is outlined by strips of metal without , 
any foundation, and the spaces in this grating 
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are filled In with coloured transparent*, enamels ; 
suoh doisonni work is termed pRque-djour. 

Artistic enamelling has been largely used, not 
only for inlaid and encrusted work, but for the 
production of paintings on metal. The painted 
enamels of Limoges, introduced in the 15th 
century, were usually executed on slightly 
convex plates of copper, the subjects being 
generally in white ana grey on a deep- violet 
ground ; but the process was extended to the 
decoration of dishes, ewers, and other objects, 
and various colours were employed, sometimes 
heightened with gold. In this country, enamel 
painting was largely practised, by the family of 
Bone, during tho latter part of tho 18th and the 
early years of tho following century. While 
their smaller works, or miniatures, were executed 
on gold, the larger examples were on plates of 
copper The copper plate, having been annealed 
and cleaned with dilute sulphuric acid, was 
coated on both sides with white enamel powder ; 
it was then firod, and the enamelled face ground 
smooth. This white enamel, which was* ren- 
dered so opaque by moans of stannic oxide as to 
conceal the metai ground, was imported from 
Venice in the form of round cakes. The surface 
to bo painted was further prepared by the appli- 
cation of a second coat of enamel, more fusible 
and transparent than tho first; this material, 
known to the enamellcr as ‘ flux,’ was used in 
the form of rods and beads of white Venetian 
glass. Upon the fluxed surface, carefully ground 
smooth, the painting was executed in enamel 
colours, or powdered glasses mixod with an 
appropriate vchido ; and as it was necessary to 
vitrify each colour separately, a complicated 
subject would require several successive firings 
m a muffle, each liable to injure or spoil the work. 

Recent years have witnessed a groat revival 
in artistic enamelling, with the introduction of 
various improvements in technical details. 

In addition to art onamelR, there is a growing 
demand for coarse work in enamelled sheet-iron 
for street plates, railway notices, and other ad- 
vertisements, which aro generally executed in 
blue and white. In applying enamel to metal it 
is necessary to use a material which will adhere 
firmly to the base ; at the same time, it must 
fuse at .a temperature lowor than that which 
softens the motal, or melts the solder if any be 
present ; and the enamel should have a coeffi- 
cient of expansion by heat as nearly as possible 
that of the metal ground. It is obviously im- 
portant that, when enamel is used as a lining for 
saucepans, stew-pans, and other vessels for 
culinary purposes, it should be free from all 
ingredients which are poisonous, or may become * 
so by contact with food. An important industry 
has been developed in recent years, especially in 
Germany, Austria-Hungary, and France, in the 
manufacture of vessels for domestic use, in cast 
or sheet metal ; soft sheet steel is commonly used 
for hollow ware. 

The object to bo enamelled, haying been 
carefully cleaned by pickling in an acid bath, is 
coated with a thin layer of ground enamel, 
yhis primary coating need not be opaque, and 
generally contains a Tittle cobalt or nickel oxide. 
A suitable ^material is obtained, according to 
P. Randau, byJusing a mixture of flint or quartz 
30 parte, borax 25, and felspar 30.* This product 
is then ground with, kaolin 10*75 parts, felspar 0, 
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and magnesia, 1*25 ; the olay tends to lessen the 
fusibility. The finely powdered ground enamel 
is mixed with water to a creamy consistency and 
applied to the ware, slightly heated ; after the 
ooating has dried, the object is fired in a mufflo 
furnace at a temperature rather under 1000°. 
After this stage of enamelling, the ware is 
scrubbed to remove scale, and a second coating 
is appliod, this timo opaque white. This 
enamel may be made, according to the same 
authority, from a mixture of flint 37*5 parts, 
borax 27 ’6, tin dioxide 30, soda 15, nitre 10, 
ammonium carbonato 7 -5, and magnesia 7 ; 
this mixture is fritted and then ground with 
flint 6-12 parts, tin dioxide 3*66, soda 0 7, and 
magnesia 0-7. The cover enamel is suspended m 
water and spread over the ground enamel, and 
the ware is then carefully fired in a muffle at a 
lower temperature than that of the first firing, 
in some cases a third coat of enamel is applied, 
while in other cohos the ground layer is dis- 
pensed with, and only a single white coating 
used.. Finally the surface may be decorated by 
j tain ting or transfer printing in enamel colours, 
or by photographs. Jn some enamels, like 
‘ granite ware, 5 the colour is applied by spraying. 

(On enamels, v. Sir H. H. Cunynghame, On 
the Theory and Practice of Art Enamelling upon 
Metals, 3rd ed. London, 1900; Lewis F. Day, 
Enamelling, London, 1907 ; Alexander Fisher, 
The Art of Enamelling upon Metal, London, 

L 900 ; Philip Eyor, Die Eiscnemaillierung, 
Leipsig, 1907 ; Paul Randau, Die Fabnkation 
des Emails unddas Emaillieren, Vienna, 4th ed 
1 909 ; Enamels and Enamelling, English transla- 
tion of P. Randau by Charles Salter, London, 
1900; Julius Grunwald, translated by Herbert H. 
Hodgson, The Theory and Practice of Enamelling 
on Iron and Steel, London, 1909.) F. W. R. 

EN ARGUE. Copper sulpharsenate Cu 3 AhS 4 
or 3Cii 2 S*As 3 S 5 , occurring as orthorhombic 
crystals "with* perfect prismatic cleavages and 
usually a prismatic habit. The colour is iron- 
black with a metallic lustre ; sp.gr. 4-44. It is 
not a common mineral, but in a few copper- 
mining districts, for example, at Butte in Mon- 
tana, Morococha in Peru, and in the Sierra de 
Famatina in Argentina, it ’s of some importance 
as an ore of copper. L..J. S. 

ENDIVE. ( hchorivm endivia (Linn.), the 
blanched leaves aro used as a salad or garnish. 

According to Konig, their average com- 
position is — 

Other carbo- 

Watcr Protein Pat Sugar hydrates Pi bio Ash 
94-1 1-8 0-1 0-8 1 8 0-6 08 

• 

* There are two chief varieties — with crinkled 
leaves and with smooth leaves. Tho former is 
apparently richer in nitrogen and ash, but 

E irer in carbohydrates (l)ahlen, Landw. 
irb. 1874, 3, 312, and 4, 014). 

An analysis of the ash of endives by Richard- 
son (Annalen, 67, 377) gave tho following 
figures : — 

K 2 0 Na 2 0 CaO MgO 80 a P 2 0 6 SiO.,Fo a O a 

37-9 12 1 12*0 1-8 5-2 30 24-IF 34 

H. 1. • 

ENDL1CHITE v. Vanadium.. 

ENESOL I’. SYNTHETIC DRUGS, v , 

ENGLISH VBROWN v. Az<* colouring 

MATTERS. 


ENGLISH GREEN, or CHROME GREEN, *. 

Chromium; Pigments. 

ENGLISH PINK, or ITALIAN PINK, v. 

ENGLISH RED, or VENETIAN RED, v, 

Pigments. 

ENHYDROS v. Agate. 

ENSILAGE is a process of preserving green 
fodder for cattle. The term silo is applied to 
the pit or other depository in ;which the fodder 
(silage) is contained, and appears to be of Basque 
derivation, and originally meant a pit for storing 
gram. This method of preserving grass ana 
other succulent forage crops has been in use for 
many years in Germany, whence the practice 
was carried to France, and afterwards to America. 
Although the German system had been fully 
described by Johnston, in 1843, in the Trans- 
action of the Highland Agricultural Society 
(new series, 9), no general notice of it was 
taken in those islands until 1882, when a report 
of tho British Legation at Washington on en- 
silage, as practised on Mr. Havemeyijr’s, estate in 
New Jersey, was published as a blue-book, since 
which time many silos, of varying forms and 
construction, have been made in tins country 
The object of all these is to exeludo the air from 
the mass of fodder, allowing onlv a greater or 
loss fermentation according to the practice of 
different authorities ; and to this end silos 
have been formed (1) wholly or 'partly under- 
ground ; (2) in the form of enclosed buildings. 
Silage has also been largely made by build- 
ing up tho green fodder in' tho form of an 
ordinary stack, of which only the top is covered.. 
Whether it be silo or stack, the principal factor 
is the superposition of a sufficient pressure, 
either by dead weight or by some mechanical 
system of screws, lovers, or similar appliances. 
The changes which forage undergoes in the silo 
are duo to fermentation, and, as may be sup- 
posed, tins action varies considerably with the 
materials stored and with the condition of 
storage ; as, for example, green maize under- 
goes principally lactic fermentation ; whilst in 
English fodder fermentation produces alcohol 
which is almost immediately converted into 
aldehydo. If the air has not been properly ex- 
pelled from the silo, or if the fodder has been 
pitted in a vory damp condition, tho aldehyde 
becomes quicky converted into acetic acid. 

Silage is of two kinds — viz. ‘ sweot ’ and 
‘sour.’ Sweet silage is the result of allowing 
the grass to remain without pressure, and so 
permitting air to minglo with it until such time 
as a temperature of 125° to 150° F. is reached by 
the fermentation process ; sour silage, on the 
other hand, results when pressure is at once 
applied, whereupon an acetic or lactic fermenta- 
tion takes place. It appears that a temperature 
of about 125° is sufficient te'kill the bacteria 
which produce acid fermentation ; ‘ if the bac- 
teria are killed and the silo is covered and 
weighted, the enclosed mass of croon fodder 
will remain sweet, and be practioaUy preserved 
under tho same conditions aB fruits, vegetables, 
of meats are preserved when canned. If this 
be tho case, it will be at once intelligible that 
by lesR packing of the fodder when put into the 
silo, and extending the time of filling until the 
temperature rises to a point fatal to the bacteria, 
\he resulting silage will be sweet and free from 
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acidity ; whilst sour silage is produced by at once 
consolidating, covering up, and weighting the 
grass fodder so as to prevent the temperature 
rising to the point fatal to the bacteria (A. 
Voelcker, J. Roy. Agric. Soc. 20). 

Two samples of sweet silage showed only 
a trace of acid, not exceeding in quantity that 
contained in* ordinary fresh meadow grass 


— • • 

Silage made from 

Clover and 
rye grass M „ e " J? V 
mixed grft8S 

Moisture 

i 75*80 

74*40 

♦Albuminoids . 

2*53 

2*56 j 

Sugar and other ear ho- 



hydrat-os soluble m wator 

143 

2 99 

Crude vegetable fibre 

18 31 

17*90 

Mineral matter (ash) 

i*93 ; 

2*15 


100*00 

100*00 ! 

♦Containing nitrogen 

. 0 40 

0*41 

Volatile acids (calculated 

as 


acetic acid) 

.0 01 I 

0 01 ' 

Non-volatilo acids (calculated 

: 

as Lctic acid) . 

.0 01 | 

0*02 J 


A sample of sour silage jmade from grass 
ilaeod m a Heavily weighted silo showed the 


following composition : — 

Water «. 76 01 

Soluble albuminoids . . 0 hi 

Insoluble albuminoids . 178 

Soluble carbohydrates . . 2 87 

Crude fibre . . . .15 82 

Soluble mineral (ash) . . 1*03 

Insoluble mineral matter (ash) 0*98 

100 00 

Total nitrogen . . . 0*43 

Volatile acids (calculated as 
acetic acid) . . . 0 19 

Non-volatile acids (calculated as 

lactic acid) . . . 1 *24 


This silo was provided with a tap at the bottom 
from which juioe was drawn on from time to 
time. This drainage had a sp.gr. of 1 -022, and 
contained, per imperial gallon ; 

Grains 

Albuminoids . . . 1,008*66 

Fixed acid (lactic acid) . 610*42 

Volatile acids (butyric and 
acetic acids) . . . 476*70 

♦Carbohydrates and amides 1,528*4 2 

Mineral matters (ash) . 1,768*20 
Wator .... 64,701*70 


70,000*00 

♦Containing non-alhuminous 

nitrogen . . . 35*84 

The dry matter (dried at 100°) which was left 
on evaporation of its drainage contained : 


♦Albuminoids 

. 20*90 

Lactic acid . 

. 10*71 

j Carbohydrates and amides 
Mineral matter (ash) 

. 31*73 

. 36-flfi 


100*00 

♦Containing nitrogen 

. 3*34 

■f Containing nitrogen 

. 0 51 


The subject of changes during ensilage has 
been very carefully investigated both at Rot-ham- 
sted by Lawos and Gilbert, and at Woburn by 
Voelcker. The results obtained present a strik- 
ing similarity, and it will suffice if one sot of tables 
(thoso of l)r. Voelcker) is referred to here, 
although the Experiments on Ensilage conducted 
at Rothamsted (Lawes and Gilbert) should also 
bo read. The silo to which these tigureB relate 
was one made at Woburn in 1886, and was of 
the character generally termed ‘ sour.’ It was 
woighted with stones in strong elm boxes to 
112 lbs. per square foot, and was unprovided 
with any drain. The silo was closed on July 3 
and opened on December 16, t-he contents being 
‘ very fair,’ although ‘ not really fine,’ meadow 
grass. The numbers, in a condensed form, are 
given in the lollowing table. 


Quality and Composition os* thn Grass put into Silo, and op the Silage produced. 
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lbs. 

Ibs. 

lbs. ! 

lbs. ; 

lbs. 

lbs. 

n.«: i 

lbs. 

IbR. 

lbs. 

lbs. 

fba7 

TbsT 

lbs. * 

Grass put In silo 

152,780 

23,108 

— 1 

— i 

47 

733 i 

3278 1 

2670 1 

2265 

430 1 249 

151 

123 

28 

Silage removed . 

30, .*580 

22,035 

109 

100 1 

197 

252 1 

2326 

2409 1 

2254 

471 

230 

155 

73 

[ 82 

JjOSB 

( 2,391 

1,073 

-1- 109 

+ 1061 + 150 

481 

952 

i 261 ! 

11 

+ 41 

19 

t-4 

50 

+ 54 

Lobs per 100 lbs. 


J 













of freBh grass . 

}*29 

3*27 

+ 0*33 

+0*32 +0*40 

1*47 ! 

■ _ 1 

2*90 

0*79 ! 

! 

0*03 

+0*12 

OOGj+OOl 

015 

+0*16 


The main features shown in tho tablo are as 
follows : The total loss due to fermentation, eva- 
poration, &»,, in making the silage was 7*29 p.c. 
on the fresh grass. Of this, 3^ p.c. consisted 5f 
water, so that the loss in dry matter was only ! 
about 4 p.c. ■ The loss of total nitrogen when, j 
as here, no drainage was allowed to now away, j 
is very slight ; but the nitrogenous bodies have j 
undergone considerable change from the albu* 


minoid to the non-albuminoid condition, the 
fibre has been diminished, insoluble albuminoids 
have Jieen lessened, and soluble albuminoids in- 
creased (Voelcker, J. Roy. Agric. Soc. 23, 410). 

' Since tho nutritive value of food depends bo 
a considerable extent on the albuminoid com- 
pounds contained in it, it becomes of importanoe 
from the economic point of vie%*to determine 
the quantity of suck compounds in fresh green 
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food and.' in silage. Kinoh found that 55 p.c. series Of the pyroxene group, and is of import- 
of the total nitrogen present In the silage of anoe as a rook-forming mineral and as a consti- 
grass was of a non-albuminoid nature, whilst tuent of meteoric stones. Rarely it is clear and 
in the original grass only 9 p.c. was of this transparent and of a rich green colour, when it 
form. In the case of mangold leaves, Kellner is uBed as a gem-stone ; such material is found in 
found that of the total nitrogen present, 27*8 p.c. tho ‘ blue ground ’ of the South African diamond 
in the original leaves, 415*5 p.c. in the silage, mines. , . L. J. S. 

and as much aB 59*7 p.c. in silage preserved in ENTEROL v. Synthetic drugs. 

stoppered jars, was non-albuminoid. Clifford ENZYMES and ENZYME ACTION v. Fer- 

Richardson, examining maize silage, found : mentation ; Barley ; Chemical affinity. 

EOSAMINE v. Azo- colouring matters. 

^ 6 ai^oma”burninoki ei1 EOSIN V. TKirHENYL METHANE COLOURING 
Original stalks . . . 2f2 matters. 

Silage No 1 44*6 EOSOTE v. Synthetic drugs. 

* No. 2 .” 49*6 EPHEDRINE, C 10 Hj.ON, crystals, m.p. 39°, 

Dried fodder . , . 16*6 b.p. 22G°, occurs in Ephedra mlgaris. It is a 

Silage from young maize ’. 53 3 secondary base, furnishes crystalline salts, and 

0 ] f ] er 474 on ‘exhaustive methylation ’ yields eventually 

tnmethylaminc and o-phonvlallyl alcohol C 9 H 10 O. 
These results with grass, mangolds, and maize On distillation the hydrochloride furnisnos 
show that in ensilage a large portion of the methylamine and propiophonono. When heated 
albuminoids is converted into non-albu- with hydrochlonc acid, ephedrine undergoes 
minoi^l nitrogenous substances, whilst, in the isomerisation to ^-ephedrine (wdtepkedrine), 
ordinary drying of fodder no such change seems crystals, m.p. 117°, which also occurs with it in - 
to take place. This iR made clear by a reference E. mlgaris. Both bases are poisonous and 
to Dr. Voelcker’s tablo given abovo under the ephedrine hydrochloride has been used as a 

heading ‘ Quality and composition,’ &e., whore mydriatic (Ngai, Chem. Zentr. 1894, i. 470 ; 

the woody fibre, as indeed the whole of the fibre, Merck’s Bericht, 1893, 13 ; Laden burg and 
has been diminished, insoluble albuminoids are Oelsehlagel, Ber. 1889, 22, 1823 ; Miller, Arch, 
lessened, and tho soluble albuminoids increased. Pharm. 1902, 240, 481 ; Flaecher, ibid. 1904, 
Ensilage is largely practised m Canada and 242, 380 ; Schmidt and collaborators, ibid. 
in America for the sake of having a supply of 1905, 243, 73 ; 1900, 244, 239, 241, 269 ; 1908, 
‘green’ fodder during the winter months, 246, 210; 1909, 247, 141;, 1911, 249, 305; 
especially in Canada where the winter iR long. 1913, 251, 320; Apoth. Zeit. 1911, No. 37 ; 
In Engianrl, since the interest attaching to Foumeau, J. Pharm. Chim. 1904, [vi.] 20, 481 ;• 
novelty has waned, it has gradually died out of Erode, Arch. Pharm. 1907, 245, 602 ; Gadarner, 
practice, except as a resource for adoption m ibid 1908, 246, 566 ; Calliess, Apoth. Zeit. 1910, 
unusually wet seasons, when haymaking is 25,677). According to Rabe (Ber. 1911, 44, 824) 
impossible or is so long delayed as to threaten the ammonium base of ephedrine decomposes into 
loss of tho crops. In such circumstances thoso water, trimethylammo and fc-phonylpropylene- 
who possess the simple tackle necessary for aj8-oxide, and he regards ephedrine and \j/-ephe- 
putting up silage stacks in the open field have dnno as optically isomeric 0-met.hylamino-a- 
a material advantage o\er their neighbours, phonyl-propane-a-ols OH*CHPh*CHMe*NHMe 
Otherwise, in a country in which roots are easily (c/. Emao, l.c.). This view is shared by Schmidt 
grown and preserved for winter use, and where (Arch. Pharm. 1914, 252, 89 ; 1915, 253, 52), 
the actual period of the year m which vegetation who considers tho isomerism due to the difference 
is suspended is comparatively short, it would in the spatial arrangement of tho— CH OH group, 
seem preferable, having regard to the dotenora- Cf. also Eberhard (Arch. Pharm. 1915, 253, 62). 
tion which occurs in ensilage, especially as a-Ephedrme has been synthesised by Nagai (Eng. 
regards albuminoids, to adhere to tho more Pat. 120936) and shown to differ from Fourneaws 
ordinary practice of hay-making. products and to be the racemic form of the 

The application of silage as fodder and its natural variety [see Chem. Soo. Abst. 1919, 
practical effects with stock have been carefully i. 92). 

investigated both at Rothamsted and Woburn. The name ephedrine has also been applied 
[See Report on the Practice of Ensilage at by Spehr to a crystalline alkaloid ^13^1, ON, 
Home and Abroad, Jenkins in J. Roy. Agnc m.p. 112°, obtained from Ephedra monostachya, 
•Soc., new series, 20; On the Chemistry of a drug used as a remedy for syphilis and gout in 
Ensilage, Voelcker, ibid . ; Experiments on En- Bessarabia and Wallachia. Ordinary ephedrine 
silage conducted at Crawley Mul Farm, Woburn, is known commercially as ‘ ephedrine (Merck) ’ 
1884-5 and 1885-6, Voelcker, ibid. 22; Ex- and the second species as ‘ ephedrine (Spehr).’ 
periments on Ensilage conducted at Crawley EPICARIN, * 

Mill Farm, Woburn, 1886-7, Voelcker, ibid. un.f< w -pit / \ 

23 ; articles in the Agricultural Gazette, April \ / 

27, 1855 el seq., by Sir J. B. Lawes and Sir OHCOOH 

Henry Gilbert, reprinted m pamphlet form 

under the title of Experiments on Enulage A derivative of /8-naphthol used in the treatment 
conducted at Rothamsted.) # oi skin diseases. V. Synthetic drugs. 

ENSTATITE. Metasilicate of magnesium, EPICHLORHYDRINS a-epkhlorhydrin 
usually with some ferrous oxide isqmorphously r^-i 

replacing magnesia, (Mg,Fe)Si(L, ana* with [y-chlor propylene oxide) CH S *CH*CH 2 C1. Prepared 
increasing ir& passing into Tbronzite and *by treating glycerol with phosphorus pente- 
hypersthene. It belongs tfl the orthorhombic chlorido or by heating the aichlorhydrins with 
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hydrochloric acid (Berthelot, Ann. Chim^Phys. 
IS]* 41, 299) ; by treating a- or 8-dichlorhydrm 
with caustic potash (Reboul, Annalen, Spl. 1, 
221 ; Tollens and Miinder, Zeitsch. Chem. 
1871, 252; D. R. P. 239077), or with alkali car- 
bonates or alkaline earth hydroxides (D. R. P. 
246242). Glycerol is treated with hydrogen 
chloride at 120°-130°, and the product distilled 
in vacud. The fraction boiling at 50°*-120°, 
which contains fche dichlorhydnns, is treated 
with strong caustic potash solution, and tho 
product distilled in i)acu6. The portion boiling 
below 75° is washed with water and distilled. 
The fraction boiling at 1 18°- 119° is crude 
epichlorliydrin, and may be purified by redistdla- 
tion in vac'uti (Fauconmer, Bull. Soc. chim. ii. 50, 
212). Mobile liquid with odour resemblmg that 
of chloroform; b.p. 116*6° (corn); sp.gr. 
1*2031 at 0°/4° (Thorpe, Chem. Soc. Trans. 1880, 
206) ; insoluble in water. With sodium in 
ethereal solution epichlorliydrin yields ally! 
alcohol and the diallyl ether of glycerol (Tomoi, 
Ber. 188{j, 1290 ; ‘Kijner, J. Russ. Phvs. Chem. 
Soc. 24, 31) ; by heating with alkyl iodides, 
chloriodohydrin alkyl ethers are produced 
(Paal, Ber. 1888, 2971) ; ammonia gas converts 
it into triehlorhydroxypropylannne (Fauconmer, 
Compt rend. 107, 1 15) ; with potash in the 
presence of an alcohol, it yields the corresponding 
dialkyl ether of glycerol (Zujiino, Atti. Real. 
Accad. Lincei,* 1897, n. 348.; 1907, 9, i. 309); 
with phenols and sodium cthoxide, glyceryl 
diaryl ethers are formed ; whilst with sodium 
hydroxide, glycido aryl ethers are produced 
4Boyd and Mario, Chem. Soc. Trans. 1908, 838 ; 
1909, 1803 ; Zunino, Atti. Real. Accad. Lincoi, 
18, i. 254 ; Cohn and Plohn, Ber. 1907, 2597 ; 
Lindemann, ibid, 1891, 2145); concentrated 
nitric acid oxidises it to 8-chlorlaetic acid ; 
alcoholic ammonia and ethylsodiomalonato 
convert it into chlorhydroxypropylmalonaimde 
(Traubo and Lehmann, Ber. 1899, 720) It 
combines with acid chlorides to form dichlor- 
hydrin esters. Haller and March have syn- 
thesised ketolactonic acids and other unsatu rated 
compounds by condensing epielilorhydnn with 
the sodium derivatives of benzoyl acetic esters 
of acetone dicarboxyhc ester and of acctvlacetone 
(Compt. rend. 132, 1459; 136, 434 f 137, 11, 
1203). It has also been condensed with aniline 
(Fauconnier, ibid. 10G, 605 ; 107, 250) ; with 
p-toluidine (Cohn and Friedlandcr, Ber. 1904, 
3037) ; trith prussic acid (Lespieau, Compt. rend. 
127, 965), and with salicylic Reid (Lange, IX R. P. 
184382 ; Chem. Soc. Abstr. 1906, i. 930). Organo- 
magnesium compounds react with it to form 
substituted ohlornydrins of the type 




vCH 2 Cl 

(Riedel, Chem. Zentr. 1907, i. 1607 ; D. R. P. 
183361 ; Foumeau and Tiffeneau, Bull. Soc. 
ghim. 1, [4] 1227). Epichlorliydrin has been 
used as a solvent for resins for photographic 
purposes (Phot. Korr. 1899, 2). 

fl-Epichlonhydrin (8 - chlorpropylene oxide) 

cS^CHCpCHj. Obtained together with the 
a- oompound and other products by treating the 
chlorioaohydrins formed by treating ally! 
aloohol with iodine monochloride, with dry 
sodium hydroxide (Bigot, Ann. Chim. Phys. 22, 


[ 6 ] 468). Liquid ; b.p. 132°-134°. Phosphorus 
pentachloride oOnverts it into 87 -dichloropro- 
pylene, and sodium amalgam into allyl aloohol. 

Fdymerides. (C 3 H 6 0C1) 2 . Obtained in the 
preparation of pyrazine bases by the distillation 
of glycerol with ammonium phosphate and 
ammonium chloride ; by treating tho high- 
boiling fractions with hydrochloric acid, it is 
obtained crystalline; m.p. 112°-113°; b.p. 
232°-233°. Readily soluble in hot alcohol, 
sparingly soluble in water. 

(C 3 H B 0C1) 6 . Obtained by treating a-epichlor- 
hydxin with hydrofluoric acid m a platinum dish. 
Yellow oil, soluble in alcohol, benzene, ether, 
or acetic acid. Dilute sulphuric acid at 200° 
converts it into a substance resembling cellulose 
(Patemb and Olivieri, Gazz. chim. ital. 24, i. 
305 ; ii. 541). 

Chlorbutylcuc oxide C 4 H 7 0C1. Obtained by 
treating a mixture of butenylglycerol and glacial 
acetic acid with hydrogen chloride ; b.p. 125*5° 
(core.) at 738 mm. ; sp.gr. 1*098 at 15°/0 (Zikes, 
Monatsh. 6, 352). « 

EPIDIORITE. A rock consisting essentially 
of plagioclase-folspar and hornblende, and with 
a more or less marked schistose structure. It 
has been formed by the action of pressure- 
metamorplnsm on dolerite [q.v.), the augite of 
which has been thereby transformed into 
hornblende. Rocks of this class are of wide 
distribution, and being tough and hard they are 
much quarried for road-mending, for example, 
in Cornwall. Aunferous quartz-veins are often 
associated with epidiontes. L. J. S. 

EPIDOTE. Basic silicate of calcium, alu- 
minium, and ferric iron, llOa^ALFcJgSiaOjs, the 
alumina and ferric oxide replacing one another 
isomorphuusly, Fe 2 0 3 ranging from 1*6 p.c. (in 
the clinozoisite variety) to 17 p c. Tho raono- 
clinio crystals are usually much elongated in the 
direction perpendicular to the plane 0 ? symmetry, 
the habit thus being prismatic*. The colour 
ranges from green to brown, and is usually a 
characteristic yellowish -green resembling that 
of a pistachio-nut, hence the name pistacite 
sometimes applied to this mineral. Sp gr. 3 3 
-3*5 ; H. 6-7. Good crystals are found at many 
localities, and very line ones at the Knappenwand 
in the Untersulzbaehthal in Salzburg. These 
are of a deep green colour and are sometimes cut 
as gem -stones. Epidote is strongly pleochroic, 
ami when manganese (Mn 2 0 3 ) enters isomorph- 
ously into the composition this character becomes 
still moro pronounced. This is seen in the witha- 
mite variety from Glencoe, Scotland, and in the 
cherry red manganese-cpidote (piedmontite) 
from San Marcel, Piedmont. As a rock-forming v 
mineral epidote is abundant in crystalline schists 
and metamorphio rocks ; and it is often present 
in weathered igneous rocks. A rock composed 
of epidote and quartz is known as epidosite or 
epidote-schist, and sometimes carries gold. 
Banded epidosites have been used as ornamental 
stones. L. J. S. 

EPINEPHRINE v. Adrenaline ; also Syn- 
THETIOfDRUGS. 

EPININE. Trade name for 3.4-Dihydroxy- 
pnenylethylmethylamine. See Adrenaline. 

EPIOSIN^. Trade name for l.metbyl.4.5- 
diphenyiene imidazole. # 

0 EPiRENAN". Synthetic druot. 

EPRONAL. Ethflpropylaoetylurethane. 
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EPSOM SALTS. Magnesium sulphate ( v . 
Magnesium). 

EPSOMITE or Epsom Salts, MgSO«,7H t O, 

as a mineral usually occurs as silky white fibres 
forming efflorescences in limestone caves, mine 
galleries, &c. Crystals are orthorhombic with 
spheroidal hemihedrism and a prismatic habit., 
the prism angle being nearly a right angle 
(89° 26'). Although good crystals arc readily 
obtained by artificial means, in nature they arc 
of rare occurrence. They have, however, been 
found in the. salt deposits at Stassfurt in Prussia ; 
where also a massive variety (‘ reiehardtite ’) 
ferniB thin layers in carnallite. This epsonute 
is no doubt derived by the hydration of the 
more abundant kiesento, MgH() 4 ,llJ). In 
Albany Co , Wyoming, and on the border of 
British Columbia and Washington, there aro 
several small lakes containing rich deposits of 
compact white epsonute. At Epsom in Surrey, 
from which place the name is derived, the salt 
occurs only in solution in mineral waters 
♦ ‘ L. J. S. 

t ERBIUM or Neo-Erbium Sym. Er. At wt. 
167-7. A dark-grey powder; sp.gr. 4-77 at 15° 
(S. Meyer, Monatsh 1809, 20, 703) 

Sources. — Ytterbite (gadolimte), yttrotant- 
alite, euxemto, xonotime. 

The oxide of this metal belongs to the group 
of yttrium earths, forming with dysprosium 
and thulium the erbium sub-group, tin*, salts of 
which are distinguished by their colour and 
by their characteristic absorption spectra in 
solution. 

Separation and purification of the yttrium 
earths. The following methods have been 
employed in separating the closely related 
members of the yttrium earths : 

1. Fractional decomposition of nitrates (Bahr 
and Bunsen, Annalen, 1806, 137. 1). The 
nitrates, heated until nitrous fumes are evolved, 
leave a vitreous residue of basic nitrates, the 
solutions of which, m hot water, slowly deposit, 
on cooling, small pink needles containing the 
greater proportion of the coloured erbium earths. 
The crystals arc extracted with 3 p.c nitric acid, 
the solution evaporated, the residue again 
heated, and the whole series of operations 
repeated many times. The erbium earths 
accumulate in the less soluble basic salts, 
whilst the remaining yttrium earths, and any 
cerium earths which may be present, accumulate 
in the final mother liquors, and are not readily 
freed completely from the erbium earths. 
Further separation is effected by heating these 
nitrates from the final mother liquors so steonglv 
that the residue consists of oxides mixed with 
insoluble basic nitrates. On extraction with 
water, the erbium compounds remain undis- 
solved, and the operation is repeated till the 
more soluble yttrium salts no longer show 
absorption bands. 

According to Wichers, Hopkins and Balke 
(J. Amer. Chem. Hoc. 1018, 40, 1615) the nitrate 
fusion method is very efficient for separating 
erbium and yttrium and Is much bett*r than 
any of the later methods, although the cobalt- 
cyanide and the nitrite precipitation methods 
(v. supra) are both good, the latter being the 
more practicable and efficient. - • 

2. Dijfermces in the sdubility of the oxides * 
—The oxides are mixed wiih water and treated 


| with un amount of nitric acid insufficient to 
convert the oxides into normal nitrates. The 
| mixture becomes hot, and, after cooling, con- 
centrated nitric acid is added until the product 
assumes a reddish tint. The precipitate is then 
! digested with alcohol, which dissolves the normal 
' nitrate, to the exclusion of the basic nitrates, 
i The latter consists chiefly of erbiurfi salts mixed 
1 with some ytterbium and scandium compounds, 

1 tbo more basic yttrium and cerate metals passing 
[ into solution. The final separation of erbium 
| from ytterbium and scandium is effected by 
I fractionally precipitating the basic nitrates by 
I adding oxides to the solution of normal nitrates. 

! In this operation ytterbium and scandium are 
precipitated as basic nitrates, while erbium 
remains dissolved (r. Drossbacb, Ber. 1902, 35, 

1 282(i). 

i 3. Fractional precipitation by alkalis or 
aniline Tho addition of ammonia to hot 
, solutions of the salts of the yttrium group 
occasions the precipitation of basic salts whicn 
aro easily filtered. c , 

, Tho neutral chloride dissolved in 50 p.c. 
j alcohol is decomposed at 90° with alcoholic 
amliiio, or the hydroxide is treated with aniline 
I hydrochloride in aqueous solution (Drossbacb, 

! Ber 1896, 29, 2452 ; Mullmann arid Baur, ibid. 

' 1900, 33, 1748 ; 1902, 35, 2382 ; Urbain, Compt, 
rend. 1901, 132, L 136; kruss, Annalen, 1891, 
265, 1; Zeitseh. anorg. Chem.* 1893, 3, 108, 
353, 407) 

4. Fractionation until ammonium carboneilc 
and acetic acid — The hydroxides of tho yttrium 
group aro moderately soluble in concentrated 
aqueous ammonium carbonate, and from this 
solution the earths may be fractionally pre- 
cipitated by acetic acid (Dennis and Dales, 

J Amer. Uhem. Hoe 1902, 24. 400). 

5. Fractional i on of oxalates, acetates , acetyl- 
a c donates, rthifbadphates (Urbain, Ann. ('him. 
1‘hys. 1900, |7J J9, 184; Mare, Ber. 1902, 35, 
2370) ; fonmtes (K. A. Hofmann, ibid. 1908, 41, 
308) , ferronyamdes (Bolini, Die Darstellung 
del* seltencn Erden) ; brornates (James, J. 
Amer. ('hem Hoe. 1908, 30, 182); e brornates 
(Kruss and Zoose, Zeitseh. anorg. Chem. 1893, 
3, 92). 

Various methods of separation of erbium 
from yttrium have been examined by Willand 
and James (J. Amer Chem. Hoc. 1916, *38, 1198), 
who find that fractional precipitation with (1) 
sodium nitrite ; (2) with potassium * cobalti- 
eyanide from a hydrochloric acid solution ; (3) 
with sodium phosphate from a dilute nitric acid 
solution of the oxides on the whole yield the 
best results. In all three methods the last 
fraction was obtained by the addition of oxalic 
acid to the final liquors. 

Erbia (erbium oxide) Er 2 0 a . A pink powder 
obtained by heating the oxalate at 575 -845° ; 
sp.gr. 8-64 ; sp.ht. 0-065. Ho prepared is apt 
to retain carbon dioxide. 

The salts of erbium have a pink or reddish 
colour, a sweet, astringent taste, and their so- 
lutions exhibit characteristic absorption bands 
In the red, green, and blue regions of the spec- 
trum. The wavo lengths corresponding with 
the two most prominent bands are as follows : 

A 522-5-523 -5 and 647-5-65D5. 

Unless ionic dissociation is repressed, dilute 
solutions of the various erbium salts exhibit 
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identical absorption speotra (Zeitsch. phyfeikal. 
Chera. 1906, 60, 624 ; v. Purvis, Proc. Camb. 
Phil. Soc. 1903, 12, 202, 206). The absorption 
bands undergo displacement when the solutions 
are placed in a magnetic field (J. Becquerel, 
Compt. rend. 1907, 146, 1412). 

(For accounts of the flame, spark, and arc 
emission spectra, v. Thal6n, ibid. 1880, 91, 326 ; 
Exner and Haschok, Wien. Akad. Ber. 1899, 108, 
Ha, 1071, 1123;* Eder, Chem. Zontr. 1916, i. 
242 ; ibid. ii. 456.) . According to Eder erbium is 
probably complex. 

Erbium salts exhibit signs of radio-activity 
(Strong, Amer. Chem. J. 1909, 42, 147). 

Erbium sulphate Er 2 (S0 4 ) 3 ,8H,0. Pink 
monoclinic crystals, separating from aqueous 
solution at 20°~25° ; lsomorphous with the 
corresponding yttrium, praseodymium, and 
neodvnuum salts (Kraus, Zeitscli. C’ryst 1901, 
34,307). 

The double sulphates Er 2 (K0 4 ) 3 ,K 2 S0 4 ,41I. i O 
and Er i! (Rn i ) 3 ,(KH 4 ),S() 4 ,4H 2 0, are readily 
soluble lmcetcl water. 

Erbium nitrate Er(N0 3 ) 3 ,5H 2 G. Barge 
reddish crystals stable in air. When heated on 
platinum wire, the nitrate imparts an intense 
greenish colour to the flame, which, when viewed 
through the spectroscope, shows bright lines m 
the yellow-green and orange-blue regions of the 
spectrum. These bright lineu correspond in 
position with the dark bands of the absorption 
spectrum. 

Erbium format* Er(C 1 1 0^,2 H />. Crystal- 
lises from cold aqueous solution. 

Erbium oxalate Er,(C,O 4 ) 3 ,10H 2 () (Tv. A 
Hofmann, Ber. 1910, 43, 2631) is a reddish, 
spi ringly soluble miorocrystalhne powder 

Erbium platinocyanlde Er 2 |Pt(CN) 4 1 3 ,21H/), 
like the eorrespondmg yttrium salt, crystallises 
in red prisms with a green metallic reflex. For 
other salts, .see Morgan and James, ,J. Amer. 
Chem. Soc. 1914, 36, 10 ; Katz and James, ibid. 
1913,36,872. G. T. M. 

ERECTHIDIS OIL consists of a terpene 
Cj(,H 16 , which boils at 176°, and at 18‘6° has a 
sp.gr. of 0 838. This body absorbs a molecule of 
hydroohlone acid without the separation of a 
crystalline compound. The portion of the oil 
which boils abovo 200° also consists of a terpene 
(Beilstoin and Wiegand, Bor. 16, 2854). 

EREPSIN v. Enzymes, art. Fermentation. 

ERGAMINE, ERGOSTEROL, ERGATHI- 
ONEINE, ERGOTIN, ERpOTININE, ERG0- 
TOXINE v. Ergot. 

ERGOT OF RYE.' Sjmired rye ; Ergota, 
B.P., U.S.P. Seeale cornvtnm. ( Ergot dc mglc, 
Fr. ; Muiterkdrn, Ger.) Ergot of rye consists 
of the dried sclerotium (resting stage) of the 
fungus Claviceps purpirca (Tulasne) developed 
from the ovary of ftie rvo (Secede cercale). The 
grains are dark violet- mack, 1-4 centimetres 
long, slightly curved and tapering at both ends. 
The same or a closely related fungus occurs on 
a number of other grasses, wild and cultivated, 
and on soifle Cyperacece. The first definite 
mention of ergot which the writer has been able 
to trace, is in the 1682 edition of Adam Lonicer’s 
Kreuterbuch , cap. ccclxx. p. 286, whero its 
use by midwives is also referred to. From an 
acoount bv the medical faculty of Marburg, 
published in 1697, down to the middle of the 


19th century, there is a voluminous literature 
in German and in French, on ergotism ; there 
seems little doubt, however, that the epidemic 
ignis sacer of the Middle Ages was also due to 
the presence of ergot in flour ( cf . Ehlers, Uergo- 
tisme, Paris, 1896). Only one outbreak of 
ergotism in England (due to wheat) has been 
dascribod (Phil. Trans. Roy. Soc. 1762, 62, 630). 
The use of ergot by midwives was forbidden 
in several countries about 1770-1780, but in 
the second decade of the last century it was 
definitely introduced into scientific medicine 
by the American physicians Prescott and 
Stearns, and now ergot is only important as a 
drug, being chiefly employed as a stimulant of 
uterine muscle. In the United States ergot 
growing on wild grasses (especially on species of 
Elymm, cf. cdso Am berg, Schweiz. Woeh. Chem. 
Pharm 1911, 49, 489), has occasionally given 
rise to extensive poisoning of horses and cattle. 
Further botanical and historical details aro 
given by Fluokigor and Hanbury, p. 740. 
Cooke, Brit. Fungi, 772 ; Pharm J. [iii.] 1,<T02 ; 
Parsons, Rep U.S. Commissioner Agriculture, 
1880, 136; Holmes, Pharm. J. 1886, [iii.) 16, 
684 ; Robert, Historische Studien, Hallo, 1889 ; 
Carruthers, Rep. Roy. Agrie. Soc. 1874, [ii. 1 
10, 443 (with illustrations of ergot on othei 
grasses). 

The chief commercial varieties of ergot of 
rye come from Russia and from Spain. ‘ Bold 1 
ergot with large grains, is probably of no special 
value, because several writers agree that the 
larger grains have a smaller percentage of 
alkaloid than the smaller ones. Although they 
aro not official, other ergots, growing on wild 
grass**, deserve attention as a source of alkaloid. 
E.g. that on Mon dm cceruka lias been found to 
contain as much as 0-81 p c. FcMuca ergot 
contains 0-34 pc. (Pharm. J. J 91 3, 130). Per- 
haps ‘ Diss’ ergot on A in pcl<xl esmos tenax( Link . ) , 
occurring along the coast of Algeria, might thus 
be utilised (cf. Grrmaix etChassang, Rev. ined. 
et pharm. do l’Afnque du Nord, Algor, 1898, 
1, 45, 78, 113, 146, 184 ; also Holmes, Pharm. J. 
1886, [iii.) 16, 684). Dias ergot has better 
keeping properties than ergot of rye, about whicli 
the Brussels Conference agreed that it should 
not bo more than one year old and should be 
preserved entire. The rapid deterioration of 
ergot seems to bo due to oxidation, which 
is favoured by the presence of the oil. Hence 
removal of the latter by light petroleum has 
been recommended. Aymonicr (J. Pharm. 
Chim. 1897, [vi. | 6, 359) suggests coating the 
ergot *with a dilute ethereal solution of tolu 
balsam. 

The literature on the chemistry of ergot 
is as voluminous as that on ergotism. The 
first investigation is recorded by J. G. Model 
in his ChymiSchc Nebenstunden (Wittenberg, 
1771), seven years after von Miinchhausen 
had first recognised the drug as a fungus. 
Among older writers wo need, however, only 
mention here Tanret (Compt. rend. 1876, 81, 
896), \#io first obtained the crystalline alkaloid 
eigotinme,, and Buchheim (Arch. exp. Path. 
Pharm. 1874, 3, 1) who, albeit without experi- 
mental evidence, expressed the view that the 
activity of ergot is due to decomposition products 
»of protein. Tne adyie principles $f ergot hare 
only been obtained pure in recent years. They 
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are* a complex alkaloid and some simpler 
bases. 

Ergotoxine C 35 « 41 0 9 N ? , m.p. 162V164 0 , an 
amorphous alkaloid yielding crystalline salts, 
of which the phosphate CajHuOgNpHgPC^HjjO, 
m.p. 187°-I88°, is the most readily obtainable 
(Barger and Carr, Chem. News, 1906, 94, 89; 
Trans. Chem. Soc. 1907, 91, 337 ; Barger and 
Ewins, ibtd. 1910, 97, 284 ; 1918, 113, 235). This 
alkaloid had been obtained in an impure form 
as ‘ amorphous ergotimne ’ by Tanret, and was 
termed liydroergotmine by Kraft (Arch. Phann. 
1906, 244, 336 ; 1907, 245, 644), who, without 
analyses, first recognised it as a hydrate of 
Tan rot’s ergotinine. 

The alkaloids of ergot are best obtained on 
a small scale by extracting the powdered drug 
with ether and. shaking the ethereal solution 
with a weak acid (citric, tartaric). Excess of 
strongly ionised mineral acids precipitates the 
salts of the ergot alkaloids, which, on account 
of their high molecular weight, are semi -colloids. 
This property led many of the earlier investiga- 
tors into error, but may be put to account when 
working on the large scale. The residue left 
on evaporation of an alcoholic tincturo of ergot 
is extracted with light petroleum, to remove the 
fat. It is then dissolved in ethyl acetate and 
shaken with citric acid ; sodium bromide solu- 
tion then precipitates the mixed hydrobromides 
almost quantitatively. The latter are dissolved 
in ddute caustic soda, from which ether removes 
only ergotimne. The caustic soda solution is 
then neutralised, made alkalme with sodium 
carbonate and extracted again with ether. 
The erfide orgotoxme left on evaporation, to- 
gether with that from tho mother liquors of 
the crystallisation of ergotimne (see bolow), is 
dissolved m 80 p.c. alcohol and a slight excess 
of syrupy phosphoric acid m alcohol is added. 
On standing for a few days the ergotoxine 
phosphate crystallises in thin needles, which 
on lecrystallisation from 50 parts of 90 p.c. 
alcohol may be transformed into bi$>ad plates. 
They are soluble in 313 parts of cold and 
14 parts of boiling 90 p.c. alcohol. By 
shaking with cold distilled water a 1 p.c. solu- 
tion is obtainable, winch is strongly opalescent 
and sets to a thick jelly on the addition of 
electrolytes. For physiological experiments 
ergotoxine is best dissolved in dilute sodium 
hydroxide. 

Ergotinine, although not physiologically 
active, may be considered here. The alkaloid 
left on evaporation of its ethereal solution 
(above) readily crystallises from absolute alcohol 
« in needles, m.p. 229° (corr.), and having the 
composition C 36 H 38 0 6 N 6 . It is extremely 
soluDle in cold chloroform, and dissolves in 
292 parts of absolute alcohol at 18° ; in alcohol 
[a] D — +338° ; tho solutions are strongly fluores. 
cent. Prolonged boiling with alcohol lowers 
the rotation and produces an amorphous de- 
composition product. Heating in alooholic 
solution with slightly more than one equivalent 
of (phosphoric) acid transforms ergotinix e mto 
ergotoxine phosphate which may be crystallised. 
The e$ane change takes place slowly in cold 
dilute 'acetic acid. Conversely ergotoxine is 
dehydrated t$ ergotinine by boning with methyl 
aloohol or by farming with acetic anhydride. 

Both alkaloids give die following colour 


reactio n (Tanret). A solution of 1 m.g. of the 
alkaloid in ether or in ethyl acetate is allowed 
to evaporate on tho surface of concentrated 
sulphuric acid (containing oxides of nitrogen). 
A transitory orange colour is developed changing 
to violet-blue. Keller (Schweiz. Woch. Chem. 
Pharm. 1894, 32, 121) has improved this by 
dissolving 2-3 m.g. of the solid alkaloid in sul- 
phuric acid on a watch glass and stirring in a 
trace of anhydrous ferric chloride, when an 
orange colour is produced, changing to deep red 
and then becoming blue or green at the edges. 
Alternatively the solution of the alkaloid in 
glaeial acetic acid may bo poured on sulphuric 
acid, without mixing. The test yields a positive 
result with tho crude alkaloid from 1 gram of 
ergot. 

Both alkaloids are sensitive to general alka- 
loidal preeipit-ants, potassium , mercuric iodide 
giving a faint opalescence with 1 part of alkaloid 
in 1-2 millions of water. On dry distillation 
both alkaloids yield a crystalline sublimate in 
wobutyryl formamide CH(CH 3 ) ! }CO , CO'NH 2 
(Burger and Ewins, l.c.). Ergotoxine probably 
contains a carboxyl group and ergotinine is 
the corresponding lactone. Both contain one 
N-methyl group, but no O-methyl group (Barger 
and Ewins, (’hem. Soc, Trans. 1918, 113, 
235). Ergotinine does not yield any crystalline 
salts. 

The total alkaloids of ergot \i.c. ergotoxine 
4- ergotinine) may be estimated by exhausting 
the finely powdered drug with light petroleum, 
mixing it with magnesia, extracting with ether 
and shaking the ether with dilute acid. After 
making alkaline with ammonia ‘the alkaloids 
arc again shaken into ether, and estimated 
gravimetncally (Keller, l.c.). For details and 
results of analysis, see Allen’s Comm. Organic 
Analysis, 1913, vol. vii. p. 21. Tho alkaloidal 
content, vanes roughly from 04 to 0 4 p.c., and in 
Russian and Spanish ergot is generally between 
0-2 and 0-3 p c. Konig (Apot. Zeitseh. 1912, 27, 
879) found 10 samples of German ergot to 
contain 0-032-044 p c. An approximate idea 
of the ergotoxine content may be obtained by 
physiological means (Barger and Bale, Bio-Chem. 
J. 1907, 2, 240). 

In addition to a specific alkaloid, the active 
principles of ergot compuse a ribmber of simpler 
oases, derived from the amino-acids of protein 
by loss of carbon dioxide. Of theso 0-iminazo- 
lylethylamine (from histidine) and p-fiydroxy- 
phenylethylamine (from tyrosine) are thera- 
peutically the most important. They can be 
prepared synthetically and are also formed by 
putrefaction. Their physiological action has 
been much studied of late and they have been 
applied practically. 

Histamine (0 -iminazolylethylumine ‘ 0-i,’ 4- 
fi-aminoelhylglyoxaline, ergariline ) 

CH=N. 

( >c-ch 8 -ch s -nh 3 

NH-CH/ 

^as obtained first synthetically “by Windaus 
and Vogt (Ber. 1907, 70, 3691) and then by 
Ackermann (Zeitseh. physiol Chem. 1910, 65, 504) 
bv the putrefaction of histidine. Its intense 
physiological activity wae not recognised until 
it was isolated from a commercial dialysed ergot 
preparation (Barger and Dale, Chem. Soc, Trans. 
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1910, 97, 2592). Kutsoher (Zentralb. Phjsiol. 
1910, 24, 163) isolated it simultaneously from 
ergot, but did not correctly identify it. The 
substance is certainly present in eigot as such, 
but its amount may be increased by such 
processes as prolonged extraction and dialysis. 
The base can be Stained directly from histidine 
by putrefaction (B. R. PP. 2528724, 256116, 
Hoffmann, La Roche & Co ; B. R. P. 250110, 
F. Bayer & Co. ; the yield is inconstant but 
may reach 60 p.c. or more). It irtay also be 
made from histidino by heating with acids (Ewins 
and Pyman, Trans. Chem. Soc. 1911, 99, 339; 
yield 25 p.c.). It is best obtained by reduction 
of the nitrile of iminazolylpropionio acid (Pyman, 
Trans. Chem. Soc. J 911, 99, 668), which nitrile 
m its turn is obtained most conveniently from 
histidine by tho action of chloramme-T (Bakin, 
Biochem. J. 1916, 10, 322), although it may 
also be synthesised, according to Pyman (l.c. ; 
cf. also Koessler and Hanke, J. Amer. Chem. 
Soc. 1918, 40, 1706). Tho most important salts 
aro the p%pJa^C 6 'H e N 3 -2H 3 P0 4 forming large 
crystals, and the drpicrate 

C 5 H 9 N 3 (C fl H 3 0 7 N 3 ) t 

yellow rhombic leaflets, m.p. 238°-242 ;> (corr.). 
The free base is readily soluble in water ; its 
solutions give Pauly’s histidine reaction with 
sodium p-diazobenzene sulphqnate ; a very 
distinct roso-pirife colouration is still obtainable 
at 1 ; 10,000 

Tyramine (p- Hydroryphenylethylamme) 

OH'CjHi’CH pCH a NH 2 'is similarly derived 
from tyrosine by loss of carbon dioxide. On 
a small scalo it can be obtained by heating 
tyrosine to 260°-270° under reduced pressure 
. (Schmitt and Nasso, Annalcn, 1865, 133, 211 ; 
Ehiiich and Pistschimuka, Ber. 1912, 45, 1006, 
thus obtained a 50 p.c. yield). On a larger 
scalo it is best got by reduction of p-hydroxy- 
benzylcyanido according to Barger (Trans. 
Chem. Soc. 1909, 95, 1123), who first isolated 
it from ergot. It also occurs as a product of 
putrefaction (Barger and tValpole, J. Physiol. 
1909, 38, 343). The free base melts at 161° 
and boils at 175°-180° and 8 mm. It dissolves 
in 95 parts of water at 15° and can be extracted 
from aqueous solutions by shaking many times 
with ether, more <readily by amyl alcohol. It 
gives Millon’s reaction, the most characteristic 
derivative is the dibenzoyl compound C 22 H 1# 0 3 N, 
m.p. 170 0 -.* 

Acetylcholine 

0H(CH 3 ) 3 N-CH 2 -CH 2 0-0C-CH s 

occurs in ergot and ergot oxtracts in varying 
small amounts. It was isolated by Ewins 
(Biochem. J. 1914, 8, 44) from a B.P. liquid 
extract. It is hydrolysed almost at once by 
rendering its solution«alkalino with caustic soda. 

Physiological action of the active principles . — 
Ergotinine is inert, but orgotoxine causes, on 
intravenous or intramuscular injection, a pro- 
longed rise of blood pressure and contraction 
of the pregnant uterus. Repeated administra- 
tion lewis to dry gangrene, c.g. of the cock’s 
oomb, which is coloured purplish black by small 
doses, a reaction used at one time for the testing 
of ergot preparations (for criticism v. Cronyn 
and Henderson, J. Pharm. exp. Therap. 1909, 
1, 231). Ergotoxine is the poisonous principle 
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responsible for epidemic ergotism (Robert 
attributed the two types of %s disease to the 
alkaloid comutine and the resin sphacelinic 
acid, but both these substanoes seem to have 
been ergotoxine in an impure or modified form ; 
cf. Barger and Bale, Biochem. J., 1907, 2, 240). 

& - Iminazolylethylamine is one of the most 
potent of drugs, causing marked contraction of 
tho isolated guinea-pig’s uterus in a bath con- 
taining 1 : 25.000,000. p-Hydroxyphenylethyl- 
arnine resembles adrenaline in action, as in 
structure, but is much less potent ; it causes a 
rather transitory rise of blood pressure. Acetyl- 
choline is not a therapeutically desirable consti- • 
tuent It has a muscarine-like action, inhibiting 
the heart, and stimulates intestinal muscle 
(Hunt and Tavoau, Hygienic Bulletin, Washing- 
ton, No. 73, 1911). In most ergot preparations 
tho amount is negligible. For a detailed account 
of the last three and most of tho following bases, 
sec Barger, the Simpler Natural Basos, Long- 
mans, 1914. 

In addition to ^-iminazolylethylamine,® p- 
hydroxyphenylethylammo and acetylcholine, 
there have been found in ergot quite a number 
of other substanoes of bio-chemical interest, 
which are not peculiar to the drug. They are 
inert, or have only a slight physiological action. 
Pulrescme. and Cadaver i n r (Rielander, Sitzber. 
ties. Naturw. Marburg, No 7, 1908), isoamyl- 
amtnc (Barger and Bale, Proc. Physiol. Soc., 
May 15, J909), and atjmatme (Engeland and 
Kutseher, Zontralbl. Physiol. 1910,24, 479) aro 
all amines, derived respectively from ornithine, 
lysine, leucine and arginine, by decarboxylation. 
Agnmtino has an action on the uterus like that 
of ^-iminazolylethylamine, but very much 
feebler. It is guamdylbutylamine 

NII, C( NH)NHCH 2 CH 2 CH 2 CH 2 NH 2 

and was first discovered m herring roe by ' 
Kossel (Zeitsch physiol. Chem. 1910, 66, 257). 

A few ammo-acids have also been found as 
such : leucine (Buehheim, l.c.), aspartic acid 
(Barger and Bale, Biochem. J. 1907, 2, 240), 
leucine , isoleucine, valine (van Slyke, J. Pharmac. 
exp. Therap, 1909, 1, 265). A mixture of these 
was described as an active principle, 1 clavin ’ 
by Valden (Acrh. exp. Pharm. Path. 1906, ’ 
55, 131). There are further present choline 
which gives rise to the odour of trimethylamine, 
when ergot is treated with sodium hydroxide 
(Brieger, Zeitsch. physiol. Chem. 1887, 11, 184), 
(for acetylcholine, see above), betaine and uracil 
(Rielander, l.c.), veminc C 18 H 20 O 8 N 8 ,3H 2 O, 
which «tlso occurs in leguminous seedlings 
(Schulze and Bosshard, Zeitsch. physiol. Chem. 
1887, 10, 80), lactic acid, mannitol, trehalose, 
phytosterols and fats (see below). 

Inert constituents which so far have not been 
found elsewhere are : secede amimmdphonic acid 
C 15 H 26 0 18 (NH 2 )S0 3 H (Kraft, l.c.), prisms, m.p. 
200°, soluble in water giving an acid solution ; 
ergothioneine 0 9 H 18 0 2 N 3 S,2H 2 0, isolated by 
Tanret (J. Pharm. Chim. 1909, [vi.l 30, 145) 
in an amount of 0*1 p.c. and shown by Barger 
an<} Ewins (Trans. Chem. Soc. 191 L, 99, 23^6) 
to be the trimethylbetaine of thiolhisthHao f 
seccdonic aad^C t4 H 14 0 8 , a crystalline 
colouring matter m.p. 244°, preset to 
extent of about z p.o. (Kraft, l.c.).* Thu sub- 
stance is probably tlil laotone of an hydfoxy 
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acid, and possibly identical with * 0,e 1 leav * fci^wate^nfSSSd 

Wharm 1?77 B^Sher^Z ! teSS iSS The filSteobtainedafter 
Path. Pharm. 1877, B, 1/4). i^aotner to the liquid IB evapo- 

yellow colouring matter C 1S H 14 0„H 1 0, m.p. bosom™ to one . third of its bulk. In 
350°, after regeneration of a crvstaUme acetyl m^aretort^to ^ ^ proce98 (Ber . i 6 , 

derivative haa been d^cnbed by Fr b Jh ^ ^ fa concentm * d { ^ the 

!^Xn t J cj:a g [1 .^ 

£ » , gSg^hsai- •s-arj 

it i^nfit'oxtractePby^t^er until the ajLo. 4 it no long™ loaves any residue 
ergot has been moistened with water containmg liquor obtained in the 

tartaric acid. It is soluble in aqueous alkalis from the leaves of red 

with a red colour. Clmncepsm^ <>irH 3 A«s with dl)uto hydrochloric or sulphuric 

m.p. 198° when anhydrous, [«]“ = i , acid> oricolm is deposited as a resinous precipi- 

waq extracted from ergot by Marino-Zuco and tate, which may be purified by solution in 

taonero (Gar/ ohnn.ftal. *10,41,368). ft w alcohol and precipitation by water (Kawalier . 

hvdrolvscd bv acids to two molecules of glucose , Rochledor and Schwarz, after deducting 
and f me of mannitol. The oil is quantitatively tho , 10 B p.c. ash, found encohn to contain 51 71 p.c. 
1'oTant constmient (mostly 30-33 p.c.) carls!., and 7-10 hydrogen, whence : they deduced 


t^ B n 30 U 3 1-0 explain t’Jif ucvi/mj/wo.v rt rm i 

of the substance. Ericolin, as prepared by 1 hal, 
is a brown-yellow, odourless?, hygroscopic, bitter 
Bubstanco decomposing even below 100 . It is 
decomposed by water. By extracting succes- 
sively with benzene, chloroform,* and a mixture 
of ether and alcohol, different substances go into 
solution ; it appears that the ericolin is thus 
broken up into a sugar and encinol. With 

* „ , jj d 0 f aclererythrin, ; dilute sulphuric acid warmed to 100°, a sugar 

tlm P r «<’"“,^, a ^ 1 t ral h “ e “ er g„i particles float ! and a ninous brown-yellow v»e,d mass, hv- 

" “fnif l^^r ' f/ttTir^nCmt^-coXX ^ 

subsequently modified 

„r,ri onn ho exammed microscopically. I to a;(O 6 rl l0 U 2 ). 


Midi, uiwaponifiabie matter 0-35 inorganic 
matter 0-2, alkaloid 0*6, and glycerol 7;5 

Ergosferd C g7 H 42 0,H 2 (>, m.p H>5 , and 
fungidcrol C 26 H 40 O,H„O, m.p. 144 ave o 
separated by Tanret (Compt. rend. 1908, 147, 
75). The second at least seems to exist m other 

fan Tho detection of ergot in flour is based on 
the 1 -enoe of t aj hajoids and of •*>£»£• j 


pouring on, aicoum w h 

Sinks and can be exammed microscopically. 
For further details, *w. Alton ■ Commercial 
Organic Analysis, vol. vii., 1913, p. 23, and 
Marino-Zuco and Duccim (Cazz. chim. itaL 
1914, 44, 437). 

For a critical discussion of the ergot prepara- : 
tions of the British Pharmacopeia, see Carr and 
Dale (Pharm. J. 1913, fiv.] 37, 130). It should 
be noted that ‘ ergotin ’ is not a pure substance, 
but a purified soft extract. The varying activity 
Of different extracts should be controlled by 
physiological test. ■ 

ERGOTINE v. Ergot of rye. 

ERG0TININE v. Ergot of rye. 

ERICA B v. Primitive 

ERIC IN. Trade name for salicylic methoxy- 

methyl ester C 6 H t <0Q.Q.(ifj g .Q^i{ 3 
ERICOL. Guaiacol acetate. 

ERICOLIN is found in several plants belong- 
ing to the order Ericaceae, especially in the herb of 
the marsh wild rosemary, Ledum j*duxUx (Linn.), 
(Rochleder and Schwarz, Annalen, 84, 368), dess 
abundantly in the common heath or ling, CaUum 
vulgaris (Salisb.) (Roohleder, tjtd.«54), in Rhodo- 
dendren f&mgineum (Linn.) (Schwarz, fold. 361), 
and in the red berberry, ^irctostaphyloe Urn-urn 
(Spreng.) (Kawalier, Sitz. W. 9, 29). 


to a?(C 6 H 10 O g ). 

The equations representing these decompo- 
sitions are as follows : — 

C 1 2e H 30 0 8 + 4H 2 0=C 8 H 12 O fl +C 8 oH lifl O 

Ericolin „ Ericinol. 

C 20 H g# 0+7H a O=2(C 10 H a o04) 

Hydroerlctnol. 

Power and Tutin, however, could not isolate 
ericolin by Thai’s process, and they found that 
ericinol was identical with furfural (C/hem. 
Zentr. 1907, i. 916). * , . 

Thai also isolated ericolin from CaUum vul- 
garis (Salisb.), and recognised it by the smell of 
ericinol in many Ericacece and Vaccinicce. 

Hanger extracted ericolip from the leaves of 
the cowberry ( Vaecinium nlis idem) by means of 
ether alcohol. It was then purified by precipi- 
tating foreign substances with lead acetate, ana 
removing excess of the latter with sulphuretted 
hydrogen. The substance so obtained, was of a 

resinous nature, completely soluble in ether 
alcohol, and corresponded with the composition 
C 1# H 25 O j0 (Cbem. Zeit. 1903, 27, 794) Encolm 
is probably not a chemical individual, but con- 
sists of a mixture of glucoside-like substances. 

Ericolin is poisonous towards many nuoro- 
organisms, particularly those belonging to the 
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eolon group, but has no action on acfe-fast 
bacilli. Twort (PAo. Roy. Soc. 1909, B. 81, 
248) has used it as a medium for the isolation 
and culture of human tuberculous bacilli from 
sputum. 

ERIGERON CANADENSE is an oil con- 
. sisting of a terpene boiling at 176°, which, when 
pure, has sp.gr. 0-850-0-870, and an optical 
rotation +52°. It is soluble in an equal volume 
of alcohol, and rapidly resinifies.. The com- 
mercial oil has sp.gr. 0-8549-0-8963 ; optical 
rotation, +28° 48' to 84-20° ; and b.p. 172°-178° 
(Kepler and Pancoast, Amer. J. Pharm. 76, 216). 

According to Rabak (Pharm. Review, 1905, 
23, 81 ; 1906, 326), the oil obtained from the 
fresh herb (0*60 p.c.) is of a bright-yellow colour 
with a peculiar odour like that of caraway. 
On exposure to air, it deposits crystals, and a 
brownish resinous mass is formed. The oil 
from the dried herb (0-26 p.c.) was darker in 
colour, had a powerful aromatic odour, and gave 
no crystals when oxposed to air. It also differed 
from the ft-esli herb oil in sp gr., optical rotation. 

. and other characteristics. In all probability, 
the terponcol found in ongeron oil is a decom- 
position product. The oil absorbs two mole- 
cules of hydrochloric acid to form a solid di- 
hydroeffloride C, 0 H, g ,2HCl, melting at 47°-48° 
(Boilstein and Wiegand, Bor. 16, 2864 ; Wallach, 
Annalen, 227, 2#2). * 

ERINOID. Sec 0 at, at, mi. 

ERIOCOCCUS CORIACEUS. This is a scale 
insect consisting of a small pinkish-white sac 
occurring in clusters, and which encase the stems 
of young shoots of the Eucalypti, more especially 
those on old or burnt stumps. These insects 
con Lain a colouring matter which dyes wool 
mo, ianted with chromium, aluminium, tin, 
and iron, brown, light amber, pale orange- 
brown and sage-green shades respectively. 
The colours thus obtained are not specially 
brilliant, and are not fast to alkalis (Gurney, 
Report of the Australasian Association for the 
Advancement of Science, 1898). A. G. P. 

ERIOGLAUCINE. The trade name of the 
dyestuff obtained by condensing benzaldehydc- 
o-sulphonic acid with ethyl benzylanilinesul- 
phonic acid (J. Soc. Chem. Ind. of Basle, Eng. 
Pat. 25128 ; Gneljm and Schiile, Annalen, 299, 
347). 

ERODIAMINE C, 0 H 17 ON 3 , light yellow 
plates, m.-p. 287°, and rutaecarpine C 18 H l3 ON 3 , 
light yellow needles, m.p. 268°, occur in the fruit 
of Erodia rutaecarpa (Asahina and Kashiwaki, 
J. Pharm. Soc. Japan, 1915, No. 405, 1293 ; 
Asahina and Mayeda, ibid. 1916, No. 416, 871 ; 
Amer. Chem. Soc. Abstr. 1916, 607 ; 1917, 332). 
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The annexed constitutional formula; have 
been assigned. Perhaps they are not fully 
established, but they are of considerable interest 
as showing that the alkaloids are derivatives of 


indole ; they also show a relationship to harma- 
line and harmine. On boilfhg with alcoholic 
hydrogen chloride erodia mine (I.) is converted 
into isoerodiamine C 19 H t7 ON„H a O, m.p. 155°- 
156°, and this is decomposed by alcoholic potash 
into carbon dioxide, N-mothylanthranilic acid 
and a base C 10 H 12 N 2 , m.p. 120°, which has been 
identified as 2-/8-aminoethyl indole. Isoerodi- 
amine is regarded as 

HNC 8 H 4 CH : C-CH 2 -CH a 'N‘CO-C 4 H 4 ‘N(Me)’CHOH 

Rutaecarpine (II.) is similar to erodiamine. 
but more soluble in alcohol ; hot potassium 
hydroxide in ammonium hydroxide yields 
anthranihe acid, and an unidentified product, 
which on fusion with potassium hydroxide, 
like the base C 10 H 12 N 2 from erodiamine, yields 
2-mdolc carboxylic acid G. B. 

ERUBESCITE v . Borntte. 

ERUCIC ACID G 22 H 42 O a . A homologue of 
acrylic acid obtained, together with oleic jicid, 
by the saponification of the fixed oil of white 
mustard. It was found together with behenic 
acid by Goldschmiedt (Sitz. W. 70, 451) in the 
oil expressed from black mustard, and by Fitz 
(Ber. 1871, 442) in the fat oil of grape seeds. It 
is best obtained by saponifying rape oil (from 
Brassica campeMns, Linn.) with alcoholic potash 
distilling off the alcohol and dissolving the acid 
liberated on the addition of sulphuric acid in 
throe times its volume of 95 p.c. alcohol ; on 
cooling to 0°, crystals of crude acid separate out 
in an almost pure condition (Reimer and Will, 
Ber. 1886, 3320). It may bo obtained by 
saponifying colza oil, freeing the orucic acid 
from araehulio acid by treatment with glacial 
acetic acid, in which the latter is insoluble 
(Ponzio, Gazz. c-hiin. ital. 1904, ri. 50). It is also 
present in cod liver oil (Bull. Ber. 1906, 3570). 

Eruoic acid crystallises in colourless needles, 

m. p. 34°; b.p. 281° at 30 mm. Heated with 
phosphorus oxychloride, it forms an anhydride 
U 44 H 82 0 3 , an oil which may bo crystallised in a 
freezing mixture. By treatment with nitrous 
acid, or better, by warming erucic acid with 
(liluto nitric acid to the melting-point and then 
adding sodium nitrite, brassidic acid (brassic 
acid) is produced- This acid stands to orucio 
acid in the same relation as olaidio to oleic acid. 
Of. Masearelli, Atti R. Accad. Lincoi, 1917, [v.] 
26, i. 71. Fused with potash, erucic acid yields 
aradic (arachidic) and acetic acids. Concen- 
trated nitric acid converts erucic acid into bras- 
silic ac$ (C,jH 24 0 4 ), pelargonic acid, arachidic 
acid, and a small .quantity of dinitrononane 
(Fileti and Ponzio, J. pr. Chom. [2] 48, 323), and 
concentrated sulphuric acid into behenolaotone 
(Shukow and Schestakow, Chem. Zentr. 1908, 
ii. 1415). With hydriodic acid and amorphous 
phosphorus, it is converted into behenic acid 
(Goldschmiedt, J. 1876, 579). On treatment 
with phosphorus triodido, * iodobehenio aoid is 
obtained, which on treatment with alcoholic 
potash, vields iso-erucic acid, m.p. 54° (Ponzio, 

n. c.). Erucic acid is converted into behenic add 
by* heating with iodine in a sealed tube for 
4 hours at 270° (Reychler, Bull. Soc. chim. [3] 
1, 296). .When bromine is added to ^rucic add 
under water, a dibromide C 22 H 4l BfJo. is pro- 
duced. It crystallised from alcohol in small 
white nodular crystals, m.ja 42°-43°, and Is 



ERUCIC ACID. 


644 

reduced to erucic acid by sodium amalgam in 
alcoholic solution. Its barium and lead salts 
(C^H 41 Br 2 O a ) 2 Ba and (C 22 H 4I Br 2 0 2 ) 2 Pb are 
white, viscid, easily decomposable precipitates 
(Otto, Annalen, 127, 182 ; 135*, 226). Erucic 
acid dibromide heated in scaled tubes to about 
146° for 7-8 hours, with 4 or 6 mols. potassium, 
hydroxide in alcoholic solution, yields tho potas- 
sium salts of behenolie acid 

C 28 H 4 „0 2 (=C 22 H 42 Br 2 0 2 - 2HBr) 

(Holt, Ber. 1892, 961). Behenolie acid, on 
treatment with zinc-dust and acetic acid, yields 
brassidic acid and not crude acid. At ordinary 
temperatures, only 1 mol. of hydrobromic acid 
is abstracted by potash in alcoholic solution ; 
monobromcrucie acid (J 22 H 4 ,Br() 2 is formed, 
with rise of temperatuie and separation of 
potassium bromide. On diluting the solution 
with water and adding hydrochloric acid, the 
acid separates as an oil which soon solidifies. It 
melts at 33°~34° and remains liquid for a long 
time. It is heavier than water, and insolublo 
therein, but dissolves readily in alcohol and 
ether. It unites with bromine, forming a di- 
bromide C 22 H 4l Br0 2 'Br 2 , which melts at 
31°-32°, and forms amorphous viscid salts. 

When erucic acid dibromide is triturated with 
water and an excoss of silver oxide, and heated 
untilittums brownandevolvesliydiogen bromide, 
the mass, on boiling with water, yields a yellow 
oil which is a mixture of liquid hydroxyeruoic acid 
C 22 H 42 0 8 and dihydroxybehemc acid C 22 H 44 0 4 . 
The latter partially crystallises out on long 
standing. For complete separation, the washed 
oil is saponified with baryta water ; the precipi- 
tate is exhausted with other and the dissolved 
barium hydro xyerucate is decomposed by hydro- 
chloric acid. The hydroxyerucic acid, which 
separates as a colourless oil, is purified from 
alcohol. It is viscid, lighter than water, in- 
soluble therein, but miscible in all proportions 
with alcohol and ether. Its salts 0 22 H 4 ,0 8 M I 
are amorphous. All excepting those of tho 
alkali metals and barium are insoluble in water. 
Hydroxyerucic acid may also l>o formed from 
monobromorucic acid by the action of silvor 
oxide. Boiled with potash lye, it is converted 
into dihydroxy behenio acid (Haussknecht, 
Annalen, 163, 40). Dihydroxybehenic acid, 
m.p. 132°-133°, is also obtained by the oxida- 
tion of erucic acid with potassium perman- 
ganate (Hazura and Grussner, Monatsh. 9, 947). 
Sodium erueate C 22 H 41 Na0 2 is soluble in alcohol, 
and gives precipitates of lead and , barium 
erucates on the addition of an alcoholic solution 
of the acetates of these metals. The silver salt 
is a curdy precipitate, which becomes coloured 
on exposure to light. 

Ethyl erueate C 22 H 4l (C 2 H 5 )0 2 is a colourless 
oil boiling above 360° without decomposition. 
The amide C 22 H 41 0(NH,), m.p. 84° (Keimer and 
Will, l.c.), m.p. 78°-79° (Krafft and Tritschier, 
Ber. 1900, 3680), and the anilide, m.p 66°, are 
crystalline bodies readily soluble in ether or 
benzene, sparingly soluble in alcohol. * 

ERUCIN. A orystalline body said to ekist 
in white mustard seed. It is insoluble in water, 
sparingly soluble in alcohol, easily together or 
in oils (Sinftn, Pogg. Ann. 64, f93). 

Dterudn C s H 5 OH(C 2 §H 4x O g ) 2 . When ra£e 
oil^is allowed to stand for a long time, a yellowish 


tallow-like deposit is found frequently in the 
casks. This, by repeated solution in ether and 
subsequent addition of alcohol, may be obtained 
in silky needles. Dieruoin melts at 47° and is 
readily soluble in ether and light petroleum, in- 
soluble in cold but soluble in hot alcohol. A 
trierucin could not be separated from rape oil,- 
but was obtained by heatmg dierucin and erucic 
acid at 300°, m.p. 31° (Reimer and Will, l.c.) ( v . 
Oils and Fats). 

ERVASIN. Trade name for acetyl p-creso- 
tinate. 

ERYTHRENE. See Butinene. 

ERYTHRIN, Eri/lhrk acid, Erythrinic acid, 
Erythrokcanoric acid C 20 H 22 O 10 ,H 2 O, is a con- 
stituent of most lichens from which archil 
is prepared it was discovered by Heoren 
(Schweigger’s Jour. f. Chcm. 69, 513) in lioc.ella 
iinctoria (1>. 0.), from which lichen and several 
others of the same genus it may be extracted by 
boiling water, or better with milk of limo (ef. also 
Kane, Stenhouse, and Hesse (l.c.) ; Schunck, 
Annalen, 61, 69; De Luynes, Annaleg de ('him. 
[4] 2, 385 ; Menschutkm, Bull. Soc. ehim. [2] 
2, 424). 

The method adopted by Stonhouse to prepare 
this substance from the Eocelln fucifomis is as 
follows (Annalen, 68, 72, and 149, 290). Three 
pounds of the lichen are macerated for 20 minutes 
in a milk of hm4 made by shaking \ lb. of lime 
in 3 gallons of water, and the pioduct filtered by 
means of a bag filter. The clear liquid, as it 
passes through, is immediately precipitated 
with hydrochloric acid, as prolonged contact 
with the lime decomposes part of the erythrin. 
The crude erythnn collected on bag filters is 
freed from add and calcium chloride by stirring 
it up once or twice with a considerable quantity 
of water and again collecting. 

Erythrin forms small colourless needles, 
melting at, 148° (Hesse, Ber. 1904, 37, 4093), and 
not at 164°, as stated by Ronocray (Chem. 
Zentr. 1904, ii. 1504), and is sparingly soluble 
in water, easily soluble in alcohol, ether, and 
alkalis. Alcoholic ferric chloride gives a purple- 
violet- colouration, which passes to brownish-red 
on addition of excess of the reagent. 

When boiled with water, erythrin gives (tt) 
orsdlimc and and (b) picro-qrythrin (Schunck, 
Annalen, 61, 65) 

C, 0 H lt O 1# +H I O-(fl) C 8 H 8 0 4 +(6) C 12 H 19 0 7 
whereas by boiling with alcohol, picroerythrin 
and orsellmic acid'eihyl eater (c) are produced 
( Heeren, l.c. ; Kane, Annalen, 39, 25) 

C 20 H 2a O 10 + C 2 H 6 OH -(c) C 8 H 7 (C 2 H 5 )0 4 + C ia H 18 0 T 

With amyl alcohol, a similar- reaction occurs 
with formation of (d) amylorsellinate and picro- 
erythrin (Hesse, Annalen, 139, 22) 

t'aoRsi^io+ ^8^18^ = (d) + 0 12 H 1< |0 7 

On the other hand, excess of lime water (Lam- 
parter, Annalen, 134, 255) gives orcin, C0 2 , and 
erythrite 

C 80 H 22 O 1 0+2H 2 O=2C 7 H 8 O sl -fOO 2 +C 4 H 10 O 4 

Tribromerythrin 2C 2 „H 1 aBr 3 O 10 ,3H l O (Hesse, 
Annalen, 117, 310 ; and ibid. 139, 32) consists of 
white crystalline spherules which cake together 
a little above 100^ and melt at 139°. Boiled 
with alcohol, it is resolved into ethyldibrom- 
orsellinate and brompicroerythrin. 
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m 


Picroerythrin or erythro-oraellinic acid f 

^is®ia®7»3H a O 

forms colourless prisms, melts at 158°, is readily 
soluble in hot water, and givos with ferric chloride 
a purple-violet colouration. It appears to be 
most readily obtained pure by Hesse’s method 
of boiling erythrin with amyl alcohol (l.c.). 

Digestion with hot baryta water converts 
picroerythrin into C0 2 , orcin, and erythrite 
C 11 H 1 ,0 ,+H j 6 ! =C'O 2 +C,H,O 1 +C 1 H 10 O, 
The experiments of de Luynes, Menschutlun, 
and Hesso have confirmed the view first put 
forward by Berthelot, that erythnn is tho mono- 
lecanoric ester (1), and picroerythrin the mono- 
orseUmic ester of erythrite (2). 

According to Hesso (Ber. 1904, 37, 4693), 
erythnn oontains a free carboxyl group, and 
must therefore be represented os follows : — 
C 4 H a (OH) 3 ‘OC 6 H.>(OH)CO OC a II a (OH)COOH 

. cr 3 Ah, 

whereas picroerythrin has the formula . 

OCH a (CH OH) a -(!H,OH 

A 6 H 2 (OH)OOOH 


in 1832, from Ipv8p6s, red. The same name was 
also used by T. Thomson in 1843 for a flesh- 
red variety of orthoolase-felspar. 

• L. J. 8. 

ERYTRRITOL. Erythrol , Erythromannite, 

Erythrite ( v . C^bohydrates). 

ERYTHRODEXTRIN v. Dextrin. 

ERYTHROL NITRATE v. Synthetic drugs. 

ERYTHROPHLEINE C 2? H 43 0,N (?) is an 
amorphous alkaloid from Sassy Dark of Ery- 
thropfdoeum guincense, G. Don., a large legu- 
minous tree from the West Coast of Africa. 
The bark is used as an arrow poison and in 
ordeals, and is also known as Casca, Red water, 
or Mancona bark. Tho alkaloid vields only 
amorphous salts, and is the only known one 
having a digitalis -liko action on tho heart. 
Heated with concentrated hydrochloric acid 
it is hydrolysed to methylamino and an amor- 
phous acid. Erythroplileine hydrochloride is 
used to a limited extent in medicine (Gallois 
and Hardy, Bull. Soc. ehun. 1876, 26, 39 ; 
Harnack, Chcm. Zontr. 1897, i. 301 ; Power 
and Salway, Amer. J. Pharm. 1912, 84, 397). 

G. B. 

ERYTHROSIN ( Telraiodo fluorescein ) 
C 20 H 8 O 8 I 4 


ch 3 

Oi; tho other hand, Zoiner*(Monalsch., 1914, 
35, 1021) considers that the structure ot 

erythrin is best represented thus : 

Me Me 

J , J 

HO(| \-0O-O-0 t H„(OH) 5 -O-/ \-COOH 


I 

OH 


I 

OH 


fi-Erylhnn O 21 H a4 O 10 is prepared by the 
action of lirao water on some varieties of tho 
Jt. fuciformis (Menschutlun, l.c.). It is a wlnto 
crystalline powder ; m.p. 115°-11G° (Lamparter, 
l.c.) ; nearly insoluble in water, soluble in alcohol 
and ether with violent evolution of CO,. Boiled 
with watei, orselhmc acid, and 0 -picroerythrin 
are produced ; with alcohol, the lattor body to- 
gether with othylorsellinato. 

ft-Ptcroerythryi Ci 3 H lfl O 10 crystallises in 
needles, very soluble in water and alcohol. 
Boiled with baryta water, it is resolved into CO a , 
erythrite, and /9-oreinol (Monschutlun). 

According to Hesse {l.c.), it is probable that 
^-erythrin is not a chemical individual, but 
consists mainly of erythrin, tho properties of 
which are modified by the accompanying 
impurities. , A. G. P. 

ERYTHRITE or Cobalt-bloom. A mineral 
consisting of hydrated cobalt arsenate, Co 3 (A80 4 ), 
8H a O, crystallising, in the monoelimc system 
ana isomorphous with tho iron salt vivianite. 
Sometimes, as at Schneoberg in Saxony, it 
occurs as beautiful radially -arranged groups of 
blade-shaped crystals with a bright crimson 
colour and. brilliant lustre. More usually, 
however, it forms an earthy, peach-blossom red 
encrustation on other cobalt minerals, of which 
it is an alteration product. It has been found 
in the Dolcoath mine in Cornwall, Thuringia, 

' Allemont in France, Cobalt in Ontario, Chile, 
&(* The name waa given by F. S. Beudant, 


is prepared by electrolysing a mixture of fluores- 
cein (1 part) and finely powdered iodine (1‘5 
parts) in soda solution. The vessel is provided 
with a diaphragm, and the fluorescein mix- 
ture occupies the anodo space, whilst a dilute 
solution of soda or sodium hydroxide formB the 
kathode liquid (D. R. P. 108838, 1899 ; Chem. 
Zentr. 1900, l. 1176; c/. also Frdl. 1877-87, 
i 315). 

1 The commercial product is a red-brick powder 
dissolving m dilute alkalis without any marked 
' fluorescence. It can be purified by dissolving 
m aqueous other, filtering and shaking with 
i dilute sodium hydroxide. The sodium salt is 
: precipitated by the addition of strong alkali, 
i and, after filtering, wasliing, and recrystallisation 
, from alcohol, it is dissolved in water, and tho 
; free orythrosin is liberated by treatment witli 
hydrochloric acid (Mylius and Foerster, Ber. 
1891, 24, 1482). When pure, it is of a lighter 
colour than the impure product, almost in- 
soluble in absolute other, benzeno, or chloro- 
form, but more readily so in acetone, alcohol, 
and aqueous other. The colour of erythrosin 
fades under the influence of light and of hydrogen 
peroxide, particularly in the presence ot potas- 
sium hydroxido (Zeitsch. Farbenindustr. 1908, 
7, 29JJ). light also causes it to act hacmolyti- 
eally in photodynamic reactions (Sacharow and # 
Sachs, Chem. Zentr. 1905, i. 1420). 

Erythrosin considerably enhances the action 
of light in its influence on bacteria (Mettler, 
Chem. Zentr. 1905, ii. 1037 ; Huber, ibid. 1906, 
i. 148 ; Sacharow and Sachs, l.c.). Erythrosin 
is employed in the cotton and paper industries ; 
and Thouert (Compt. rend. 1909, 148, 36) has 
attempted to apply it to colour photography, 
but with little success so far (cf. also Stark, 
Physical. Zeitsch. 1907, 8, 248) ; it has also 
Ifcen used as a sensitiser in photo-electric experi- 
ments (Sch^enderberg, J, Pnys. Chem. 1908, 12, 
574) and as^kn indicator in analysis (MyliuB and 
Foerster, l.c. ; #J. Amer. Chem. Sftc. 1899, 21, 
’359). 
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•Erythrosin is often mixed with rose Bengal 
( tetraiodbchlorofluoresoein) to suppress its 
fluorescence, and with common salt to increase 
its solubility. The former mixture is often used 
in France to colour foodstuffs, but the presence 
of rose Bengal In erythrosin is forbidden in 
America. Jean (J. Soo. Chem. Ind. 1908, 70) 
gives a method for testing and estimating rose 
Bengal in erythrosin, 

Silver erythrosin, which is of an intense bluo 
colour, is prepared by dissolving 1 gram of 
erythrosin in 400 e.c. water, adding 7 1 c.c. of a 
10 p.c. solution of potassium bromide, and then 
12 c.c. of a 10 p.c. silver nitrate solution. It 
forms a colloidal solution which bccomos 
‘ ripened ’ on warming or standing for a few 
days, depositing a very fine sediment which has 
a pure blue colour in transmitted light (Liippo- 
Cramer, Zeitsch. Chem. Ind. Kolloide, 1907, i. 
227; 1908,2,325). 

The sodium or potassium salt is sometimes 
known as Erythrosin B, Pyrosin B, lodeosm 
Dianthine B, Eosin J., &c. 

ERYTHROXYANTHRAQUINONE 
is produced, along with an isomeric hydroxy- 
anthraquinone, by the action of phthalie an- 
hydride on phenol, in presence of sulphuric acid, 
('bH 4 0 8 -1- C a H,0=H 2 0-f-C 14 H 8 0 3 . Salicylic 
acid, anisole, and even anisic acid behave in the 
same way as phenol. The two hydroxyanthra- 
quinones are separated by boding with water 
and barium carbonate ; erythroxyanthraqui- 
none is unaltered by tliis treatment, whereas 
in the case of the isomer ide a soluble barium 
compound is formed. 

Erythroxyanthraquinone may also be pre- 
pared from aminoanthraquinone, dissolved in 
aeotic acid to which a little sulphuric acid has 
been added, by adding potassium nitrite till the 
solution becomes yellow. After a short time, 
on adding water and boiling, yellow flakes of 
erythroxyanthraquinone separate, and increase 
as the acetic acid evaporates (I). R. P. 97688 ; 
Rower, Ber. 1882, 15, 1793 ; Perger, J. pr. Chem. 
[2] 18, 147). 

It is also formed by oxidising the amino-salt 
with fuming sulphuric acid (JJ. R. P. 67063 ; 
Frdl. iii. 203) ; or by hoating erythroxyanthra- 
quinone acid (C! l6 H 8 0 6 at 270° (Bimkow, Ber. 
1887, 20, 2438), and by hoating anthraquinono- 
a-monosulphonic acid with a mixture of alkali 
hydroxide and a salt of an alkaline earth metal 
under pressure (IV. Pat. 336867 ; J. Soc. Chem. 
Ind. 1904, 438 ; ibid. 1905, 841). 

Erythroxyanthraquinone crystallises from al- 
cohol in groups of pomegranate-yellow needles, 
more soluble in hot than in cold alcohol. It 
melts at 173°- 180° (Baeyer and Caro), at 190° 
(Liebermann), at 191° (Romer). It begins to 
sublime at 150°, and condenses to form fine 
needles, reddish -yellow in colour, like alizarin. 
It is almost insoluble in diluto ammonia, and 
only slightly soluble in strong ammonia. With 
lime or baryta water it gives a dark-red, almost 
insoluble lake, decomposable by carbon dioxide. 
The absorption spectrum of a sulphuric acid 
solution of erythroxyanthraquinone diffeA from 
that of its isomeride, hydroxyanthraquinono*; 
the latter body is also more easily converted 
into alizarin by fusion with caustic .potash 
than the fanner (Baeyer and! Caro, Ber. 7, 
986). 


Nitric acid oxidises ethythroxyanthraquinone 
to phthalie acid. 

When sodium erythroxyanthraquinone sul- 
honate is heated with bromine and water at 
20°-123°, 2 : 4-dibromo - 1 -hydroxyanthraquinone 
is formed, crystallising in reddish-yellow needles, 
m.p. 233°. When heated with p-toluidine at 
80 -100°, this bromine derivative loses the 
bromine atom in the -4- position, and is con- 
verted into bromoquinizarin blue 

C « H *<(JO> C «' HBf ( 0 " H )( NHC > H >) 

which crystallises in blue needles, giving a green 
colouration with sulphuric acid (D. R, P. 
127532, 1902). 

Erythroxyanthraquinone forms an acetate 
C 1# H 10 O 4 , yellow needles, m.p. 176°-179° 
(Liebermann and Hagen, Ber. 1882, 5, 1804). 

The constitution of erythroxyanthraquinone 
has been established by Liebermann (Bor. 10, 
611 ; 11, 1611), who synthesised it from a reduc- 
tion product of qumizarin, liyflrtfxyhydro- 

anthranol C fl H 4 <^ ( 2 OH) ^ C 6 H 3 (OIi), in 

which the liydroxyl-group in the benzene nucleus 
occupies the ortho- position Frande (Ber. 12, 
237) was also able to show that in mothyl- 
hydroxyantliraquinono, a derivative of ordinary 
hydroxyanthraquinone, the hydrgxyl -group was 
m the para- position, and lienee, in the isomeric 
erythroxyanthraquinone, the hydroxyl- group 
must be m the ortho- position with regard to 
the ketone group. Erythroxyanthraquinone is 
therefore o - hydroxyanthraquinone (v. Alizarin 
AND ALLIED COLOURING MATTERS).’ 

ESCALIN. Trade name for a pasto of 
aluminium powder and glycerol. 

ESERAMINE, ESERIDINE, ESEROLINE v 

Ordeal Bean. 

ESERINE or PHYSOSTIGMINE 

N HMe -CO \N HO j 3 H j 5 N • OH 

(Herzig and Meyer, Monatsh. 1897, 18, 389 ; 
Heubner, Chem. Zentr. 1905, ii. 1111 ; Straus, 
Ann. 1913,401, 360; 1914, 406, 332; the most 
recent work is by Polonovwki and callaborators, 
eg. part vm. Bull Soc. chim. 1918, 23, 366) is 
the most important of the alkaloids occurring 
in Calabar bean, in the seed ol which it 
was first found by Jobst and Hesse, in 1864 
(Annalen, 1864, 129, 115; Hesse, ibid. 1867, 
141, 82). 

It is present in variable amount (0‘04-0'27 
p.c. Carr and Reynolds, Pharm. J. 1908, 542), 
and may be extracted by shaking the powdered 
seed with warm alcohol containing about 1 gram 
of tartaric acid per litre. The alcohol of the 
extract is distilled off and the residue is taken 
up with water, filtered to remove resinous matter 
and repeatedly shaken with ether until the latter 
ceases to be coloured. The aqueous extract is 
then made alkaline with sodium bicarbonate and 
finally repeatedly shaken out with ether. On 
evaporation, the alkaloid separates in seedy 
Crystals which may be purified by recrystallisa- 
tion from ether. 

Eserine forms thin rhomboidal, colourless 
lamell®, m.p. 105°- 106°, which gradually assume 
a rose tint and even a yellow colour when 
exposed to air. It is sparingly soluble in water. 
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but readily so in alcohol, ether, chloroform, 
benzene, and carbon disulphide. Eserme is 
l&vo-rotatory, its specific rotation varying 
between —82° and —120°, depending on the 
solvent employed (Petit and Polonovski, Bull. 
Soo. chitn. 1893, 9, 1008; cf. Orloff, Chem. 
Zentr. 1897, i. 1214). Polonovski and Nitzberg, 
Bull. Soo. chitn. 1915, 17, 236 et seq . ; idem. 1910, 
19, 27, 40. 

When eserine, is isolated in the form of its 
salicylate, the base liberated with sodium car- 
bonate, extracted -with ether, and finally allowed 
to crystallise from a mixture of benzene and 
petroleum, it separates in stout prisms, m.p. 
86°-87°, [a] D — 75-8°. By recrystallismg in tho 
presence of a crystal of Petit and Polonovski’s 
modification, m.p. 105“-106°, it is completely 
converted into the latter, and lias [ojj,— 75-8° ; 
the alkaloid is therefore dimorphous (Salway, 
Chem. Soc. Trans. 1911, 2151). 

When eserme or its salts are distilled with 
caustic potash in a current of hydrogen, iuethyl- 
amine and* carbon dioxide are amongBt tho 
products of decomposition, whilst the residual 
liquid contains exerolmr, a colourless crystalline 
body, which turns rod by the action of moisture. 
Eseroliue is also formed, together with methyl 
carbamide, when eserme is heated in a scaled 
tube with alcoholic ammonia at 150°. When 
heated with aqueous potash in presence of air, 
esenno yields mbresenne C, 3 H 1# N 2 0 2 , red 
needles ; tnese, m alkaline solution, are gradually 
converted into eserine blue, which, according to 
Ehrenberg (Chem. Zentr. 1894, ii. 439), is a true 
dye, colouring wool and silk without mordants. 
Tho constitution of eserine blue is not known, 
c.J. Salway, Chem Sec. Trans. 4912, 980. It is 
Hot poisonous, but it has a paralysing effect on 
the heart and central nervous system of the frog 
(Heubner, lx.). 

Salts of eserine. Eserme salicylate 
C 8 H 4 (0H)C0 2 H,C 16 H ai 0 2 N s 

forms slightly bitter, colourless, stout prisms, 
m.p. 180-181° (Salway), solublo in 150 parts 
of cold and 30 parts of boiling water, in which 
it forms an acid solution; it is more readily 
solublo in alcohol and in chloroform. 

Eserine melacresotate (meiahydroxytoluale) 

C 15 H 21 0 2 N 3 *C e H 8 (0H)MeC0 2 H 

m.p. 156°-167°, is preparod by mixing ethereal 
solutions of motacresotic acid and of eserine. 
Eserine benzoate, m.p. 1*15°— 116°, soluble in 
four parts ol cold water, and eserme hydrogen 
citrate, are prepared similarly. Tho two 
former are not deliquescent, and yield neutral 
aqueous solutions ; whereas the latter, and also 
normal eserine tartrate, prepared by dissolving 
eserino in tartaric, acid ana crystallising over 
sulphuric acid, are very deliquescent (Petit and 
Pofonowsky, l.c.). The methiodide forms deli- 
quescent yellow prisms, m.p. 100° (decomp.), 
and the sparingly soluble picrate crystallises in 
feathery yellow needles, m.p. 114°. Eserine 
yields no definite aurichloride or platinichlondr 

Eserine sulphate (Cu^OjNjJjHjSOi is pre- 

S \ by adding a 10 p.c. sulphuric acid, drop by 
to an ethereal solution of eserine until the 
j farmed salt no longer separates. After 
filtration, it is carefully dried at about 40°. It? 


•w 

is a white or yellowish- white micro -afystailine 
powder, odourless, and having a bitter taste. It 
is readily soluble in water, alcohol, and in chloro- 
form. Gold chloride solution, when added to 
the aqueous solution of the salt, gives a beautiful 
purple colour ; whilst platinio- chloride precipi- 
tates a yollowiBh-white salt. When "evaporated 
with ammonia, the sulphate, like the safioylate, 
yields a bluish residue. If a little eserine sul- 
phate is placed on a glass slip and moistened 
with water, and then a drop of sulphuric acid 
added, characteristic crystals of a sparingly 
soluble sulphate separate. This characteristic 
appearance is maintained for some time, but 
eventually the crystals become oily and then 
resinous (Reichard, Pharrn. Zeit. 1909, 60, 375). 
Eserine and its salts turn red on treatment with 
alkali or on standing in solution, but the sulphite 
C, 5 H 21 0 2 N 3 ,H 2 S0 3 , the aqueous solution of 
winch does not turn red, but remains colourless, 
has been prepared by Merck by treating a solu- 
tion of eserine with sulphurous acid, and evapo- 
rating tho mixture (D. R. P. 161)310; J. Soc. 
Chem. Ind. 1906, 443). It is a white pcfwder, 
readily soluble in water. 

A derivative, the intensity of the fluorescence 
of which exceeds that of all known substances, 
is obtained by allowing an aqueous solution of 
physostigmine to stand for a few months until 
it lias become deep blue, then adding phthulic 
acid. Tho substance forma dark- blue crystals 
with a blood- red fluorescence, and colours cotton, 
silk, alcohol, ether. &e., dark bluo with no 
fluorescence. Tho aqueous solution, on tho 
other hand, is colourless by transmitted light, but 
shows a beautiful red fluorescence by reflected 
bght (Goubert, Compt. rend. 1909, 149, 852). 

Eserine and its salts should be kept in amber- 
coloured, well -stoppered phials. 

Test for eserme or Us sms. — A small fragment 
(tho size of a gram of sand) iB placed in a porcelain 
capsule and dissolved in a drop or two of fuming 
nitric acid. The dark-yellow solution formed 
on warming is evaporated with stirring ; the 
residue, which is of a pure green colour, dissolves 
in water, strong alcohol, and in sulphuric acid to 
a clear groen solution. 0 - 005 gram of the alka- 
loid can thus be detcoted. The green colouring 
matter has been termed chloreserine (Ferreira da 
Silva, Compt. rend. 1893, 117, 330; Formanek, 
Chem. Zentr. 1 895, i. 1 148 ; Reichard, l.c. ). When 
exposed to nitric acid fumes, the blue residue 
becomes violet- blue ; and when dissolved in a 
drop of nitric acid it forms a beautiful reddish- 
violet solution, which soon changes to blood-red, 
and on standing or on dilution becomes greenish- 
yello^ r , Eserine reduces molybdic acid very 
slowly in the cold, but rapidly gives a blue* 
colouration on warming (Reichard, l.c.). With 
ammonium selenite in concentrated sulphuric 
acid, eserine gives a lemon-yellow colouration, 
which becomes orange, and then paler after 
standing for 3 hours (da Silva, Compt. rend. 1891, 
112, 1266). Eserine can also bo detected by 
means of the polarisation microscope (Kley, 
Rec. trav. chim. 1903, 22, 367). (For the estima- 
tion %f eserine or physoBtigmine, see. Heikel, 
Chem. Zentr. 1909, i. 949.) 

Eserine and its salts are of considerable 
therapeutic value, being employed chiefly aB a 
myotw to contract the pupil of the eye and to 
decrease intraoculaj pressure in glaucoma. 
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* According to Pal (Chem. Zentr. 1900, ii. 
1031), CBerine forms an antidote to the poisonous 
effect of curare. 

Bilateral antagonism exists between eeerine 
and curare in their effect on muscle. Those 
muscles which, like the diaphragm, are last 
paralysed "by curare are first set feeo again by 
the injoctio i of eserine. The latter also stimu- 
lates the respiratory centre (Rothberger, Pflii- 
ger’s Archiv. 1901,87, 117). 

(For other investigations on the physiological 
offect and use of eserine or physostigmine, .see 
Matthews and Brown, Amer. J. Physiol. 1904, 12, 
173 ; Edmund and Roth, ibid. 1808, 23, 28, 
*46 ; Joseph, ibid. 1909, 23, 215 ; Anderson, 
J: Physiol. 1905, 33, 414; Magnus, Pfluger’s 
Archiv. 1908, 123, 99 ; Kress, ibid. 1905, 109, 
008 ; Modrakowski, ibid. 1907, 118, 62 ; Unger, 
ibid. 1907, 119, 373; Harnack, Chern. Zentr. 

1 908, ii. 338 ; Wintorberg, ibid. i. 750 ; Loewi 
and Mansfeld, ibid. 1910, i. 941 ; Pewsner, 
Biochem. Zeitsch. 1907,2, 339; Fiihner, Arch 
expt. Path. Pharm., 1917, 82, 205 ) ( V. Ordeal 
Bea^.) G. B. 

ESPARTO, Stipa marcrochloa ( lenacustma ) 
(Linn.). This grass is a native of Spam, 
Portugal, Greece, and North Africa. Jt is 
largely used as a raw material foi paper making, 
having been introduced into tins country by 
Routledgc. For this purpose it possesses 
many advantages, as it grows abundantly with- 
out cultivation, is easily harvested, yields a 
large percentage of cellulose of high* quality 
with comparatively simple treatment. 

Of the various kinds known to commerce, 
such as Spanish, Tripoli, Arzen, Oran, Sfaz, 
Gabes, &c., the first-named is preferred by paper 
makers, as it yields more and bettor fibre. It 
therefore commands a higher price. 

To give some idea of the importance of 
esparto as a paper- making material, it may be 
mentioned that the annual imports into the 
United Kmgdom are between 200,000 and 
300,000 tons. 

It is also used for the purpose of making 
coarse mats and ropes (v. Spoil’s line, of the 
Industrial Arts). 

Esparto arrives m this country firmly pressed 
into bales. The first operation which it under- 
goes in the paper mill is that of ‘ dry-picking,’ 
in contradistinction to a subsequent process 
known as ‘ wet-picking.’ The grass is Hprcad 
out on tables covered with coarse wire doth, and 
any root ends, weeds, &c., which may have 
found their way into the bales through im- 
erfect gathering are picked out. Any sand or 
irt escapes through the wire cloth. The re- 
moval of dirt can be moro completely effected 
by machinery. For this purpose the grass is 
fed into a mechanical duster or willow, where it 
receives a violent shaking, the dirt being loosened 
and removed. The cleaned esparto is then fed 
into 1 vomiting ’ boilers, where it is treated with 
caustic soda solution at pressures varying from 
10 to 40 lbs. per sq. inch for from 3 to 5 hours. 
The amount of soda required is about 17 lbs. of 
00 p.c. caustic soda per cwt., but it varies with 
the quality of the grass, the form of boileV, 
the pressure at which it is boiled, and the time 
allowed. When the boiling is completed, the 
liquor is runaway, evaporated ^o dryness, and 
ignited, and the alkali recovered in tne form of •' 


carbgnate. This is dissolved in water, converted 
into caustic by means of lime, and is again 
available for use. 

The boiled grass is washed once or twice 
in the boiler, and then subjected to the 'wet- 
picking ’ process, whereby any unboiled portions 
are removod. The process is being gradually 
abandoned in favour of what is 'known as the 
‘ presse-pate ’ system, which consists in purifying 
the pulp by passing it when bleached through a 
series of strainers and knotters. It is then made 
into a coarse web of pulp on the ‘ presse-p&te,’ 
which may be described as a paper machine 
without the drying cylinders. 

The subsequent treatment of esparto does not 
differ essentially from that of other fibres, and 
need not be particularly described. 

The haulms (really leaves) of esparto vary in 
length from 0 3 to 0-5 m., the mean thickness 
being about 15 mm. ; the individual fibres 
arc 100-400 mm. long, and 0-009-0-5 mm. 
thick. 

The fibres possess, owing to their fineness 
and their tendency to curl, considerable ‘ felting ’ 
properties. Paper made from esparto is soft to 
the touch, 1 bulks ’ well, and at the same time is 
strong. 

Esparto fibre can be recognised in a paper 
by the fact that when boiled with a solution of 
aniline sulphate a rose-pmk colour is developed. 
A similar colour is produced with’straw cellulose, 
but of a paler shade. With iodine and sulphuric 
acid the wall of the actual bast-fibre assumes 
a rusty colour, showing tliat it is not com- 
posed of cellulose ; with aniline sulphate (cold) 
it is stained yellow; and with ' phloroglucinol 
and hydrochloric acid a crimson colour is 
assumed, thus demonstrating the presence of 
bodies characteristic of ligmfied walls. They 
can be distinguished by the Bize and shape of 
the peculiar serrated epidermal cells, which arc 
to be seen when the commercial fibre is examined 
under the microscope. 

Moreover, esparto pulp always has a number 
of the short conical, often hooked, hairs which 
line the inner (upper) surface of the ‘ rolled ’ 
leaf, and which serve to distinguish it from 
Htraw ; the outer (lower) surface of the leaf is 
glabrous. 

The chemical characteristic of esparto are 
those of the ligno-ccliuloses and the pecto-cellu- 
loses, the latter predominating. 

Its composition is shown by the following 
analyses (Hugo Muller) : — 


Cellulose 

Spanish. 

African. 

. 48-25 

45-80 

Fat and wax . 

2 07 

2-62 

Aqueous extract 

1019 

9*81 

Lignin and pectous 
substances 

26-39 

29-30 

Ash 

,3-72 

3-67 

Water , 

9-38 

8-80 


100-00 

100-00 


The names ‘ esparto,’ ‘ sparto,» and ' alfa ’ 
^ halfa ’), are also given to the leaves of another 
grass, Lygeum spartvm (Loefl.), which likewise 
grows in Spain and North Africa. These leaves 
are used as an inefficient substitute for those of 
Slijxi. Microscopically they differ, in that the 
hairs have a considerable lumen, and are 
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Usually blunt-ended ; the epidermis has pqpuliar 
little rounded silioa cells ; and the ribs of bast 
fibres are isolated (not linked together to form a 
continuous band, as in Stvpa). 

ESTERIFICATION. The reaction between 
an acid and a monohydric alcohol appears, at 
first sight, to be exactly analogous to the 
neutralisation of an acid by a monoacid base : 
the equations are : 

CH 3 -CO'OH+C 2 H 6 -OH=CH 3 'CO-OC 2 H 5 +H t O 
and * • 

■ CH 3 -C0-0H+Na0H=CH a C00Na+H 2 0 
The product formed in the second reaction is a 
metallic salt, and that in the first reaction is 
termed an alkyl salt or more commonly an eater. 
The esters can be regarded as metallic salts in 
which the metallic radicals have become replaced 
by alkyl- groups. Corresponding with mono-, di-, 
and trivalent-metallic radicals are the mono-, 
di-, and trivalent hydrocarbon radicals, methyl 
CHj— , ethyl O a H 5 — , propyl C a H 7 — , &c., 
methylerib CH 2 — , ethyiidene C 2 H 4 =, &c., 

glyceryl C 3 H= 5 , &c. The procoss of the 
conversion of an acid into itB alkyl-salts is 
usually termed esterification, and is the common 
method by means of which esters arc prepared. 
Although tins reaction appears to bo similar to 
the process of neutralising an acid by means of 
an alkali, there are two important points of 
difference. 

1. The reaction between an acid and an 
alkali in aqueous solution is instantaneous, 
whereas the reaction between an acid and an 
alcohol is usually slow, and lends itself readily 
to study ob a time reaction. 

2. In the process of neutralisation between 
strong acids and strong alkalis, the reaction 
proceeds to completion when equivalent quan- 
tities of acid and alkali are used ; but when 
equivalent amounts of acid and alcohol are 
brought together, complete conversion mto ester 
and water never takes place. The reaction 
begins slowly and proceeds untd a state of 
equilibrium is established. The rate at which 
the reaction proceeds, and the final equilibrium 
depend upon tho specifio acid and alcohol 
employed and upon the temperature. The 
process of esterigcation is a typical balanced or 
reversible reaction : 


R'C0 2 H+R' 0H R-C0 2 R'+H 2 0 


as the water formed in the process of esterifica- 
tion can hydrolyse the estdr to a certain extent. 
This reaction is one of the best to study m order 
to illustrate the effects of mass action. 

The reaction between acetic acid and ethyl 
alcohol was studied by Berthelot and Pcan ae 
St. Gilles, in 1802 ; they showed that working 
with equivalent quantities of alcohol and acid, 
eq uili brium is reached when 06 p.c. of the 
reacting compounds have been transformed 
into ester and water. They were able to show 
that, by working with an excess of alcohol, a 
higher percentage of the acid can be trans- 
formed, as illustrated by the following numbers* 


Equivalents of al- j 
conolfor 1 equiva- 
lent of acid ] 
p.e. of acid trans- j 
formed into ester j 


JO-2 0-5 1*0 1-6 2 0 4 0 12 50 
■ 19 42 06-5 78 83 88 93 100 
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According to Guldberg and Waacefy law* of 
mass action formulated in 1867, the rate of 
chemical reaction is proportional to the con- 
centrations (molecular) of the reacting substances, 
and to a constant which is characteristic of the 
reaction and retains the same value provided 
the temperature is constant. In the balanced 
reaction : 

CH 3 -C0 2 H+EtOH g CHj'COjEt+HjO 

the direct reaction proceeds at a rate which can 
be denoted by K.a.b, where K is the specific 
constant for this reaction, and a and b are the 
concentrations of the acid and alcohol at tht> 
tune of measuring the rate. Similarly, the 
reverse reaction proceods at a rate K'.c.d , where 
c and d are the concentrations of the ester and 
water at the particular time. When the state 
of equilibrium is roached, we have : 

K.a.b —K'.c.d 

Using one equivalent of acid and one equivalent 
of alcohol, Berthelot and St. Gilles showed that 
equilibrium is reached when (H>6 mol. of acid 
and of alcohol have been transformed, leaving 
0 33 mol. m the free state ; we thus have : 

A'xO'33xO-33=A'xO-OOxO-60 



The ratio KjK' is denoted by K, and is usually 
termed the equilibrium constant. It is the 
ratio of the constants for the direct and reverse 
reactions, and is independent of concentration, 
but may vary with temperature. 

This equilibrium eonstant enables us to 
calculate the amount of acid transformed when 
any known quantities of the given acid and 
alcohol aro mixed at the given temperature and 
kept until equilibrium is attamed. 

With a mixture of «, b, c, d equivalents of 
acid, alcohol, ester, and water at the given 
temperature, a-x and b—x equivalents of acid 
and alcohol will be present when equilibrium is 
attamed, and c-fia- and d- \-x equivalents of 
ester and water will also be present, as each 
equivalent of acid reacts with an equivalent of 
alcohol and produces one equivalent of both oster 
and water. 


K _(c-Hr)(d+a:) 
K'~{a- x)(b-x) ; 


but 


K 

:k'~‘ 


. (c-Hc)(cH z) =4 
(o-«)(6-x) 


and x can be calculated whon a, b, c, d are 
known. 

It is necessary to distinguish between esteri- 
fication by means of the acid and alcohol alone, 
and esterification of an acid by an alcohol in 
tho presence of a catalytic agent. The former 
process is generally termed ‘ direct esterification,’ 
or sometimes ‘ autocatalytic esterification,’ as it 
has been suggested that the organic acid itself 
can act as a catalyst to a certain extent. The 
second process is termed the catalytic method 
of esterification, and is the method most 
commonly use4 in the laboratory? for the pre- 
paration of esters. • 



ESTERIFICATION. 


m 

1 Catalytic esterification. The modem labora- 
tory method is due to E. Fischer and Speier- 
(Ber. 1895, 28, 3252). It consists in heating 
the acid with excess of aloohol, usually about 
five times the theoretical amount, in the presence 
of a catalyst. The most efficient catalysts are 
strong acids, and hydrogen chloride (about 
3 p.c. of tho alcohol) or concentrated sulphuric 
acid (about 10 p.c. of the alcohol) is generally 
used. When hydrogen chloride is used it is 
advisable to prepare a 3 p c. solution of this in 
the alcohol before adding the organic acid. The 
3 p.c. solution is best prepared by weighing the 
plcohol and passing in the dry gas by means of a 
delivery tube which just touches the surface of 
the liquid, and woighmg from time to time until 
the requisite increase in weight is attained. 
The organic acid is then added, and the whole 
boiled m a reflux apparatus for 3 hours. The 
greater part of the alcohol is distilled off, the 
residue poured into about 5 times its volume of 
cold water, and tho solution neutralised with 
sodium carbonate. It is then extracted with 
ether, the ethereal solution dried and distilled, 
when a 90 p.c. yiold of the estor can usually be 
obtained. Esters which are readily hydrolysed 
by water, or esters which are extremely solublo 
in water, can sometimes be isolated by subjecting 
the reaction mixture to distillation under 
reduced pressure. J. and M. Phelps (Amor. J. 
Sci. 1907, fiv. | 24, 194) advise heating the acid, 
e.g. succinic or benzoic, with about its own 
weight of 1 p.c. alcoholic hydrogen chloride, and 
a small amount of solid zinc chloride at 100°- 
1 10°, and afterwards passing m a current of alco- 
hol (compare ibid. 1908, 20, 281). For constants 
and properties of common esters, set Mathews 
and Faville (J. Physical ('hem 1918, 22, 1.) 

The function of the catalyst is to accelerate 
the rate of esterification ; many acids which 
react very slowly with alcohol alone, e.g. acetic 
acid at the ordinary temperature, can be trans- 
formed rapidly into esters m the presence of 
a small amount of catalyst. Hydrogen chloride 
is a more efficient agent than sulphuric acid, 
the ratio being three to one (Kailan, Monatsh. 
1909, 30, 21) ; but sulphuric acid is frequently 
used, as it is more convenient to work with. 
Phelps (Amer. J. Sci. 1908, [iv. ) 200. 290, 296) 
has examined theaction of various acid sulphates, 
e.g. NaHS0 4 , KHS0 4 , piperidine and aniline 
hydrogen sulphates, but finds that they are not 
so efficient as sulphuric acid, and similarly he 
has studied the action of metallic chlorides on 
the catalytic action of hydrogen chloride. 
Charcoal (Freundlich, Zeitsch. pliysikal.«Chem. 
1906, 57, 412) and finely divided platinum 
(Sudborough and Turner) also act as feeble 
catalysts. It is usually stated that the presence 
of the catalyst does not affect the equilibrium, 
and that provided the ratio of alcohol is kept, 
the same, the percentage of ester formed when 
equilibrium has been obtained, is the same in 
both 'catalytic and direct processes ; but Phelps 
does not agree with this statement. TUtra violet 
light brings about esterification of solutions of 
benzoic and other cyclic acids, especially in f^he 
presence of a trace of hydrochloric acid (Stoermer 
and Ladewig, Ber. 1914, 47, 1803)« 

The amount of ester formed by the f atalytie 
process dej^nds upon the specific acid an^ 
alcohol UBed, and tends to'become less when the 


ester | is readily hydrolysable. In the case of 
esters extremely soluble in water, or very 
readily hydrolysed, it is not advisable to pour 
into water, but to distil immediately under 
reduced pressure. Phelps and Eddy (Am. J. 
Sci. . 1908, 26, 253) recommend adding solid 
potassium carbonate to tho reaction mixture 
and distilling under reduced pressure. Certain 
finely divided metallic oxides have a catalytio 
action on the formation of esters. 

A method of catalytic esterification consists 
in passing a mixture of the vapours of the 
acid and alcohol through a tube containing 
finely divided titanium dioxide at 290°-300° (Sa- 
batier and Maihle, Compt. rend. 1911, 152, 494 ; 
A. Mailhe, Chum. Zeit. 1913, 37, 777 and 806). 

According to Hauser ami Ivlotz (( 'hem. Zeit. 

; 1913, 37, 146), glucmum oxide is more efficient 
than titanium oxide, and even tertiary alcohols 
yiold esters when tins oxide is used. 

Senderens and Aboulenc (Compt. rend. 1911, 
152, 1671, 1855 ; 1912, 155, 168, 1012) state that 
by the addition of 5 p.c. of aluminium sulphate 
or of potassium hydrogen sulphate to a mixture 
of equivalent amounts of acetic acid and ethyl 
alcohol an 82 p.c. yield of ester is obtained, and 
that 1 p c of sulphuric acid by volume gives an 
86-5 p e yield. The actual catalyst is stated to 
be ethyl hydrogen sulphate. 

Various eston# derived from cyclic alcohols, 
e.g . cyclohexane!, have been prepared by the 
method. Tho temperature, however, must not 
be too high and the method does not work with 
aromatic acids containing a carboxylic group 
directly attached to the benzene nucleus. 

For uso of (a) anhydrous calcium chloride, see 
Cheiu. Soc. Abstr 1911, i. 601, (b) nickel sulphate 
Kurtonaeker and Habermann, J. Pr. Chem. 
1911, (u.) 83, 541, and (e) dilute sulphuric acid 
Bodroux, Compt. rend. 1913, 156, 1079; 157, 
938, 1428. A convenient method for certain 
esters appears to be a saturated aqueous solution 
of sodium chloride as solvent and a little sulphuric 
acid as catalyst. 

Relationship between constitution and esteri- 
fication using the catalytic method. V. Meyer 
and Sudborough (Ber. 1894, 27, 510, 1580, 
3146) were the first to point out any clear 
relationship between the constitution of an acid 
and its conversion into an ester by the catalytic 
method. Their original method was to saturate 
tho alcoholic solution of the acid with hydrogen 
chloride, to leave at the ordinary temperature 
for several hours, and then to isolate and weigh 
the ester formed. Subsequently the Fischer- 
Speier method was used; They were able to 
show that practically any substituted benzoic 
acid, in which tho two ortho- -positions with 
respect to the carboxylic group are substituted, 
does not yield appreciable . amounts of ester 
when its alcoholic solution iB saturated with 
hydrogen chloride and kept for several hours at 
the ordinary temperature, or when the acid is 
boiled with a 4 p.c. solution of hydrogen chloride 
in alcohol. All substituents react in much the 
same manner, e.g. CH 3 , Cl, Br, F, I, COoH, N0 a , 
*&c. t but the substituents F, OH, CH a nave not 
so marked an effect as nitro-, carboxylic, and 
halide radicals ; e.g. acids of the type 

CjHjMea-CO^OOjH : Me.=l : 2 : 4 i 0) 
are esterified to an appreciable extent when 
hydrogen chloride is passed through their 
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boiling alcoholic solutions for several hours 
(Meyer and Sudborough, Ber. 1894, 27, 1580 ; 
Meyer, ibid. 1895, 28, 182, 1254 ; compare also 
Kahn, ibid. 1902, 35, 3857). 

The presence of a second benzene nucleus, as 
in naphthalene* and anthracene-carboxylic acids, 
has much the same effect as nitro- or halogen 
substituents;* thus 2-chloro-l -naphthoic acid, 
anthracene-7-carboxylic acid and 1-chloroanthra- 
cene-9-carboxylic acid do not yield esters by the 
catalytic method, choreas the isomeric 3-chloro- 
2»naphthoio acid, antliracene-l-carboxyhc acid, 
and 3-chloroanthracene-2-carboxylic acid yield 


90 p.c. of ester under the same conditions. 

It has been shown by V. Meyer (Ber. 1895, 
28, 3197 ; and Rqpp, ibid. 1890, 29, 1025) that 
the dibasic acids : — tetracliloro-, tetrabromo-, 
and tetraiodo-terephthalic acids, tetracliloro-, 
tetrabromo-, and tetraiodo-miphthahc acids, 
t.c. acids in which both carboxylic groups are 
diortho- substituted, do not yield esters when 
heated with a 3 p.c. solution of hydrogen 
chloride ki alcohol. An acul in which one of 
the carboxylic gioups is diortho- substituted 
and the other is not, yields an acid ester under 
similar conditions, e.g. 2 : 6-dimethyltcrcphthalie 

Me 

acid, C 6 H 2 Me 2 (C0 2 H) 2 gives (JQ 2 Me<^~~ ^)CQ 2 H 
• * ' Mo 

(Jannash and Weiler, Ber. 1895, 28, 631). 
Similarly, hemipiniy acid, 3:4-dimetlioxyplithalic 
OMe OMo 

acid, gives the acid ester / \jOOH 
N 0) 2 Mo 

(Wegscheider, Monatsb. 1895, lb, 135). (For 
farther examples, see Wegscheider, ibid. 1900, 
21, 621, 638 ; 1902, 23, 405 ; McKenzie, Chem. 
Soc. Trans. 1901, 79, 1135.) An appaient 
exception is met with in the case of 3:0-dichloro- 
phthalic acid, which, according to Graebe (Ber. 

1 900, 33, 2026), yields the acid ester 
Cl 

O o * Et 

,C1 co 2 h 

when its alcoholic solution is saturated with 
hydrogen, chloride and kept at the ordinary 
temperature. Tetracliloro-, tetrabromo-, and 
tetraiodo-phthalio acids also yield acid esters 
(Rupp, ibid. 1896, 29, 1626) ; o-nitrophthalic 
acid and papaverinid acid (Miller, Annalcn, 
1881, 208, 243 ; Wegscheider and Lipschitz, 
Monatsh. 1900, 21, 790 ; Wegscheider, ibid. 
1902, 23, 369) behave in a similar manner, 
yielding neutral eaters, and it is probable that 
the esters are formal by the conversion of the 
acids into their anhydrides under the influence of 
the hydrogen chloride or sulphuric acid, and the 
subsequent addition of alcohol to the anhydrides. 
3:6-Dichlorobenzoylbenzoic acid and tetrachloro- 
benzoylbenzolc acid are also readily esterified* 
and it is possible that these react with alcohol 
as the tautomeric hydroxyphthalides ; e.g. : 

°A<Go i(QH) > 0 + EtQH 

->C0,Et*C,Cl 4 ''CPh(0H) a -»C0 8 Et-C 8 Cl 4 *€0Ph 
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(Graebe). The results obtained with tr&or even 
hexa-carboxylic acids show the same inhibiting 
effect of ortho-substituents. Thus trimesic aciai 1 
benzene 1:3: 5-tricarboxylic acid, yields a neutral 
ester ; hemimellitic acid, the 1 :2:3-tricarboxylic 
acid, yields a dimethyl ester ; pyromellitic acid, 
benzene- 1 : 2 : 4 : 5-tetracarboxylio acid, yields a 
normal ester ; prehnitic acid, 1:2:3: 4-tetracar- 
boxylic acid, gives a dimethyl ester in the cold, 
and the neutral ester on heating ; the formation 
of the latter is probably due to the fact that an 
anhydride is first formed, and this, with methyl 
alcohol, gives the dimethyl ester 
COoMe CO a Me 

C0 2 H<Qc0 2 H. 

which is further esterified to the normal ester. 
Dinitro-pyromelhtic acid, mellitie acid, and 
hexahydromellitic acid do not yield esters 
(Meyer, Ber. 1894, 27, 1590; 28, 182; 1896, 
29, 840). /aohydromelbtio acid, on the other 
hand, yields a monomethyl ester (Van ^oon, 
ibid. 1895, 28, 1272). 

Substituted benzoic acids in which the sub- 
stituents are not in ortho- positions, give good 
yields of esters by the Fischer-Speicr method, 
and this difference in behaviour has been used 
for the following purposes : 1. Separation of an 
orlho-disubstituted benzoic acid from isomerides 
(compare Martz, Ber. 27, 3147, for separation of 
dimtro- benzoic acids ; Jannasch and Weiler, ibid. 
3445, for separation of isomoric trimethyl- benzoic 
acids). Rosanoff and Prager (J. Amor. Chem. 
Soc. 1908, 30, 1912) show that a mixture of ben- 
zoic acid with an ortho- substituted benzoic acid 
can be separated by partial esterification in the 
cold with a 3 p.c. solution of hydrogen chloride 
in ethyl alcohol. 2. Determination of the con- 
stitution of particular substituted benzoic acids. 
(Compare V. Meyer, Ber. 1895, 28, 187, for 2- 
mcthyl - 5 - bromobenzoio acid ; Zincke and 
Francke, Annalen, 1896, 293, 123, for 4-acetyl-5* 
bromo-itfo-phthalic acid ; and Matthews, Chem. 
Soc. Proc. 1900, 16, 187, for 2:3: 5-trichloro- 
benzoio acid. See also Blaise, Compt. rend. 
1898, 126, 733, for substituted succinic acids.) 

When tho carboxylic group is not directly 
attachod to the benzene nucleus, but is united to 
a side chain, the presence of ortho- substituents 
does not prevent the formation of esters, e.g. 
2:4:6-tribromo-3-aminophenylpropionic acid and 
2:4:6-tribromophcnylpropionic acid, mesitylacfctic 
and mcsitylglyoxylic acid all gave good yields of 
esters when the alcoholic solutions are saturated 
with hydrogen chloride. Kellas (Zeitsch. physikal. 
Chem. 1897, 24, 221) and Goldschmidt (Zeitech. 
lect. Chem. 1909, 15, 4) have shown that the 
introduction of one ortho- substituent into the 
benzoic acid molecule retards esterification to 
an appreciable extent, the nitro- group having a 
greater inhibiting effect than Me, Cl, Br, or I. 
Kailan also shows that o-aminobenzoic acid 
hydrochloride is esterified more slowly than its 
isomerides (Monatsh. 1906, 27, 1038) ; but he 
finds tljat o-nitrocinnamic acid is esterified more 
readily than the p- and w-nitro acids {ibid. 1907, 
28, 1163). Goldschmidt was able to show that 
using a dilute alcoholic solution of the acid with 
hydrogen chloride as catalyst, the velocity of 
the reaction c4h be determined wy means of 
the equation for a ffnimolecular reaction, Km 
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l/i(log ajja—x ) ; sinoe under those conditions the 
mass of the alcohol can be recarded as constant, 
and the reaction is practically non-reversible in 
the presence of the large excess of alcohol. The 
concentration of the acid at any given moment 
can be determined by direct titration with 
standard barium hydroxide solution, using 
phenolphthalein as indicator. When, however, 
the ester formed is readily hydrolysed, as in the 
case of ethyl formate, ethyl trichloracetate, and 
ethyl pyruvate, it is nocessary to titrate with 
ammonium hydroxide solution, using litmus as 
indicator, as the end point is not definite when 
( baryta is used, owmg to the instantaneous 
‘hydrolysis of the ester by the baryta. The 
constant K is directly proportional to the con- 
centration of the hydrogen chlonde in the 
absence of water, and falls somewhat as t (time) 
increases, owing to the fact that the water 
produced during the esterification has a retard- 
ing effect. The influence of small amounts of 
water has been studied by Kailan (Monatsh. 
1906, 27, 543, 997 ; 1907, 28, 115, 571, (573, 705, 
965, 1069, 1137, 1187; 1908, 29, 799; 1909, 
30, 1), who has shown that the relationship 
between the rate of esterification and the 
amount of water can be represented by means of j 
an equation of the typo, e.g . in the case of | 
cinnamic acid 


‘^•6«5 + 4 4 6 -LL 78 +( 2 


_ 27 . m+ 3 J± 8 _ 2 ^ 


for concentrations of water ic=0-3 to 1-3, and for 
concentrations of hydrogen chloride c=0 15 to 
0-66. (Compare also Fitzgerald and Lapworth, 
Chern. Soc. Trans. 1908, 93, 2168.) 

The inhibiting action of water on a mixture 
of acid and alcohol is readily shown by com- 
paring the rates of esterification of the same 
mixture of acid and alcohol : (a) in presence of 
water ; (b) in presence of a corresponding 

quantity of benzene (Kailan, Zeitsch. pliysikal. 
Ohem. 1915, 89, 676). Whon 26 or 60 volume 
p.c. of alcohol is used the relative effects of 
benzeno and water are as 1 : 100 or 160. The 
effect of water on the esterification of dibasic 
acids has also been examined (Kailan, ibid. 
1913, 85, 706 ; 1914, 87, 619). 

Sirks (Rec. trav. chim. 1908, 27, 237) has 
obtained the following values for the esterifica- 
tion constants of the isomeric dinitrobenzoic 
acids at 25°, using ethyl alcohol containing a 
little water with hydrogen chloride as catalyst : 

3 : 4-dinitro-acid, 0-0086 ; 3 : 5-aeid, 0 0050 ; 

2 : 3-acid, 0-0005 ; 2 : 5-acid, 0-0003 ; 2 : 4-acid, 
0-0002 ; and 2 : 6-aoid, nil. The values for 
®moH obtained for benzoic, m-, and o-nitro- 
benzoio acids were 0 0132, 0-0071, 0 001. 1 

These numbers indicate the retarding effect 
of one or two nitro- groups in the ortho- position ; 
even one m- group retards, but the introduction 
of a second nitro- group into the meta- position 
of the m-nitro acid molecule, increases the < 
rate. * 

1 The letter E is used to denote tie esterification 
constant of aa acid, using normal hrdrogen chloride as 
catalyst, and The temperature and Specific alcohol ar# 
also given, as the constant varies with these. 


From a comparison- of the rates of esterifica- 
tion of these acids with their dissociation 
constants, Sirks comes to the conclusion that 
acids with small dissociation constants are 
esterified more readily by the catalytic method 
than acids with hign dissociation constants ; 
but an examination of certain alkyl- derivatives 
of aliphatic acids shows that the statement does 
not hold good generally. 

Sud borough and Lloyd, f by using Gold- 
schmidt’s method of determining esterification 
constants, have shown that the introduction of 
one substituent into the acetic acid molecule 
has a retarding effect, whatever the nature of 
the substituent. The introduction of two 
substituents usually has a more marked effect 
than one, and three a greater influence than two, 
when the two or three substituents are alike. 
A comparison of the esterification constants for 
the normal fatty acids gave the following values 
for H™° oh : formic 1124, acetic 104, propionic 
92, and from butyric to stearic values between 
50 and 54. The introduction of a 4 carbonyl- 
group in place of the a-mothylene group of a 
normal fatty acid produces a retardation 
(Kailan, Monatsh. 1907, 28, 1187 ; Sudborough, 
Chom. Hoc. Trans. 1912, 101, 1227). The intro- 
duction of methyl- groups into the molecule of 
methyl hydrogen succinate also produces a 
lowering of the esterification constant (Bone, 
Sudborough, and Spranklmg, Chem. Soc. Trans. 
1904, 85, 634). ,, „ 

In the case of unsaturate*! acids, the following 
generalisations have been drawn (compare Sud- 
borough and Lloyd, Chera. Soc. Trans. 1898, 73, 
81 ; Sudborough and Roberts, ibid 1905, 87,1840 ; 
Sudborough and Thomas, ibid. 1907, 91, 1033 ; 
Sudborough and Gittins, ibid. 1909, 95, 315 ; 
Sudborough and Davies, ibid, 975). 1. An a/3- 

unsaturated acid is estenfiod much less 
readily than its saturated analogue ; in many 
cases the ratio ih 1 : 40. 2. An aft- unsaturated 

aeul is esterified far less readily than the isomeric 
acids, in which the double linking is further 
removed from the carboxyl- group. As a rule, 
/3y- unsaturated acids are esterified more readily 
than their saturated analogues ; e.g. ^y-phenyl- 
crotonic acid has E^ 0H 86-6, and the saturated 
7 -phenyl-n-butyric acid * E^ 0H 56 -25. 
75-Acids and other unsaturated acids, in which 
the double linking is further removed^ from the 
carboxyl- group, are esterified at much the same 
rate as the corresponding saturated acids ; e.g. 
E for oleic acid is 54 "3, and for palmitic acid 
49*7. 3. In most cases' the introduction of a 

substituent into the a- position in the acrylic 
acid molecule has a greater inhibiting effect than 
when introduced into the position. 4. The 
effect of a substituent in the eis- position is more 
marked than in the trails-* thus an acid of the 
X — C — H 

type || is more readily esterified 

Y-C-C0 2 H 

H — 0 — X 

•than tho isomeride || 

Y — C— COjH 

The difference in the rates of esterification 
of an afl- unsaturated acid and the saturated 
analogue, a difference which has been confirmed 
by Kailan (Monatsh. 1907, 28, 1137) in the case 
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of cinnamic and hydrocinnamic acids, affosis a 
very convenient method for separating mixtures 
of the tvro. This is well shown in the preparation 
of hydrocinnamic acid. The acid is obtained by 
the reduction of cinnamic acid, and is liable to 
contain small amounts of tho latter, which are 
difficult to remove by crystallisation, but u 
oomplete separation can do effected by the 
action of a dilute solution of hydrogen chloride 
in ethyl alcohol. .The saturated acid is com- 
pletely transforme4 into ester, and, under suit- 
able conditions, the unsaturated acid remains 
unesterified. A similar method can also be 
used with advantage for the separation of a 
mixture of an a/3- unsaturated acid and the 
isomeric $7 -acid ; this method is preferable to 
tho older method "used by Fittig, in which the 
87-acid was transformed into the 7-lactone 
(Sudborough and Thomas, Chem. Soc. Trans. 
1911, 99, 2307). 

Gyr (Ber. 1908, 41, 4308) has determined the 
esterification constants of a number of mono-, 
di-, and tri- substituted acetic acidH, and confirms 
the results obtained by Sudborough and Lloyd. 
Tho values, for example, for acetic, phenyl acetic, 
diphenyl acetic, and triphenyl acetic, at 25° are 
respectively 7*7B* 3'57, 0*20, and 0*001. Gyr 
worked with absolute methyl alcohol, and 
recommends boiling some three or four times 
with small amounts of metallic; calcium in order 
to remove the Fast tracos of water. 

Kistiakowsky (Zoitsch. physikal. Chem. 1898, 

. 1 vrnlsv/.ifvr nf Pf>«.et.ion 


case of formic aoid rises from 0 to 300 as the 
percentage of alcohol increases from 0 to 91 4, 
whereas the value for K' falls from 198 to 60, 
as the percentage of alcohol is increased from 
0 to 91*4. In tho absonce of a catalyst, the 
volocity of esterification falls as the organic 
acid is used up, whereas the velocity of hydrolysis 
is first small, and gradually increases as fresh 
acid is formed, ana both K and K' diminish 
with an increase in the amount of alcohol 
present. „„ 

Direct method of esterification. The reaction 
between alcohol and a mineral acid is frequently 
used as a method for tho preparation of ethyl 
esters of inorganic acids, e.gr. ethyl chloride’ 
bromide, nitrite, sulphate (for ethyl bromide, 
cf. Weston, Chem. Soc. Trans. 1916, 107, 1489 ; 
Holt, ibid. 1916, 109, 1). 

Norris, Watt, and Thomas (J. Amer. t hem. 
Soc. 1.916, 38, 1071) have studied the reaction 
between different alcohols and dilute solutions 
of hydrochloric and hydrobromic acids. They 
find ‘that the rate of formation of esters in the 
ease of primary alcohols tends to decrease as 
the molecular weight of the alcohol in- 
creases. Of tho three groups of alcohols, the 
tertiary are tho most, and the primary least, 
rcactivo. . , 

Monschutkin, working with the fatty acids 
(J. pr. Chem. 1881, [11.] 24, 49 ; ibid. 1882, 
|u.] 25, 193; Ber. 1897, 30, 2783), was one of 
the first to draw attention to the relationship 

. . ,1 1. nwrl fhr> cnn. 


Kifltiftkowsky (Xoitach. phyBikftl. (.hem. 18.KS , f ond the con- 

n, 250) has determined «» v^X SL”J'*S .li S «f the aehl and of the alcohol, and 




stitution of the acid and of the alcohol, ana 
found that the amount of acid converted into 
ester in a given time diminished with the com- 
plexity of the acid molecule, and also with the 
complexity of the alcohol molecule. By heating 
I a given amount of acetic acid with equivalent 
j amounts of different alcohols for one hour at 
I 135°, Menschutkin was able to show that, on 
1 the whole, a primary alcohol is esterified more 
I rapidly than a secondary, and a secondary 
' than a tertiary. Some of the results obtained 
when the amounts of water and alcohol are ' b Menschutkin for primary alcohols are not 

large compared with the amount of acid present. ^rue measures of volocity, as equilibrium bad 

f denotes the gram -molecules of acid transformed 1 a ] rea dy been obtained within tho hour. It is 
into oster at equilibrium, and r the number of alg0 po i n ted out that the introduction of side 
^ram-molecules transformed at end of time t. chains or of negative substituents into a primary 

8 K can also Jie calculated from K + K' by I > — * - 1 

means of equation : 


27, 200) has aeterminea wie veiucuy ui i™> 
of an acid and alcoliol in mixtures of the alcohol 
and water containing hydrogen chloride. In 
this case the esterification and hydrolysis pro- 
cee l side by side, and tho velocity constants for 
' the two are denoted by K and K'. Then : 

' 1 1 log< r-x md K ~r V loge (-x 

K+K'~ l - log. { 4- x 

when the amounts of water and alcohol are [ 


K=(K+K')' 


enains ur ui ' - r — — — v 

alcohol also tends to lowor the rate of esterifica- 
tion, and the greater tho number of such groups 
introduced the more pronounced is the effect. 
The introduction of an olefine linking into tho 
molecule of the alcohol in the a/3- position also 
diminishes the rato of esterification. Subsequent 
exporhnents made by heating the alcohol with 
given weights of acetic anhydride gave similar , 
results. Still later work with hydroxy-poly- 
metbylenes (Chem. Soc. Trans. 1906, 89, 1633), 
using the acetic anhydride method, indicates that 
these compounds are esterified more readily 
than analogous open-chain compounds, e.g. 
the value for methyl-propyl-carbinol and 
oyclopentanol are respectively 98 and 189, and 
that cyclic tertiary alcohols are esterified least 
readily and primary most readily. The results 
also iffilicate that methyl- groups in the 0- posi- 
tfon with respect to the hydroxyl- group also 
produce retardation, but not to the same extent 
“ “ | as when attached to the carbon atom to which 

^The effect of the proportion of alcohol and [the OH is attached. Michael 
to pS is marked, P The value of K in the \ (Ber. 1909, 42, 315* have determined the rato 


The values of K and K' and also the value - 
are independent of the original concentration of 
the organic acid. 

The same values for K and A' are obtained 
when a mixture of acid, alcohol, water, and 
catalyst, or ester, alcohol, water, and catalyst 
are used, provided the proportion of water and 
aloohol and the concentration of the catalyst 
are kept the same. . . . „- 0 

The temperature coefficient between t — 25 
and t = 30° is about 10 p.c. per degree, using 
mixtures of* alcohol and water containing 
13-70 p.o. alcohol. „ 

The values of both K and K' fall on passing 
from formic to acetic, and again from acetic to 
monoohloracetic. 

Th “* ‘ ' 
water 



*« E8TER7TOATION. 

of' esterification of triohloraoetic acid with I following numbers, using the equation for a 
various * alcohols at 25° and 50°, and give the | bi molecular reaction : — 


Primary alcohols 

Methyl . 

Ethyl . 
Propyl . 

Butyl . 
/.sobutyl 
Hoptyl . 

Octyl . 

Cetyl 


Kx 

10 s 

25 ° 

50 ° 

3690 

24,000 

650 

4,210 

725 


1200 


740 


1160 


1860 


2500 

16,300 


Secondary 

Dimethyl-carbinol 
Methyl-ethyl „ 
Methyl-propvl „ 
Methyl-hexyl „ 


Kx 10' 
25 ° 

. 98 
. 90 
. 76 
. 109 


Tertiary 

Ter-butyl 

Ter-amyl 


KxlO* 

25 ° 

. 118 
. 248 


According to Michael, factors which are of 
importance arc : 1 . Degree of association of the 
alcohol ; as this is greater in tho case of the 
simpler alcohols, tho rate of esterification would 
be reduced to a greater extent. 2. Readi- 
ness with which the alcohol decomposes into 
H and R-O- in order to react with the 
carbonyl- group 3. The influence of alkyl- 
groups on the affinity of tho RO- and H for the 
unsaj.urated atoms of the carbonyl- group. 
Michael claims that- his results do not afford the 
slightest evidence for the view that atoms or 
groups can produce effects by more filling of 
apace. 

As regards the influence of the constitution 
of the acid on the velocity of esterification, 
Mensehut-kin drew the following conclusions as 
the result of experiments made by heating the 
respective acids for one hour with svobutyl 
alcohol. The introduction of an alkyl- group 
into the formic acid molecule invariably produces 
a retardation in the esterification. The intro- 
duction of alkyl- groups into the acetic acid 
molecule also produces a retardation, and this 
is greatest when three alkyl- groups replace the 
throo hydrogen, e g trimethylacetic acid, and is 
least when only one alkyl- group is introduced. 
Unsaturated acids of the typo of erotonic and 
cinnamic are esterified less readily than their 
saturated analogues. 

Liohty (Aincr. Ohom. J. 1895, 17, 27 ; 
1896, 18, 590) found, however, that in the case 
of tho chlorinated acetic acids tho introduction 
of a chlorine atom into tho acetic acid molecule 
tends to facilitate the formation of ester when 
the direct method is used. The presence of an 
ad- ethylene linking has not the same marked 
effect m direct esterification as in catalytic 
esterification (Thomas and Sudborough, Chem. 
Soc. Trans. 1912, 101, 317). It is obvious that 
the results obtained by the direct and catalytic 
methods of esterification are not comparable, 
and Sudborough and Foilmann (Chem. Soc.«Proe. 

- 1897, 13, 241) have suggested that at. least two 
factors are concerned in tho process of esterifica- 
tion when using the same alcohol, viz. ( 1 ) strength 
of the acid esterified ; (2) the presence of 

substituting groups in close proximity to the 
carboxyl- group. When the direct mothod of 
esterification is used, the former appears to be 
the determining factor, whereas with the 
catalytic method the latter is of primary im- 
portance ; but in either case both factors are 
involved. Compare also Flurscheim, Chem. Soc. 
Trans. 1909, 95, 718. 

Rosanoff and Prager (J. Amer. Chem. Soc. 
1908, 30, 1895) have also shown that diortho- 
substituted blnzoictaoids can bi esterified by 
the direct method, "provided they are heated with 


excess of the alcohol at a comparatively high 
temperature (183°) for about 100 hours. Tno 
reaction proceeds even at the boiling-point of 
alcohol, but requires prolonged heating. Rosanoff 
and Prager determined both the velocity 
constant K and tho reciprocal of the equilibrium 
constant-, viz. K'=K'/K. Thoy used different 
weights of alcohol and acid in each experiment, 
and by taking the volume of the solution into 
account, they calculated K by means of the 
equation : 

R== 2-3026?; 

t\/(a— &) a -f4a6K' 0 

2 ab~x(a -\ ft — \! («--&) a 4-4aftK / ) 
1<>g, ° 2a& x '{a-i>)i+4abK') 

where a and ft are the molar concentrations of 
tho acid and alcohol, v is the volume of the 
mixture in litros, x the number of gram-mole- 
cules of the ester formed after time t (in days). 
The values of K obtained for a few acids are : 


Benzoic . 

‘0-630 

2:3: 5-Tribromobenzoic 

0-370 

3:4: 5- 

0-900 

2:4:6- 

0-088 

2:4: 6-Tnchlorobenzoio 

0 031 

Acetic 

1-450 

Propionic 

0-950 

/tfobut-yric 

1-070 

Trimethylacetic 

0-180 

Chloraeotio 

2-4601 

Dichloracotic . 

6-380 at 80° 

Trichloracetic . 

12-OOOj 

and it is pointed out that in many of those cases 


an increase in velocity of esterification runs 
parallel with an increase in the electrolytic 
dissociation constants of the acids, although 
the two sets of constants are not proportional. 

Michael and Oechslin (Ber. 1909, 42, 317) 
have determined the amounts of ester formed 
when various mono- substituted benzoic acids 
are heated with methyl alcohol in sealed tubes 
at 135° without a catalyst, but ‘they did not 
determine the actual constants. They found 
that many m- and p- substituted benzoic acids 
containing negative subs tit vents are esterified 
somewhat more readily than benzoic acid, but 
that an ortho - substituent, with the exception 
of Cl, tends to retard esterification, and that the 
effect is the greatest in the case of the methyl- 
group. 

‘ The following are some of the values obtained 
after 7 hours : benzoio 1 1 -1, o-chlorobenzoic 
11*9,, o-bromobenzoio 10 4, o-iodobenzoi<? 9*7, 
o-nitrobenzoic 10-0, salioylic 7 ‘7, and o-toluio 6 '2. 

The results obtained by Rosanoff and Prager 
and by Michael and Oesohelin are compatible 
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with the view that at least two factors are 
concerned in esterification either by the catalytic 
or the direot method ; that in the former case 
the chief factor is the presence of substituents in 
close proximity to the carboxyl- group (steric 
hindrance) whereas the strength of the acid, as 
measured by its dissociation constant, is of but 
secondary importance ; in the direct method the 
relative values of the two factors are frequently 
the exact opposite. (Note : The dissociation 
constant for *-trichloro benzoic acid is not 
known.) The results do not justify the conclu- 
sion drawn by both Rosanoff and Michael, that 
substituents do riot retard esterification by mere 
space filling. 

For direct esterification of dibasic acids, see 
Kailan (Zeitsch. physikal. Ohem. 1915, 89, 676), 

The reaction between a mercaptan and an 
acid is analogous to that between an alcohol and 
an acid, and the product is the ester of a thio- 
acid. The reaction has been studied in detail 
by L. 8. Pratt and E. E. Reod (J. Amer. Chem. 
Soc. 1915 < 3J, 1 934) at a temperature of 243°, 
and using different mcrcaptans. The limiting 
values arc much less than when the corresponding 
alcohols are used, and tend to diminish as the 
molecular weighted the alcohols increases. 

Other methods for preparing esters. Esters 
which cannot be obtained by direct esterifica- 
tion, e.g. the esters of diortho- substituted 
benzoic acids, ean be prepared* by the following 
methods : 1. Action of the alcohol on the acid 
chloride or acid anhydride. The latter action 
is accelerated by the presence of small amounts 
of a strong acid (Rey< hler, Bull. Soc. chim. Belg. 
1907, 21, 428).. 2. Action of the alkyl iodide on 
the dry silver salt, or, in the case of aromatic 
acids, by the action of alkyl chlorides on dry 
potassium salts m the presence of a trace of 
a base such as friethvlamine. Benzyl ben- 
zoate is readily prepared by heating togother at 
96°-100° potassium benzoate (100), benzyl 
ohloride (120), and triethylamine (1). 3. Action 
of methyl sulphate on an aqueous solution of 
the sodium salt of the acid (Werner and Seybold, 
Ber. 1904, 37, 3658), 4. Action of an ethereal 
solution of diazomethano on the acid. 

Sulphonle acids. Sulphomc acids do not 
give good yields of esters when warmed with 
alcohol alone or with alcohol and a mineral acid. 
This is probably due to the fact that the ester 
formed immediately reacts with the alcohol, 
giving thfe free acid and an ether : 
C 8 H 5 -SO a -OMe4-MeOH=0 6 H 5 -S0 2 -OH+Me i£ 0 

(comp. Krafft and Roos, Ber. 1893, 26, 2823 ; 
Wegsoheider and Furcht, Monatsh. 1902, 23, 
1094). The «ter4 are not formed when the 
sodium salt of the acid is warmed with alkyl 
iodide and alcohol (Wegsoheider and Furcht); 
but can be obtained by the action of methyl 
sulphate on the acid or by tho action of the 
alcohol on the acid chloride at low temperatures 
(Krafft, Ber. 1892, 26, 2256). 

Esters of dibasic adds. A dibasic acid can 
give rise to both an acid and a normal ester, 
e.g. C0 8 H*CH.-C0 !i H->C0 2 H CH 8 C0 1 Me and 
COjMe'CHo’COjMe. With the exception of 
diortbo- substituted aromatic dibasic acids, the 
normal esters can be obtained by the Fischer- 
gpeier method of esterification. For the pre- 
paration of the acid esters, the following methods 


m 

are resorted to : 1 . Addition of alcohol or *of , 
sodium alkyl oxide to the acid anhydride. 2. 
Partial hydrolysis of the normal ester. 3. 
Partial esterification of the acid. 4. The action 
of alkyl iodides on the acid silver salts, if these 
can be prepared, or on the acid potassium Balts. 

In the case of a symmetrical dibasic acid, the 
same acid ester is formed by all these methods, 
although, in most cases, except those coming 
under the first heading, the yields are not very 
good, as free acid and normal esters are also 
formed, and the separation is not always easy. 

With an unsymmetrical dibasic acid, two 
isomeric acid esters (the a and the b) 1 can exist, 
and which of these is formed depends largely 1 
on which method of preparation is used. 
Wegscheidei has carried out numerous experi- 
ments (comp. Monatsh. 1895, 16, 75; 1897, 18, 
418, 629; 1899, 20, 685; 1900, 21, 621, 638, 
787; 1902,23,317,357,309,393,405; 1903, 
24, 413, 915 ; 1905, 26, 1039 ; 1906, 27, 487, 
777; 1907, 28, 819; 1908, 29, 525, 531, 535, 
541, 557 ; sulphonated benzoic acids, ibid. 
1902, 23, 1093 ; tnbasic acids, tbtd. 191(£ 31, 
1253) on the following acids : hemipinic (3 : 4- 
dimethoxyphthaho), nitrohemipinic, camphoric, 
mtro-, brotno-, amino-, and hydroxy-terephth- 
alic, 3- and 4-nitrophthalic, 4 -hydroxyphtnalic, 
phthalonic, liomophthalic, aspartic, phenyl- 
succinic, and papavormic, and has drawn the 
following conclusions under the assumption that 
the two carboxylic groups differ appreciably as 
regards their relative strength : 1. By the 

addition of alcohol to the anhydride and by the 
action of alkyl iodides on the acid potassium or 
acid sdver salts, tho stronger carboxyl- group is 
esterified, so that under these conditions a-acid 
esters are formed. If there is but little difference 
in the relative strengths of the two carboxyl- 
groups, then a mixture of the two acid esters is 
obtained, but the a- compound preponderates ; 
e.g. C # II..(CO.>H) a (()Me) 2 (l : 2 : 3 : 4) gives, by 
these methods, the acid ester : 

C 9 H 2 (00 2 H)(C0 2 Et)(OMe) 2 

l 2 3.4 

m (2) , CO a H (1) 

CO.,H-C fl H a ( )0 gives C a H 3 (- CO a Me (2) 

(1) XXK (3) XX) 2 H (3) 

Exception : phenyl succinic anhydride. Diazo- 
methane and the acid give mainly neutral ester, 
but also small amounts of acid ester derived 
from the stronger carboxyl- group. 2. By the 
process of catalytic esterification the carboxylio 
acid group, which is freer from adjacent sub- 
stituents, is esterified first; thus opianic acid 
gives the 6- ester C g H a (CO a Et)(CO a H)(OMe) 2 , , 
1 2 8:4 

but neutral ester and small amounts of the o- 
isomeride may also he formed, especially if the 
conditions are such that anhydride formation 
can occur. The same rule holds good for 
direct esterification if the possibility of anhydride 
formation is excluded. 3. The addition of 
sodium alkylate in the absence of alcohol and 
water to the anhydride yields the 6- acid ester, 
with appreciable amounts of the isomeride. 
4 j* The partial hydrolysis of the neutral ester 
gives tho acid ester, which is difficult to prepare 
• 

1 Tift terra 6- ester Is given to the aeU ester with the 
higher dissoolatlo# constant, and the Isomeride Is tenhed 
the a- (Ber. 1902, 35, 4*29 ; 1908. 96. 804). 
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by' the method of catalytic esterification ; t.g 
cUmethjflhemipinate gives the o-acid ester. 
Exceptions : the hydrolysis of methyl hydroxy- 
terepnthalate, 4-hydroxyphthalate, 4-nitropn- 
thalate, aminoterephthalate, phthalonate. 

For formation of esters of phthalic acid in 
presence of hydrochloric acid and hydrolysis 
of the esters, see Wegscheider and Amann 
(Monatsh. 1916, 36, 649 and 633). 

In the case of the majority of symmetrical 
dibasic acids the two carboxylic groups are 
esterified at the same rate ; in other words, 
the replacement of OH by OEt does not affect 
the rate of esterification. Tn the case of both 
maleic and oxalic acids, however, there is a 
retardation produced by the conversion of oue 
of the CO.H groups into a CQ s Et. This is 
attributed ’by Kailan (Zeitsch. physikal. ('hem. 
1914, 87, 619) to the proximity of tho two 
carboxylic groups to one another, and as the 
retardation is greater in the cane of maleic acid, 
it is argued that in this acid tho two carboxylic 
groups are closer than in oxalic acid. 

Theories of esterification. — Direct method : 
The reaction between the acid and alcohol is 
not a simple ionic reaction, since the acid with 
the highest dissociation constant is not neces- 
sarily esterified most readily, and in the case of 
a dibasic acid it is not always the stronger CO a H 
group which is esterified first. The view usually 
accepted at the present time is that an additive 
compound of alcohol and acid of the type 
/OEt 

R, (\ OEt, i.c. a dialkyl- derivative of an ortho- 
Hill 

carboxylic acid, is first formed by the addition 
of a moleculo of alcohol to the carbonyl- group of 
the acid (Wegschcider, Monatsh. 1896, 16, 137 ; 
Henry, Bor 1877, 10, 2041). Michael suggests 
that before this additive compound is formed an 
unstable ‘ Kekule double molecule ’ is formed, 



It is well known that many esters can form 
additive compounds with sodium ethoxide, and, 
therefore, presumably with ethyl alcohol, 
although compounds of the latter type have not 
been isolated. Pechmann (Bor. 1898, 31, 603) 
has been able to show that the esters of diortho- 
substituted benzoic acids cannot yield additive 
compounds with sodium ethoxide, probably 
owing to the space filling (steric hmdrance) of 
the group in the ortho- position ; by analogy, the 
diortho- substituted acids would not yield the 
orthocarboxylic acid derivative at all readily, 
and this would account for the fact that diortho- 
substituted benzoic acids aro not readily esterified. 

Catalytic esterification .. According to Michael, 
the processes of direct and catalytic esterifica- 
tion are essentially different ; the former is a 
reaction between the organic acid and alcohol, 
and the latter a reaction between the organic 
acid and an additive compound of the plcohol 
and catalyst (Ber. 1909, 42, 312). Tliis reaction 
does not consist of addition to the carbonyl- 
group of the acid, but in union of the acid with 
Hie alcohol-catalyst complex to form a largo 
‘double mokrcule,' which decomposes immedi- 
ately into ester, Vater, anfl catalyst. The fact 0 


that esterification is facilitated by the presence 
of th& catalyst is accounted for by the assump- 
tion that the alcohol-catalyst complex contains 
a greater store of energy, is therefore more re- 
active than the alcohol itself, and can more 
quiokly develop the maximum entropy of the 
alcohol-acid system. It is questionable whether 
these views are in harmony with tho facts estab- 
lished by Wegschcider, viz. that the same acid 
ester is obtained from an unsymmetrical dibasic 
acid, whether the direct or catalytic method of 
estorification is adopted, provided that anhy- 
dride formation is excluded. Goldschmidt also 
comes to the conclusion that the two processes 
are essentially different (Zeitsch. Elektrochem. 
1909, 15, 4). He claims to have shown that the 
presenco of sodium trichloracetate does not 
depress the velocity of esterification of trichlor- 
acetic acid by tho direct method, and, therefore, 
the direct esterification cannot be a simple case 
of hydrion catalysis. Later experiments of 
Sudborough and Turner show that tho presence 
of salts of trichloracetic acid does diminish the 
rate of esterification of tlio acid, and hence 
Goldschmidt’s conclusion is not justified. The 
| fact that in direct <‘sterification the strength of 
the acul is an important factor L compatible with 
the view that the organic acid itself plays the 
same part m direct esterification that the catalyst 
does in catalytic estorification. This view 
agrees again with the fact that the reaction in 
certain cases of direct esterification is bimolecular 
(Goldschmidt, Ber. 1896, 29, 2208), provided 
the reaction is not between the ions of acid and 
alcohol. 

Kailan (Monatsh. 1908, 29, 799) is also of 
opinion that tho processes of direct and catalytic 
esterification aro not. analogous, since the 
addition of a small amount of water increases 
tho rate of esterification of trichloracetic acid by 
tho direct mothod, but diminishes the activity of 
trichloracotic acid when it is used as a catalyst. 

Various views are held with regard to the 
function of the catalyst. Goldschmidt and 
Uddy (Zeitsch. physikal. Chem. 1907, 60, 728 ; 
comp, also Ber. 1906, 39, 711, and Zeitsch. 
physikal. Chem. 1910, 70, 627) conclude that 
the hydrions of the catalyst are the active 
agents, since tho activity of different acids is in 
the order of their relative strengths, eg. the 
relative values of the acids hydrochloric, picric, 
trichloracetic, and dichloracetic as catalysts are 
indicated in the order given, and the addition 
of salts of the acid used as catalyst diminishes the 
activity of the catalyst. They further conclude 
that the hydrions unite with the alcohol, and 

that the complex ion (C a H fl O,H) is the active 
agent. They suggest the following modified 
formula for calculating the velocity constant : — 

K . c— \(n+r+a) -x 

t a—x 

where c = concentration of catalyst, n 
concentration of water, and r = nydrolytio 
constant of the complex alcohol ion for 

(C 4 H # 0,H) r ** 1*6. 

The constant* obtained by means of this 
equation agree 9 better, and do not show the 
tendency to decrease as t increases, 1 a tendency 
which is marked when the constants calculated 
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by means of the ordinary equation for a uni* 
molecular reaction are used. * 

A marked exception to the depressing offeots 
of the addition of salts is met with in tko case of 
hydrogen chloride, where the addition of chlorides 
such as calcium chloride, tetramethyl-ammonium 
chloride, and aniline hydrochloride, have no 
•appreciable effect on the catalytic activity of 
hydrogen chloride (Goldschmidt ; Sud borough). 

Many chemist^are of opinion that in catalytic 
esterification, as ip catalytic hydrolysis of esters 
by moans of mineral acids {nee art. on Hydko- 
Lysis), a complex is formed between the substance 
transformed (acid in esterification and ester in 
hydrolysis) and the catalyst. This compound is 
probably an oxonium salt containing quadra- 

0^ H 

/°\C1 

valent oxygen, e.g. RCs^ . The salt, 

OH 

only small amounts of which may be present, 
+ — 

is ionised into (RiCO a H,H) and Cl, and the 
osterificatiftn 'proceeds by the reaction of the 
complex cation with the alcohol (Acrce and 
Johnson, Amer. Chem. J. 1907, 38, 334) ; e.g . : 

(R-COJI.H )+ C a H 6 OH=RC() a Et+H a O+H 

and not with the ions of tho alcohol as suggested 
by Lap worth. This reaction is more rapid than 
the simple reaction between the acid and alcohol, 
and in this way the accelerating effect of the 
catalyst is accounted for. 

The retarding effects produced by small 
amounts of water arc, according to Lapworth 
(Chem. Soc. Trans. 1908, 93, 21(57, 219(5), duo 
to the water competing with the organic acid 
for tho catalyst, and giving rise to tho com- 
+ 

plex ion (H 2 0,H), which is not eatalytically 
active. The fact that m alcohol containing 
water, the velocity of esterification at con- 
stant volume decreases more rapidly than 
the concentration of ‘ tho catalyst (Gold- 
schmidt and Uddy, Zeitsch. physikal. Chem. 
1907, (50, 735 ; Kailan, Monatsh. 190(5, 27, 543, 
997 ; Annalen, 1907, 351, 18(5), is also held to be 
opposed to the view that a complex hydrion is 
formed with the alcohol. 

Work on the ^catalytic activity of strong 
acids tends to show that this activity is 
exerted in two ways : (a) by means of hydrions ; 
(ft) by the*non-ionised acid, and that the effect 
due to the non-ionised acid i§ greater for highly 
ionised than for slightly ionised catalysts. In 
methyl and ethyl alcohol the retardnig influences 
of water on esterification is of much the same 
magnitude for different acids, and this is held 
to support the view that an intermediate com- 
pound of alcohol and catalyst plays a most 
important part in the^ change (Goldschmidt and 
Thuesen, Zeitsch. physikal. Chem. 1912, 81, 
30). 


Compare also Snethlage, ibid. 1913, 85, 211 ; 

1916, 90, 91 and 139; Acree, Amer. Chem. J. 

1912, 48, 362 Dawson and others, Chem. Soc. 

Trans. 1913, 103, 2135; 1914, 105, 1093; 

1916, 107, 1426 ; 1916, 109, 1262 ; McBain i ux £ili\V'2-L.L5/2 upuu vuuyiv\Jii\s t*wu. 
and Coleman, ibid. 1914, 106, 1517; H. S. 1 BtCaH^OM*; b.p. 102°; V.D. 

Taylor, Zeitsch. Electro. Chem. 1914, 20, 201. 1 " T * “ L ~ ^ ™ TT 

(For the conversion of acid amides into esters, 
and for the transformation of methyl into ethyl 
Vol. U.-T. 


esters, both processes of alcoholysis, $ee aft. 
Hydrolysis.) J. J. S. 

ESTON. Trade namo for basic aluminium 
acetate. Used as an antiseptic powder in 
dressing wounds. 

EST0RAL v. Synthetic drugs. 
ESTRAMADURITE v. Fertilisers. 

ETA (E) ACID. l-Naphthylaminc-3 : 8-di- 
sulphomc acid v. Naphthalene. 

ETELEEN. Trigallic acetal. 

ETHAL v. Waxes. 

ETHYL C 2 11 5 or CH 3 -CH 2 is a univalent 
basylous radical not known m the free state, 
the body C 4 H 1() or (C 2 H.) 2 which was named, 
ethyl (afterwards diethyl) by its discoverer, 
Frankland (Chem. Soc. Trans. 2, 263), being 
now regarded as butane. 

Ethyl acetamide v. Elhjlamme ( infra ). 

Ethyl acetate v. Acetic acid. 

Ethyl acetoacetate v. Ketones. 

Ethyl alcohol v. Alcohol. 

Ethyl antimonlte (C 2 H 6 0) 3 Sb; b.p. 115°- 
120°; from action of C 2 H 6 OH upon Sb 2 Q B in 

f iresence of anhydrous CuS0 4 ; colourless 
iquid (McKey, Chem. Soc. Trans. 1909, 96, 604). 

Ethyl arsenite (C 2 H 6 0) 3 As. A liquid formed 
by action of C 2 H 6 OH upon As 4 O e in presence of 
anhydrous CuS0 4 , tho yield being 4‘5 p.c. (Lang, 
McKey, and Gortnor, Ohoin. Soc. Trans. 1908, 
93, 1368). According to Crafts (Bull. Soc. chim. 
1870, ii. 14, 99), it is obtained in very small 
yields by 

(1) Action of EtjSiOg upon As 4 0 6 at 200° ; 

(2) Action of Ag.,As() a upon EtT at 150° ; 

(3) Action of AsBr., upon NaOEt. 

Auger (C'ompt. rend. 1906, 143, 907) obtained 
a yield of 1 2 p.c. by heating EtOil and As 4 Og 
m a sealed tube far above the boiling-point of 
the alcohol. 

Ethyl arsenate. A liquid boiling above 200° 
with partial decomposition. Decomposed by 
water immediately. Formed by beating together 
in sealod tubes at 100° Ag 3 As() 4 and EtI (Crafts, 
Bull. Soc. chim. 1870, ii. 14, 99). 

Ethyl boride (C 2 H { ) 3 B. Triethyl boride, 
Borethyl ; b.p. 95° ; sji.gr. 0 696 at 23° ; V.D. at 
132° = 3-598 ; at 101# = 3 76 ; calc. = 3 399. 
From action of Zn(C 2 tf 6 ) a upon (C 2 H 6 ) 3 B() 3 , or 
from BC1 3 and Zn(C,H,) a (Frankland, Trans. 
Roy. Soc. 1862, 167 ; Proe. Roy. Soc. 1876, 
25, 165). 

A spontaneously inflammable, colourless 
liquid burning with green flame ; decomposed by 
HC1, evolving C 2 H 6 , and forming B(C a H 8 ) 2 Cl. 
Is slowly decomposed by water, and destroyed 
by HN(j 3 , with formation of boric acid. Absorbs 
NH 3 , forming an oily liquid NH 3 B(C 2 H 6 ) 3 of an 
aromatic odour, which is fairly stable even in 
contact with O. B(C 2 H 6 ) 3 absorbs O and forms 
B(C a H 6 ) 3 U 2 ; b.p. 125°, This, by the action of 
water, yields ethylborio acid B(C 2 H 6 )(OH) 2 , 
a crystalline solid resembling naphthalene in 
appearance ; can be sublimed at 40° ; has a 
sweet taste, and acid action, but does not combine 
with bases. By action of Zn(C 2 H 6 ) 2 upon this 
body we get B(C 2 H 5 )(OC 8 H.) 2 and B(OC 2 H # ) 3 ; 
•b.p. 112**; V.D. (dissoc.) 2-78. By further action 
of ^n(C 2 H.) a upon ethylboric acid we got 
3-914. 


Water’ Converts this into B(C l H 6 ) a OH, 
spontaneously inflammable liquid, wKcn absorbs 
oxygen, yielding B(0 2 M 6 O)C a H B 'OH ; m.p. 8°, 

2 T7 
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Ethyl bromide C,H 6 Br. Hydnhrcmic or 
Bromhydric ether ; m,p. — 116 *0° {Ladenburg 
and Krugel, Ber. 32, 1818), -125*5° (Schneider, 
Zeitsch.jphyBikal. Chem. 22, 233); b.p. 38*22° 
(corr.) (Thorpe and Rodger, Phil. Trans. 1894, 
A, 11, 472); sp.gr. 1*4189 at 15° (Menddleeff), 
1*4733 at 0° (Pierre), 1*4885 at 13*5°; crit. 
temp. 236° (Pawlewski, Ber. 18, 2633). 

Preparation. — 1. By action of P and Br upon 
alcohol (Serullaa, Ann. Chim. Phys. [2] 34, 99). 
40 parts rod P and 160 parts absolute alcohol are 
slowly mixed with 100 parts Br, kept cool until 
all action is over ; the mixture is then distilled, 
i and the distillate purified by washing with 
water and rectification (Porsonne, Compt. rend. 
52, 468). — 2. Absolute alcohol is heated with Br 
and distilled, and the distillate is freed from 
excess of Br by washing with KOll and redistd- 
lation (Lowig, Annalen, 3, 288). — 3. 4 parts KBr 
and 5 parts of a mixture of 2 parts H 2 S0 4 and 
1 part alcohol of 96 p.c. are distilled, and dis- 
tillate purified as above (Do Vrij, «T. 1857, 441 , 
Tabourg, Bull. Soc*. chim. 1911, [iv. | 9, 124). 
Weston (Chem. Soc. Trans. 1915, 108, 1489) has 
given details of a modification of l)e Vrij’s 
method, using sodium bromide in place of 
potassium bromide* and paying attention to the 
rate of heating, whereby yields of 80-90 p.c 
of the theoretical amount oi pure ethyl bromide 
can be obtained [cf. Holt, Chem. Hoc Trans. 
1916, 109, 1.). — 4. C 2 H 4 m presence of AIBr 3 
at 0° combines witli HBr to form C 2 H 6 Br 
(Gustavs on, J. Russ. Phys. (diem Soc 16, 95). 
To prepare pure 0 2 H s Br, the commercially 
pure bromide is shaken with 11 2 S0 4 and allowed 
to separate. It is then shaken with dilute 
alkali and distilled with 10 p.c of sweet almond 
oil (Adrian, Chem. Zentr. 1895, l. 20). 

Ethyl bromide is a colourless liquid with a 
swoet taste, and burning after- taste. Its vapour 
has anesthetic properties (Robin, Compt. rend. 
34, 649; Webster, Bio. (diem. J. 1906, i 328; 
Cole, J. Physiol. 29). It is slightly soluble in 
water, and miscible with alcohol and ether. 
The vapour is decomposed by heat, yielding 
Cj,H 4 and HBr, or, if the temperature bo higher, 
C is deposited (Lowig). Burns in air with a 
green flame, evolving HBr. By introduction of 
Cl two isomeric bodies of the composition 
C 2 H 4 ClBr, b.p. 84*5° and 104°-108 a , and 2 
iaomerides of composition C 2 H 3 Cl 2 Br, b.p. 137°, 
151° (Lescceur, Bull. Soc. chim. 1878, 29, 483) 
are obtained. At 100° Br reacts, forming 
CH 2 Br*CH 2 Br, whilst at 200° CH,*CliBr 2 is 
the product (Meyer and Muller, Ber. 24, 4247 ; 
J. pr. Chem. [2] 46, 1(U). By action (ff Br and 
P upon alcohol, we get, further, 0„H 4 Br.„ 
b.p. 160°; CjjHjBr.,, b.p. 180"; C.;H 2 Bi* 4 ‘, 
b.p. 196°-200° (Bertrand, Finot, Bull. Soc. chim. 
34, 28) (v. Ethylene bromide). Heated with 
AlBr 3 , yields successively C 2 H 4 Br 2 ,C 2 H 2 Br 4 , 
and C 2 Br 6 (Mouneyrat, Compt. rend. 127, 109). 
With ammonia it yields NH 2 (C 2 H 6 ),HBr ; and 
with ethylamine, diethylammomum bromide 
NH(C 2 H.)j,HBr ; similarly, with dicthylanune, 
it yields N(C 2 Hj) 3 HBr. 

Ethyl chloride C S H 5 C1. ChJorhydnc or Hip 
drochloric ether; m.p. —142*5° (Schneider, 
Zeitach. physikal. Chem. 22, 233) ; b.p. 12*5° 
(Regnault. J. 1863, 67); crit. temp. 187*2; 
orit. pre88fr51*7 atm. (Bertho$id) ; sp.gr. 0*9214 
at 0° ; 0*9176 at 8°, 0*020 at 0° (Pierre), 0*851 


at b.p. (Ramsay, Chem. Soc. Trans. 35, 470) ; 
S.V. 75*8 (Kopp). (Robiquet and Colin, Ann. 
Chim. Phys. [2] 1, 343 ; Regnault, ibid. 71, 355 ; 
Kiihlman, Annalen, 33, 108; Lowig, Pogg- 
Ann. 14, 346 ; Gm. 7, 367 ; Gerh. 11, 308.) For 
a table of its vapour prossure between —30° and 
+ 100", see Henning, J. Soc. Chem. Ind. 1920, 
I. T 

Known as far back as 1500, and its 
preparation described by ■ Glauber in 1648. 
From alcohol by the action of S 2 C1 2 or metallic 
chlorides (Rouello [1759]) ; from alcohol and HCl 
(Basse 1 1801]). Composition first ascertained 
by Robiquet and Colin. Also formed by action 
of Cl upon C 2 H 8 (Darling, Annalen, 150, 216), 
and of HCl upon ether in sealed tubes (Berthelot). 

The action of HCl upon alcohol gives a very 
poor yield of C 2 H B C1, unless Zn01 2 is added to the 
alcohol before passing in HCl (Groves, Chem. 
Soc. Trans. 1874, 636). Kriiger (J. pr. Chem. 

1 2] 14, 193) recommends that a mixturo of 1 
part of ZnCl 2 in 82 parts of alcohol should be 
saturated with HCl gas in "the cold, and then 
heated to boding, HCl being passed m during 
distdlation. A reflux condenser stops the alcohol 
vapour, and the C 2 1I.C1 passes on and is 
collected in a well-cooled receiver. 

'The formation of C 2 H 6 C1 in this process is 
partly due to the action of HCl upon alcohol, 
and partly to the union of the nascent C 2 H 4 
with 11C1 (Schorlcmmer, Churn. Soe. Trans. 
1875, 308) ; this view is sustained by the fact 
that if amyl alcohol be thus treated, both 
primary and secondary afnyl alcohol are pro- 
duced, and the latter can only be formed from 
the radical C 5 H,„. Ethyl cjilonde is also 
formed by the action of PC) 6 upon alcohol, and 
also, to some extent, by the action of Cl upon 
alcohol. Hence the formation of ethyl chloride 
in the manufacture of chloral. 

It is a colourless mobile liquid ; has a pungent 
ethereal smell, and a sweetish taste, is in- 
flammable and bums with a green-edged flame, 
evolving HCl. It is sparingly soluble in water 
(1 part in 3000), but mixes readily with 
alcohol and ether. It dissolves phosphorus, 
sulphur, fats, oils, and many resins. It combines 
with many metallic chlorides — e.17. SbCl 6 , Fe 2 Cl 8 
— to form crystalline compounds. Mainly used 
for Ethylation m the manufacture of dye stuffs 
and drugs, and as a refrigerant and solvent. 

It is used in medicine like ether, but, on 
account of its volatility, it is mixed with an 
equal volume of alcohol, and is then known as 
* alcohohscd muriatic ether, B.P.’ It is de- 
composed at a red heat into C 2 H 4 and HCl ; 
at higher temperatures carbon separates, and 
CH 4 ,H, and HCl are set free? Strong HN0 3 , when 
boding, liberates HCl and forms C 2 H 6 NO B in 
small quantity (Thenard, Boullay). SO* absorbs 
it, forming S0 3 *C ,H 6 C1, a fuhiing liquid, b.n. 130° 
— probably the tliree isomerides C 2 H.0*S0 8 *C1, 
CH 2 *C1CH 2 *S0 2 *0H, and CH 2 (OH)*CH 2 SO.*CI 
(Purgold, Zeitsch. Chem. 1868, 609 ; Ber. 6, 602). 
When vapour of C 2 H 8 C1 is passed through 
boiling H 2 S0 4 , HCl is evolved (J (Thenard), also 
C 2 H 4 and' SO 8 (Boullay). When the vapour is 
led through a tube containing heated soda-lime, 
a mixture of CH 4 and II is evolved, and 
NaCjHjOj and Na t CO, are formed (L. Meyer, 
Annalen, 139, 282), while, according to Dumas 
and Stas, C,H 4 and NaCl are formed. On 
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AgNO^CjjHjCl has no action until after fro- 
longed contact, but even after some months 
only a very small quantity of AgCl is formed 
(Th6nard, Boullav) ; but AgCl is rapidly thrown 
down when C 2 H 6 C1 is heated with a solution of 
AgN0 3 in sealed tubes (0. G. Foster). 

Heated with bromine and iron wire at 100°, 
C«H»Br and e'thylene dibromido are formed 
(V. Meyer and Petrenko-Kritschenko, Bor. 25, 
3307). 

NH 3 has only \ slight action at ordinary 
temperatures, but on heating a mixture of NH ; , 
and C a H 6 Cl, ethylene and a deposit of NH 4 C1 are 
formod (Dumas and Stas, Ann. Ghim. Phys. 73, 
154). When a mixture of ethereal NH 3 and 
GjjH 5 Cl is exposed to sunlight, crystals of ethyl- 
amino hydrochloride separate (Stas). When 
heated with alcoholic NH a to 100° in sealed tubes, 
NH 2 (C 2 H 6 ),HC1 is also produced, together with 
traces of NH(C 2 H fi ) 2 ,HCl and N(G 2 H 8 ) 8 ,G 2 IJ 6 G1 
(Groves, Chom. Soc. Trans. 1801, 13, ”331). 
KOH slowly removes GI from G 2 H 6 Gl, yielding 
(in aqueous svl.) alcohol and KG1. Alcoholic 
KOH and (JjjH 6 G1 heated to 100° in sealed tube 
deposits KG1 and forms (C 2 H r> ) 2 () (Balard, Ann. 
Ghim. Phys. [3J 12, 302). Passed into heated 
sol. of K 2 S, ethyf sulphide is formed ; with 
alcoholic KHS, mercaptan is formed (Reg- 
nault). 

Chlorine in the sunlight yields di-, tri-, 
totra-, penta-, aifd liexa- chloro- derivatives of 
ethane (Regnault) ; of the diehloro- derivatives 
CH 3 *CHC1 2 is the mam product. If, however, 
ethyl chloride is beaded with a halogen earner, 
CHjCPCligCl is the chief product (l)'Ahns and 
Kautzsch, J. pr. Chem. [2] 1901), 80, 305 ; Staedel 
ibid. 303; Ber. 0, 1403; Meyer and Muller, 
JF. pr, Okom. [2] 40, 101). 

Trlchlorethane 0 s H,Clj. 

1. Chlorctbflvnr. ehtonde ( 'H.,C1 GHGl., ; b.p. 
115° (Pierre, Annalen, 80, 127), 113-7°"at 700 
mm. (Stadel, Ber. J5, 2503), 113-5°-114° at 
753-2 (Sohiff, Annalen, 220-07) ; sp.gr. 14223 at 
0° (P.), 1-4577 at 0-4 o /4°, 1-21)45 at 113-574° 
(Schiil, 1-4400 at 25-0°; yu A =l*471J) at 22° 
Roc =42-26 (Kanonmkow), from CJI 3 Cl (Reg- 
nault, Ann. Ghim. Phys. [2 J blT, 151), or 
CHGlg'GHj (Meyer and Muller, J. pr Chem. (2) 
46, 174), and SbCl v 

2. Ethenyl tncMrridc CH s -CClj ; bp. 74-5° 
(Geuther, J. 1870, 435); 74*1° at 700 ram. 
(Stadel, Bey. 15, 2503); sp.gr. 1-3465 at 0° 
(Pierre, Anhalen, 80, 127), 1-372 at 16° (Reg- 
nault, Annalen, 33, 317), 1-3657 at 0°, 1-3240 at 
26°; )U A =1'4199 at 21°; Roc =420 (Kanon- 
nikow) ; by the chlorination of ethyl chloride 
(Regnault, ibid. 33, 317). Decomposed by 
sodium ethoxide, giving C 2 H 2 C1-(H! 2 H 8 , C 2 H 4 0„ 

1. (m-GH 2 C1-CG1 3 ; D.p. 135° (Regnault, Ann. 
Chim. Phys. [2] 69, 162), 138-6° (Pierre, Annalen, 
80, 130), 136-1° (oorr.) (Geuther, Brockhoif, J. 
1873, 317); sp.gr. 1-6116 at 0° (P.), 1-676 
at 19° (R.), 1-5825 at 0°, 1-5424 at 26°;. ^ 
at 3=1-4772 -0-000437*; Roc =00-72 (Kanon- 
nikow). Formed by chlorination of ethyl 
chloride (Laurent, Annalen, 22, 2921 ; or action 
of Cl upon CHjGl CHClg (Recnaulf!) ; bv heat- 
ing at 110° acetylene tetraonloride and A1C1 8 
(Mouneyrat, Bull. Soc. chim. 1898, 19, 499). 


Decomposed by sodium ethoxide *• into 

C 2 HCl 2 -0-C a H 6 and 0H B (OC a H 8 )CO 2 Na. 

2. ^CHG1 2 0HC1 2 ; b.p. 147-2°; sp.gr. 
4°/4°= 1-6208, 17717°=l*wl3 ; ^ at 17*= 
l-495587±0 -000006 (Veley, Proc. Roy. Soc. 
1910, B 82, 217) ; Roc =50-6 (Kanonnikow). 
From GjH 2 and SbCl- (Berthelot, Jungfleisch, 
Annalen, Suppl. 7, 254), from dichloraldehyde 
and PCI 6 (Patemd, Pisati) ; from ethylene 
chloride and A101 a at 75° if Cl and C 2 H 2 be led 
into tho mixture (Mouneyrat) ; by long heating 
yields HG1 and C # C1 6 . 

If S 2 CI 2 and 1 p.c. of its weight of reduced 
iron be saturated with Cl, and if the excess Cl 
bo removed with C0 2 , and then dry acetylene 
bo passed in at a temperature of 40°, and the 
cyclo repeated until no more C 2 Ii 2 is absorbed, 
ay/a-tetrachloroethane, pentaohloroothane, and 
hexachloroethane are produced, the two latter 
in small quantity (Michel, Zeitsch. angew. Chem. 
1906, 19, 1095). Tho zym-tetrachlorelhane is 
distilled off from the nuxturo, either alone or 
in steam (D. R. P. 174068; Chem. Soc. Ab£tr. 
1900, i. 169). 

Pentachlorethane CHC1, CC1 3 ; b.p. 1591° 
(eorr.) ; 161 -7° at 760 mm. (Stadel) ; m.p. —18° ; 
sp.gr. 1-7089 at O ', 16920 at 10-1574° (Thorpe, 
Chem. Soe. Trans. 37, 192); y K = 1*4871 at 
25"1°; Rx = 59-05 (Kanonmkow). By action 
of chlorine upon CJl r Gl also from chloral 
and PC1 3 (Paterno, Annalen, 151, 117), or A1G1 3 
(Mouneyrat, Bull Soe. chim. 1898, 19, 200). 

Hexachlorethane CCLj-CClj (*». Carbon 
Irichlonde, art. Gab bon). 

(For mixed halogen derivatives of ethane, see 
Mouneyrat, Bull. Soc. chnu. 1898, 19, 499 ; 
Swartz, Rec. trav. clum. 17, 234 and 235 ; Bull. 
Acad. Roy Belg. 36, 519 ; ibid. 1909, 00 and 728 ; 
ibid. 1899, li. 281 ; Elba and Newmann, J. pr. 
Chem. 1898, 58, 245 ; Blitz, Bor. 1902, 35, 3524 ; 
Lemoult, Compt rend. 1903, 130, 1333 ; Besson, 
Bull. Soe. chim. (3] 11, 920 ; Nef, Annalen, 298, 
353, 354, 358, and 360 ; Thiele and Peter, ibid. 
369, 149 ; Lawrio, Amor. Chem. J. 1900, 36, 487.) 

Ethyl isocyanate, Ethyl e arbmide, 
C 2 H 6 N:C:0; b.p. 60°; sp.gr. 0-8981; heat 
of formation (Lemoult, Compt. rend. 1898, 126, 
43); absorption spectrum (Hartley, Dobhio 
and Walker, Chem. Soe. Trans. 1901, 856). 
By the action of dry KCNO upon KC 2 I1 8 S0 4 at 
180°-250° (Wurtz, Anil. Ghim. Phys. 1854 [3] 
42, 43) ; distillate is a mixture of isocyanate and 
tsocyanurate, which can easily be separated by 
distillation. By passing CNBr into absolute 
alcohol and ether (Pononiarew, Ber. 1882, 15, 
515 v ; Mulder, Rec. trav. chim. 1, 210 ; 2, 133) ; 
by passing CNBr (Mulder, ibid. 3, 306) or CNC1 
(Cloez, Compt. rend. 44, 428 ; Annalen, 102, 
355) into C 2 H 6 ONa in absolute alcohol ; by the 
action of diazomethane on si/ra-etiiylnitrourea 
(Degner and Pechmann, Ber. 1897, 30, 653) ; 
by heating the mercuric chloride derivative of 
ethyl thiolcarbamate (Anschutz, Annalen, 1908, 
359, 202). 

# In 18&> Nef (ibid. 287, 310) showed that the 
comnouna hitherto known as ethyl cyanate was 
ethyl isocyanate. Ethyl isocyanate is a mobile 
liquid having a^uffocating smell. It is decom- 
posed by avater into diethylcarbamidf, and by 


mirta * ^ 


ammonia into ethflcarbamide. 

Ethyl cyanide, Ffopionltrile C 2 H 8 C : N, 
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ra.p. • —.103 6° (Schneider, Zeitsch. physikal. 
Chem. 22, 233) ; b.p. 98 1° (corr.) (Engler, 
Annalen, 133, 163); 97 ’08° (corr.) (Thorpe, 
Chem. Soc. Tram. 37, 206) ; sp.gr. 0-8010 at 0°, 
0-7938 at 7 -3674° (Thorpe), 0-7016 at 97°/4° 
(Schiff, Bor. 19, 667) ; H. C. 446-7 Cals. (Berthe- 
lot and Petit, Compt. rend. 108, 1217) ; latent 
heat of vapourisation (Louguinine, Chem. Zentr. 
1900, i. 451) ; molecular refraction 26*10 
(Briihl, Zeitsch. physikal. Chem. 16, 214; 
Eykman, Rec. trav. ckim. 12, 172; Costa, J. 
1891, 336) ; magnetic rotation (Perkin, (’hem. 
Soc. Trans. 65, 701); crit. temp. 291 ‘2° ; crit. 
density 0 2401 (Ter-Gazanan, J. Ckim. Phys. 
1906, 4, 140). 

From Ba(C 2 H 6 S0 4 ) 3 and KCN (Pelouze, 
Annalen, 10, 249), from cyanogen chloride and 
Zn(C 2 H 6 ) 2 (Gal, Zeitsch. Chem. 1868, 252), 
from Zn(C 2 H 5 ) 2 and (CN) 2 ( Frankland and 
Graham, Chem. Soc. Trans. 37, 740), from 
propionamide and P 2 0 5 (Dumas, Malaguti and 
Leblanc, Annalen, 74, 329). By heating ethyl 
tdocyanide to 240° (Nef, ibid. 280, 290). 

Preparation. — By heating C s H r ,l with pure 
KCN and alcohol to 180° ; C 2 H fj Cl dissolved ui 
three times its weight of alcohol is heated with 
KCN to 100° or 150° (Rossi, Annalen, 159, 79). 
C 2 H 6 I is heated with KCN m closed tubes to 
180°, and the product distilled, and the distillate 
is freed from excess of C 2 H 6 1 by means of a 
solution of CaCl 2 , upon which the C 2 H fi CN 
swims, while the keaviei C 2 H r ,J sinks to the 
bottom (Williamson, Phil. Mag. [4] 2, 205; 
Gauthier, Ann. Chitn. Phys. [4| 17, 180). 

It is a mobile colourless liquid with an agroo- 
able odour, soluble in water, from which CaCl„ 
or Nad causes it to separate ; miscibility with 
water (Rothmund, Zeitsch. physikal. Chem. 26, 
453); V.D. 1-928. It combines with the 
hydracids, c.g. 11C1 ; the product C 8 H 5 NilCl 
forms monoolnnc prisms soluble m water and 
meltmg at 121° (Gauthier). HC1 gas passed 
into a well-cooled solution ol the cyanide m acetic 
acid gives acetyl chloride and C 2 H ; ,C0NH 2 ,HC1 
(Colson, Bull. Soc. clnm. [31 17, 57). Chlorine 
combines with C 3 H f> N to form dichlorpropiom- 
trile CH # -CC1 2 CN, a liquid bodv, b.p 103°- 107°, 
wliich polymerises on stamhng to a solid 
(C 3 H 3 C1 2 N) 3 . Propionitrile also forms com- 
pounds with metallic chlorides and with cyanogen 
chloride. C 3 H 5 NCNC1 is a liquid decomposed 
by water ; b.p. 60°-68° (Hem-ko, Annalen, 
106, 280). Compounds with A1C1 3 (t>. Perrier, 
Compt. rend. 1895, 120, 1423). Propionitrile is 
hydrolysed by acids or alkalis yielding propionic 
acid ; electrolytic reduction yields* n-propyl- 
amine (Ahrens, Zeitsch. Elektrochem 1896, 3, 
99). By the action of metallic sodium, poly- 
merisation ensues, the products being sodium 
cyanide, ethane, and a-iminopropionylotliyl 
cyanide (Meyer, J. pr. Chem. [2J 38, 326 ; 
45, 03). 

Ethyl isocyanide, Ethyl carbylammc 
C 2 HjN : C ; b.p. 79° ; sp.gr. 0-769 at 4°, 0*7150 
at 44*6° (Gauthier, Ann. Chim. Phys. [4] 17, 
233) ; molecular refraction 16*26 (Costa, Gazz. 
clam. ital. 22, i. 104). By the interaction ‘of 
C a H 5 I and AgCN (Gauthier, Annalen, 151, 239) ; 
by distilling KCN with Kk' 2 H 6 S0 4 , propio- 
mtrile ako being formed ; by digesting ethyl- 
amine With chloroform aid alcoholic potash 
(Hofmann, ibid. 147, fl)7h 


c lt is a colourless liquid having a very repul- 
sive Bmell. It is transformed into ipropionitrile 
by heating at 240° ; by heating with alooholic 
H*S ethylthiofonnamide is produced; with 
sulphur and CS 2 ethylthiocarbimide ; combines 
with CNC1; with C 2 H 5 C1 at —10° yields 
C 2 H & N(C1)0 *C s H r (Nef, ibid. 280, 296). HgO 
oxidises it to C 2 H & N : C : O. Yields a chloride 
C 2 lI fi N : CC1 2 , by treatment with S0 2 C1 in ether 
at —16°; an oil, b.p. 102° (Nef, l.c.). Yields 
a bromide, C 2 H iV N : CBr 2 , with bromine in 
CH01 3 . This gives ethylamine dibromide with 
water, ethyl wocyanido dibromide hydrobromide 
and ethylthiocarbimide with H 2 S, ethyl wo- 
cyamde di bromide hydrochloride with dry HC1, 
an oily ethmdide with ethyl iodide, and diphenyl- 
ethylguanidine with aniline (Guillimand, Bull. 
(Soc. chim. 1904, iii. 31, 605 ; 1905, lii. 33, 652). 
Compounds with cobaltous, ferrous, and ferric 
chlorides (v. Hofmann and Bugge, Ber. 1907, 
40, 3759). (For further reactions, v. Nef, l.c.) 

Ethyl derivatives of cyanuric acid. Although 
cyanunc acid exists in only one .modification, 
probably the i«o-(Il.) esters derived from the 
tautomeric forms (I. and II.) are known. 

N N*H 

/\ /\ 

• HOC COH 0:C C:0 

I. II I II. I I 
N' N .. H.N N.H 

\> \/ 

COH C:0 

Normal. - Iso. 

Ethyl cyan ui ate (C 2 H 5 ()CN) 3 ; m.p. 29°, 
b.p. 275° (Claesson, J. pr. Chem, [2J 33, 131). 
By action of CNC1 on C 2 ll 5 ONa (Hofmaxm. 
Ber. 19, 2061); also from C 2 H fi ()Na (3 mols.) 
and trimethyl eyanurato (H) ; from CNI or 
CNBr and C 2 H J (Ponomarew, Bull. Soc. chim. 
[n.] 41, 316) ; by heating the lead salt of the 
diethyl ester (P.) ; together with ethyl iso- 
cyan urate by treating silver eyanurato with 
C.,H S I (C., P.); from di-potassium cyanurate 
arid C 2 H n l (P ). 

Oily liquid readily soluble in alcohol, ether, 
CHClg and CS 2 , aparmgly so in water. Con- 
sorted into ethyl wocyanurato by long heating 
at 180°-200 0 ; yields cyanunc acid with HC1, 
cyanuric chloride with UC1 6 , melamine with 
strong ammonia and the diethyl ester with 
baryta water. 

Diethyl cyanurate , Diethylcymuric acid 
HO(CN) 3 (C 2 H 5 ) 2 (Ponomarew, Ber. 18, 3267 ; 
Hofmann, ibid. 19, 2077). By warming ethyl 
cyanurate with concentrated baryta water ; by 
treating methyl cyanurate or mono -potassium 
cyanurate with C 2 H 6 I. ‘ 

Thick plates from water, insoluble in ether, 
spanngly soluble in alcohol. Decomposes on 
heating into diethyl, wocyanurate ; yields 
cyanuric acid on warming with HC1. Pb salt 
and C 2 H 6 I yield triethyl cyanurate, but if 
C 2 H 6 1 contains free 1, triethyl wocyanurate also 
formed. 

Ethyl isocyanmate, * Tnelhylearbmide 
(C 2 H 5 NCO) 3 ; m.p. 95° ; b.p. 276° ; absorption 
spectrum (Hartley, Dobbie and Walker, Chem. 
Soc. Trans. 1901, 849); heat of formation 
(Lemoult, fc Compt. rend. 125, 869). By poly- 
merisation of CjHjNCO (H. D? and W.) ; -also 
from potassium oyanate or cyanurate, or from 
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Pb salt of the diethyl ester and K0.H 5 &p ; 
by heating ethyl oyanurate at 180 -200° ; 
together with ethyl oyanurate from silver 
oyanurate and C,H Pl I (Habioh and Limpricht, 
Annalen, 109, 102). 

Rhombio prisms (Rammelsborg, J. 71857, 
273 ; Foot, Ber. 19, 2076) moderately soluble 
in hot water, ‘readily so in alcohol. KOH 
yields N(CjH 8 )H a and K 2 C0 3 . 

Diethyl isocyan%Yatc, Diethylcyanuric acid 
H(NCO) 3 (C s H 8 ) 2 , m.p. 173°. Obtained in pre- 
paring the triethyl esuer (Habioh and Lim- 

E rioht, l.c.) ; together with cyanuric acid by 
eating anhydrous mono -potassium oyanurate 
with CjHgl at 170°- 180° (Ponomarcw, Ber. 18, 
3270) ; bj heating diethyl cyanurato (Hofmann, 

Hexagonal columns, readily soluble in hot 
water, alcohol, and ether, sparingly so in cold 
water. Yields C0 2 and N(C 2 H 8 )H 2 by heating 
in a sealed tube at 100°. Pb salt and C 2 H 8 l 
yield ethyl fsoeyanurato. 

Ethyl’ diketobuiyrate v. Ketones. 

Ethyl ferrocyanide (C,H 6 ) 4 Fe(ON) a . From 
Ag 4 Fe(CN) 6 and C 2 H 5 I (Freund, Ber. 21, 036). 
Rhombic crystals from C1IC1 3 , easily solublo in 
water and alcohol* insoluble in ether, ligroin, 
and OS.,. Decomposed at 21 2°— 214°, with forma- 
tion of ethyl fsocyanide. The aqueouR solution 
givos a deep violet tint with Fe01 : „ and a white 
precipitate with # HgCl 2 . Molecular weight by 
cryoscopic method indicates the monomolcoular 
formula (Buchbook, Zeitsch. phvsikal. Chom. 
23, 167). 

Ethyl fluoride 0 2 H r ,F. Obtained impure by 
action of CaF a and H 2 S0 4 upon 0 2 H r,OH (Reinsdi, 
J. pr. Chem. 1840, 19, 314) ; by heating KC 2 H 5 S 4 
and KF’HF (Fremy, Compt. rend. 1864, 38, 
303). Prepared pure from AgF and 0 2 H r> I 
(Moissan, Ann. Chim. Phys. 1890, [6] 10, 272) 
Colourless gas with ethereal odour, liquefying 
at —32° under atmospheric pressure. Burns in 
air with a blue flame. Readily soluble in 
(J 2 H 6 Br, CjH-J, CjjII fi OH, and ether. Decom- 
posed at 100° by heating with KOH in a sealed 
tube into KF, C 2 H 5 OU, and ether. 

Ethyl formamlde H CONHC a H„ ; b.p. 100° ; 
sp.gr. 0*952 at 21°. By distilling an aqueous 
solution of H , COONH 3 (C 2 H, J ) ; separates frftm 
distillate upon addition of KOH (Linnemann). 
By action of NH 2 (C 2 H 8 ) upon CONCHO 
(Hofmann, Ber. 6, 247) ; a thick colourless 
liquid. 

Ethyl formate H*C0 2 C 2 H 8 ; b.p. 64-4° at 
700 mm., sp.gr. 0*9376 at 0°/4°; b.p. 53*4°- 
63.6° at 764*4 mm., sp.gr. 0*8731 at 63*474° 
(R. Schiff, Annalen, 220, 106) ; b.p. at 760 mm. 
54*3°, sp.gr. 0*9480 at 0°/4° ; critical tempera- 
ture, 236*3°; critical pressure, 36,660 mm. 
(Young and Thomas, Chem. Soc. Trans. 1893, 
1193). Capillarity constant at boiling-point, a 2 
= 4*628 (Sohiff, Annalen, 223, 75) ; H.C. p. 
388 cals. (Berthelot, Ogier), 391*7 (Del6pine). 

By distilling a mixture of 6 parts alcohol (90 

S c.), 7 parts sodium formate ana 10 parts (cone.) 

2 S0 4 (Liebig)* by distilling a mixture of ethyl 
oxalate with oxalic acid (Lowig, J. 1861, 599) ; 
by heating a mixture of glycerol, oxalic acid, 
and alcohol in a reflux condenser, aijd then dis- 
tilling (Lorin, Bull. Soo. chim. [ii.] 9( 12). On the 
large scale a thixture of 9 parts of starch and 
29 parts of MnO a (of 86 p.o.) is heated with 28 
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parts of HgSOj, 6 parts B.O, and 15 parts of 
aloohol (85 p.o.) (Stinde, Dingl. poly. J* 181, 
402). 

A mobile colourless liauid with a pleasant 
aromatic smell ; is used tor flavouring arrack 
and rum ; is decomposed by water, for whioh it 
has strong affinity. Sodium in absolute ether 
decomposes it into CO,H and C 2 H B ONa (Freer 
and Snerman, Amer. Chem. J. 18, 681). Cl 
forms with it in Bunlight dichlorethyl formate 
H*C0 2 C 2 H 8 C1 2 , a colourless oily liquid, decom- 
posed on heating, and which by action of 
alkalis is decomposed into acetic, formic, and 
hydrochloric acids. By further action of Cl in 
sunlight, percMorethyl formate C1*C0 2 C 2 C1 6 , b.p. 
200°, sp.gr. 1*705 at 18°, is formed (Cloez, Ann. 
Chim. Phys. [31 17, 297) 

Ethyl hydrate v. Alcoiiol. 

Ethyl hydride, Ethane, Dimethyl C 2 H 8 
(Frankland and Kolbe, Chem. Soo. Trans. 1, 60) ; 
m.p. - 171*4° ; b.p. at 749 mm. —85*4° (Laden- 
burg and Kriigel, Ber. 32, 1821), —172*4° and 
—84 1° (Cardoso and Bell, .1. Chim. Phys. 1912, 
10, 497), —88*6° (Maaas and McIntosh, J. Aufbr. 
Chem. Soc. 1914, 36, 737), -89*3° (Burrell and 
Robortson). Gas : sp.gr. 1 *036, condensed at 
4° and 46 atmospheres pressure (Cailletet, J. 
1877, 68); critical constants (v. Hainlen, 
Annalen, 282, 246 ; Olszewski, Ber. 1894, 27, 
3306 ; and Keunen, Chem. Zentr. 1897, ii. 
540 ; Cardoso and Bell, l.c.) ; heat of vaporisa- 
tion 14*0-4- 10 10 ergs per mol. ; density at the 
bp. 0*6490 (Maass and McIntosh, l.c.) ; sol. in 
water at 1° 

9 *4656 -0 *36324/ + 0 -0062787 2 

(1) l()0 

8 *7 10 — 0 *33242/ -{-0 *00603/ 2 

(2) " 100 


(1) Sehickendants (Annalen, 109, 116), (2) 
Bunsen (Gasometrv). Sol in alcohol =1*6 
(Berthelot, J. 1867,“ 344); H.C. p. 373*3 Cals. 
(Th.)=372*3 (Berthelot, Ann. Chim. Phys. [6] 
30, 659); H.F. (from amorphous C)= 1 1 *7 
Cals. (B.) ; occurs in crude petroleum. 

Pittsburg gas consists or ethane mixed with 
a little CH 4 and CO a , and is uBed for smelting 
and lighting purposes, 

By action of K upon C«H 8 CN, also by action 
of water upon Zn(C 2 H 8 ) 2 (Frankland and Kolbe, 
Chem. Soc. Trans. 3, 338) ; by action of Zn upon 
C 2 H 5 I in presence of water ; by electrolysis of 
acetic acid or acetates (Kolbo, Ann&len, 69, 279) ; 
by heating 9 parts of C 2 H 8 I with 2*6 parts of* 
AIC1 3 to 140° or 160° (Kohnlein, Ber. 16 562) ; 
by action of Hg(C 2 H r ,) 2 upon H 2 S0 4 (Schorlem- 
mer, Annalen, 132, 234) ; by heating an excess 
of Ba0 2 with acetic anhydride and sand (Schiit- 
zenberger, Zeitsch. Chem. 1865, 703 ; Darling, 
Annalen, 150, 216) ; by the action of nascent 
H (from ZnCu couple or Zn dust) upon a mixture 
of C 2 H 6 I and CjHV.OII (Sabanejeft, Ber. 9, 810). 
By combining C 2 H 4 or C 2 H» with H in presence 
of reduced Ni (Sabatier and Sendcrens, Compt, 
rend. 124, 1360; 128, 1173). Ethane is now 
produced on an industrial scale by means of 
ihis reaction carriod out under pressure. For 
details of the process, see Sprent (J. Soc. Chem. 
Ind. 1913, 171). From EtI and potassium 
hydride in sealed tubes at 180°-200° (Moissan, 
ibid. 134,* 389). -Reduced Ni at 3J5° breaks 
ethane up into C and QH 4 (Berthelot). 
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Etjiyl Iodide C 2 H b I (Gay-Lussac, Am. Chim. 
Phys. [1] 91, 89 ; Seruliae, ibid. [2] 25, 828 and 
42, 119 ; Frankland, Chem. Soc. Trans. 2, 263 ; 
3, 32); m.p. -118° (Schneider); b.p. 72-34° 
(Linnemann, Annalen, 160, 204), b.p. 71-3° 
(Andrews), 72-57° (corr.) (Thorpe and Rodger), 
71-n°-72° (Linebarger) ; sp.gr. 1*9444 at 14-6° 
(L.), 1-9755 at 0° (Pierre), 1*9309 at 15° (Mende- 
locff), sp.gr. 1-1810 at 72-2°/4° (Schiff), 
sp.gr. 1-9053 at 4°, 1-9433 at 16°, 1-9243 at 26° 
(Perkin) ; V.l). 5-417 (Marchand). 

From alcohol and HI (Gay-LuBsac) ; from 
alcohol, iodine, and phosphorus (Serullas). Per- 
sonne (Corapt. rend. 42, 468) suggested the use 
of red P, and, according to Beilstein (Annalen, 
126, 250), 1 part red P and 5 parts of alcohol 
(90 p.e.) are placed in a retort, and 10 parts of 
iodine slowly added. After 24 hours the C 2 H r ,T 
iH distilled off, washod with NaOH solution and 
with water, and dried over CaCl 2 . Crismor 
(Bor. 1884, 049) dissolves 1 m liquid paraffin 
adds yellow P and then alcohol. Walker 

S im. Soc. Trans. 1892, 717; (f. ibid. 1905, 
i) obtained a 93 p.r. yield from alcohol, 
iodine, and equal parts of red and yellow phos- 
phorus (cf. Adams and Voorhees, J. Amer. Chem. 
Hoc. 1919, 41, 789). Prepared in quantitative 
yield by adding Et 2 S0 4 slowly to a warm con- 
centrated aqueous solution of K1 (Weinland 
and (Schmid, 1). R. I 1 . 175209). Also from action 
of HI upon ether (Oottrel Rogers), and together 
with iodoform and Nal by electrolysis of a solu- 
tion of 20 grams C 2 H 6 CO()Na, and 20 grams K1 
in 20 c c of water (Miller, Hofer, and Remdel). 

C B H r ,L is a colourless, pleasantly smelling 
liquid, almost insoluble in water, but miscible 
with alcohol and ether. It precipitates silver 
from its solutions in the cold, easily forms double 
compounds witli silver Halts, metals, and am- 
monia. Br displaces the I, and forms C 2 H r ,Br ; 
01 forms (! 2 H.01 (l)umaH, Stas, Annalen, 35, 
162) 101 forms 0 2 U 5 01 and 1 2 . HOI has no 

action, but, on the contrary, 0 2 H 2 0J is decom- 
posed by HI into 0„H n I and llOl (Lieben, 
Zeitsoh '(’hem 1868, 712). By action of HI 
at 150", ethane and iodine are formed. HNU a 
also causes the separation of I (Marchand, J. pr. 
Ohem 1884, 33, 186). Metallic Ag abstracts 1, 
and leaves butane (C 4 H 10 ) By beating with 
water to 150°, we get alcohol (ReynoBo, ,1. 1856, 
667) ; with excess of alcohol yields ether ami 
some 0 2 H 4 (Lieben, Rossi, Annalen, 158, 166). 
Is gradually turned brown by exposure to light, 
owing to formation of free J and liberation of 
butane (Frankland, ('hem. Soc. Trans. 3, 322). 
In presence of mercury the reaction js much 
more rapid, owing to combination of the liberated 
I with Hg. Is used largely for the preparation 
of other ethyl compounds. 

Ethyl nitrate (! 2 H 5 ON0 2 , Nitric ether ; m.p. 
— 112° (Schneider); b.p. 86'3° at 728*4 mm.; 
sp.gr. 1-1322 at 0°, 11 123 at 15-6" (Kopp, 
Annalen, 98, 367); b.p. 87-0°; sp.gr. 1 1305 
at 4°, 1-1159 at 15°, M044 at 25° (Perkin) ; 
H.F.p. = 40,870 ; H.F.v. = 38,750 ; H.C. - 
325, 690 (Th. 4, 214). Obtained from alcohol 
’ey the action of nitric acid in presence? of some' 
substance which will destroy nitrous acid, \.g. 
urea (Mdlon, Ann. (Jhim. Phys. [3] 8, 233). 

Preparation. — 400 grams of plire nitric acid 
(wp.gr. l-4<t previously heate^i with 1 p.c. of 
m-ca in order to destroy losver oxides of nitrogeft) 


are f mixed with 300 grams absolute alcohol and 
100 grams of urea nitrate, and distilled ; when 
half the liquid has distilled off, a mixture of 
400 grams of nitric acid and 300 grams of alcohol 
is allowed to drop into the retort and the distil- 
lation ^continued (LoBsen, Annalen, Suppl. 0, 
220). 

Silver nitrate, heated with ethyl iodide (or 
bromide) and alcohol, yields, not ethyl nitrate, 
but the nitrite, together with aldehyde (Bertrand, 
Bull. Soc. chirn. 33, |ii.] 56(j). If, however, EtI 
be added gradually to powdered AgNO., kept 
cool, a theoretical yield of EtN0 3 is formed 
(Von Biron, J. Russ. Phys. Chom. Soc. 30, 667). 

Ethyl nitrate is a colourless liquid with 
pleasant odour and taste ; almost insoluble in 
water, but miscible with alcohol and ether. 
Ammonia forms ethylaraine nitrate ; nascent 
hydrogen yields hydroxylamine and other bases 
(Losson). Sulphuretted hydrogen yields mer- 
captan (Kopp, Annalen, 64, 320). Alcoholic 
potash decomposes it with separation of crystals 
of potassium nitrate. , , 

Ethyl nitrite C„H 6 0-N(), Nitrons ether ; b.p. 
16-4° (Liebig), 17° (Mohr, J. 1854, 561 ; Brown, 
Pharm. J. 15. 400), 17’5° (Dunstan and Dy- 
mond, ibid. 18, 861); sp.£r. 0’900 at 15'5° 
(Br.); 0 917 at 0°/0° (D. and I).); H.F.p. 
= 30.610 ; H.F.v. = 28,870 (Th. 4, 217). 

This body was discovered in 1681 by Kunckel. 
Obtained from alcohol by actibn of nitric acid, 
especially in presence of some oxidisable matter, 
e.g. coppor. 

Preparation. — 500 grams of potassium nitrite 
and 1 litre alcohol (45 p.c.) are mixed and 
cooled by means of ice ; a mixture of sulphuric 
acid (500 grams), water (500 grams), and alcohol 
(500 grams) is then slowly dropped in, the heat 
produced volatilises the other, which is con- 
densed in an efficient condenser (Feldhaus, 
Annalen, 126, 71). Dunstan and Dymond 
(l.c.) recommond that 34 '5 grams sodium nitrite 
in 120 grams water be slowly mixed with a 
mixture of 13 '5 grams of sulphuric- acid with 32 
grams alcohol and about 75 c c. water kept cool 
by ice. The ethyl nitrite separates out as a 
layer floating on the surface. As thus prepared, 
th^ liquid contains only traces of alconol, from 
which it is freed by shaking with water. Alkali 
ethyl sulphates react with alkdi nitrites, yielding 
nitrous ester and mtroethane (Ray ana Neogi, 
Ghem. Soc. Trans. 1906, 1900). Also formed By 
the interaction of MgS0 4l NaN0 2 , and C 2 H 6 OH 
(Matuschok, Chem, Zeit. 1905, 29, 115). 

Ethyl nitrite is a mobile liquid with a plea- 
sant ethereal smell and taste, liable to undergo 
decomposition, especially in presence of water. 
It can be preserved if mixed with alcohol and a 
small quantity of glycerol. It is decomposed 
by sulphides in accordance^ with the following 
equation : , 

C 2 H 5 NG 2 -F3H 2 S=NH 3 -fC 2 H 6 0-fH a 0-f3S 
(Kopp, Annalen, 64, 321). 

It is slightly soluble in water and miscible 
with alcohol. Mixed with alcohol it constitutes 
the 1 sweet spirit of nitre,’ spiritm cetheris nitrosi , 
of the British Pharmacopoeia, which is thus pre- 
pared : To ,1000 millilitres of alcohol (90 p.Q.) 5 
add gradually 100 millilitres of sulphuric acid, 
and then 125 millilitres of nitric ^acid, stirring 
constantly. Transfer the mixture to a retort or 



flink, in which 100 grams of coppei; in fragments 
have been placed, and to which is attached an 
efficient condenser with a receiver containing 
1000 millilitres of 60 p.c. aloohol. Surround the 
receiver with ice-cold water and distil gently at 
a temperature which is at first about 77°, and 
rises to 80°, but does not exceed 82°, until the 
volume of liquid in the receiver has been in- 
creased to 1600 millilitres. Then allow the con- 
tents of the retost to cool, add 25 millilitres of 
nitric acid, and resume the distillation until the 
liquid in the receiver is increased to 1700 milli- 
litres. Mix this liquid with 1000 millilitres of 
the alcohol so as to make the whole contain 
2*66 p.c. of ethyl nitrite. 

Ethyl oxalylsuccinate v . Ketones. 

Ethyl oxide (C 2 H 6 ) 2 0, Ether, Ethyl ether, 
Vinic ether ; formerly called Sulphuric ether , 
Phosphoric ether, & c., according to the acid 
used in its preparation; m.p. 1 17'()° (Archi- 
bald and McIntosh), m p. - 112*6° (Ladonburg, 
and Krugel) ; b.p, 34*07° (Regnault), 34*6° at 
762 mm.r. (Schiff, Annalcn, 220, 332), 34*9° 
(Kopp) ; sp.gr. 0 7360 at 0°, 0*7185 at 17*5° 
(Hager), 0*6950 at 34 *6 0 /4° (Schiff), 0*7024 at 15°, 
0*7099 at 25°/25°, 0*7201 at 15715° (Perkin, 
Chem. Soc. TraV 45, 474), sp.gr. 0*7 J 982 
at 15°/i5° (Wade and Fmnemorc), sp.gr. 
0*7183 at 17*1° (Bruhl), sp.gr. 0 70942 at 25° 
(Linebarger) ; M.M. — 4 777 afc 20° . freezes at 
—129° to a crystalline mass, which melts at 
— 117*4° (Olzewski, Monatsh. 5, 128); capil- 
larity constant at b.p. a 2 = 4*521 (Schiff) ; 
f!. at 17*5° — 8; critical temperature, 194°; 
critical pressure, 35*61 atmospheres (Ramsay 
and Young). 'Vapour tension 67*49 mm. at 
—20°; 182*34 mm. at 0"; 286*4 mm. at 10°; 

’ 433*2 at 20° ; 636*3 at 30°. 

The preparation of ether from alcohol ami 
sulphuric acid was first descnlied by Valerius 
Cordus (1540), and the method of making tins 
‘ oleum vitroli dulce ’ was published in 1552 
by Conrad Gessner. Frobomus, 1730, named 
it sulphuric ether. Val. Roso (Keher. J. 4, 253) 
showed that it contained no sulphur, but its 
composition was first made out by Saussure 
and also by Dumas and Boullay (Ann. Clnm. 
Phys. [2] 30, 294). Its constitution was Jirst 
studied by Liebig (Annalen, 60, 31 ; 23, 39) 
and Regnault (Ann. Ohim. Phys. [21 71, 352). 
Williamson, in 1850-51 (B. A. 1850, 65, and 
Phil. Mag. [3J 37, 350), established the views 
now held* as to its constitution and formation. 

Formation . — From alcohol, by action of 
phosphoric or arsenic acid ( Boullay) ; by 
action of boron fluoride (Dosfosses, Ann. 
Chira. Phys. [2] 36, 294); of ZnCl 2 (Masson, 
Annalen, 3.1, 63) ; # of SnCl 4 , and other metallic 
ohlorides (Kiihlmang, ibid. 33, 97, 192). From 
aloohol by heat ing^ with dry NH 4 C1 to 260°~400° 
(Berthelot, Annalen, 83, 110). From C 2 H 8 NaO 
and O.Hgl (Williamson). From alcohol and 
HC1, HBr, or HI at 200° or 240°, or by heating 
alcohol with ZnCl 2 , SnCl 4 , HgCl 2 , CaCl 2 , MgS0 4 , 
or chrome alum to 300° (Reynoso, Ann. Ohim. 
Phys. [3] 48, «85). Also from C 2 H 5 Br or C 2 H B I 
and HgO (Reynoso) , or from C 2 H. S I and Na 2 0* 
(Green, Bull. Soc. chim. [ii.] 29, 458). 

The continuous method now adopted is due 
to Boullay (J. PJmrm. Chim. 1, 9f), and the true 
explanation* of the action was first given by 
WfUiwnson (l.c.). The alcohol and sulphuric acid 


first form CJLHSO* sad HgO, and ihaikhy the v 
action of C g H 8 HS0 4 upon more alcohol, (C,H 5 ) t O 
and H 2 SG 4 are formed. That this is true 
Williamson proved by using amyl sulphuric acid 
and ethyl alcohol, when amyl-ethyl ether was 
produced (cf. Prunier, J. Pharm. Chim. 1897, 

5, 513). Addition of A1 2 (S0 4 ) 3 increases rate of 
production of ether owing to catalytic action 
(Senderons, Oompt. rend. 1910, 151, 392). 

Preparation. — Boullay’s method is usually 
employed. A mixture of 9 parts H 2 S0 4 with 5 
parts of alcohol (90 p.c.) is placed in a retort, 
and alcohol is slowly dropped in and the tem- 
perature is maintained between 139° and 140°. 
An iron retort lined with lead is usually em- 
ployed, and the ordinary mercurial thermometer, 
which is, of course, liable to fracture, is replaced 
by a bulbed tube containing somo non-drying oil. 
The tube is then either exhausted by the air- 
pump, and hermetically sealed, or its open end 
is closed by a plug of cotton wool, and two marks 
are made on Ac tube corresponding to positions 
of the surface of the oil at 130° and 140° respec- 
tively. In order to avoid risk of explosion by 
contact of the vapour with direct flame, coils of 
lead tubing, conveying superheated steam or the 
vapour of some liquid of nigh boiling-point (e.p. 
coal-tar phenol), are used as a source of heat. 
The distillate is treated with milk of lime or so- 
lution of soda in order to remove the S0 2 which 
is always simultaneously formed. It is then 
rectified in an apparatus devised by Mohr, 
which consists of a still from which the vapour 
is led through a vessel kept at 38° by warm 
water. Here the alcohol and water vapours are 
condensed, and the ether passes over, and is 
condensed in an efficient condenser. 

By means of an apparatus dovised by Sou- 
beiran, ether can be prepared in a fairly pure 
state by one operation. A mixture of about 
30 lbs. of H 2 S() 4 with 20 lbs. of alcohol of 85 p.c. 
is heated rapidly to 130° in a copper still, to the 
bottom of which two tubes convey alcohol from 
a tinned copper reservoir. The nock of the re- 
tort (which is of lead) is connected with the first 
oondensor, which is a copper vessel kopt warm 
by allowing the waste water from the worm tub 
(where the ether is condensed) to flow over the 
outsido of it. Here the steam and vapour of 
alcohol are condensed, and the liquid formed can 
be drawn off from below by means of a stopcock. 
The ether vapour then passes on to the purifier, 
which consists of a vessel filled with wood char- 
coal saturated with a solution of caustic soda, 
which not only removes the SC> 2 , but also absorbs 
the oil^of wine. The pure ether passes on, and 
is condensed in a well-cooled worm. The 
greatest yield of ether is obtained at I40°-145° ; 
below this temperature the yield is less, and 
above this much S0 2 is evolved (Prescott 
and Norton, Amer. Chem. J. 6, 243). Other 
apparatus have beon described by Annara- 
tone (Fr. Pat. 408089 ; J. Soc. Chem. Ind. 
1910, 692), Fritzsche (Zeitsch. anal. Chem. 
1897, 36, 298), Barbet et fils et Cie (Fr. Pat, 
479435, 1914). Sulphuric acid has been largely 
replace! by benzenesulphonic acid m this pre- 
paration (Krafft, Ber. 26, 2831 ; D. R. P. 
69115; Frdl iii. 11). 

Comjnorcial ether contains water, aloohol,, 
aldehyde, methjd compounds, ketotfcs, and vinyl 
llcohol. A. J. Jones#(Pharm. J. 1919, 103, 71) 
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found tjiat in commercial samples, methyl corn* 
pounds range from 0*02 to 0*06 p.c., sp.gr. 
0*7182-0*7211, and ketones (as acetone) from 
0*09 to 5-0 pts. per 10,000. Vinyl alcohol may 
be removed by shaking with water or treat- 
ment with bromine, phenylhydrazine, or 
potassium hydroxide (Poleck and Thiimmel, 
Ber. 22, 2863), and the other impurities by 
treatment with dry Fe(OH).,, prepared from 
crystallised FeS0 4 , and an equimolecular weight 
of powdered limo (Gaborini, Bull. Assoc. Chim. 
Suer. Dist. 1909, 26, 1165) ; by treatment with 
potassium hydroxide and powdored potassium 
permanganate, and finally drying with calcium 
chloride (Fiorz ; Wade and Finnemoro, Chem. 
Soc. Trans. 1909, 1842 ; Francois, Chem. 
Zentr. 1897, ii. 144 ; Fritsch, Chem. Zeit. 1909, 
33, 759). Phosphorus pentoxido may be 

substituted for calcium chloride (Lieben, Anna- 
len, Suppl. 7, 218). (For other methods, v 
Guigues, J. Pharm. Chim. 1906, 24, 204 ; and 
Ekenberg, Zeitsch. anal. Chom. 36, 245.) 

According to tho B.P., 1914, ordinary ether 
should have a sp.gr. of 0*726, J 5°/15°, and boil 
between 34° ana 36°. Purified ether (AScthcr 
purificatus of the B.P.) should give no yellow 
colouration with solid potassium hydroxide in 
the dark, or with a solution of freshly prepared 
solution of potassium iodide. To test for 
presence of methyl compounds shake 2 vole, of 
the ether with 1 vol. of 20 p.c. alcohol and 1 vol. 
of water, allow the mixture to separate, and 
draw off the lowor layor. Mix 5 millilitres of 
this lower layor with 2*5 millimetres of an 
aqueous solution (1 in 50) of potassium per- 
manganate and 0*2 millilitre of sulphuric acid. 
At the end of 3 minutes add 0*5 millilitre of an 
aqueous solution (9*6 in 100) of oxalic acid, 
followed by 1 millilitre of sulphuric acid, and 
then by 5 millilitres of decolourised solution of 
fuchsin, and mix thoroughly. No violet colour 
should be produced within 20 minutes. 

Wade and Finnemore (l.c.) find that ether 
and water form a binary mixture, b.p. 34*15°, 
containing 1*3 p.c. water, and that slight, traces 
of alcohol greatly increase tho solubility of 
water in ether. J gram ether dissolves 0*023 
gram water at 15°-20° and 0*019 at 10° (cf. 
Nohunke, Zeitsch. physikal. Chem. 14, 331 ; 
Napier, Bull. Soc. chim. 29 | ii-1 129); 1 gram 
water absorbs at 0°, 0*12465 ; at 10°, 0*09599 ; 
at 20°, 0*07487 ; at 30°, 0*06370 gram ether 
(Sehunko, l.c. ; Tolloczko, Ber. 28, 808 ; Klob- 
bie, Zeitsoh. physikal. Chem. 24, 615 ; Osaka, J. 
Soc. Chem. Ind. 1909, 625). If othor be shaken 
with an equal volume of CS 2 , a turbidity is 
produced if water be present. A bettor test is 
with anhydrous copper sulphate or amalgamated 
aluminium. 

Decompositions. — Ft black, Cr0 3 or HN0 3 
oxidise ether to acetic acid; ozone produces 
othyl peroxide. Ether vapour and air at 100°, 
in the presence of a copper catalyser and plati- 
num-black, yield acetaldehyde and formalde- 
hyde (Orlow, J. Russ. Phys. Chem. Soc. 1908, 40, 
799 ; cf. Legler, Annalen, 217, 392). When 
ozonised oxygen is passed into ether, a solution is 
obtained containing C 2 H 2 0 4 , C 2 H 4 0n, and H 2 6 2 , 
also a small quantity of CH 2 0 2 (\ W. Wnght). 
Ether combines with H 2 S0 4 to form CjjH^HSO* ; 
by action offlOg we first get (CjJI 6 ) 2 S0 4 , but by 
excess of S0 3 , CjHgHSjOyttfid a small quantity 


of acbody oi the composition CH l (SO,0|H s ) t 
are formed. When ether is heated witn water 
and a small quantity of H 2 S0 4 to 150°-180% 
alcohol is formed (Erlenmeyer, Zeitsch. Chem. 
1868, 343). According to Lieben (Annalen, 165, 
136), the reaction goes on, though very slowly, 
without H 2 S0 4 , ana at the ordinary temperature. 
Ether combines easily with HI and yields C 2 H 8 1 
(Silva, Bor. 8, 903), and is decomposed by heat- 
ing with zinc-dust into C 2 H 4 end water (Jahn, 
Monatsh. 1, 675); bromine and aqueouB ether 
yield bromacetaldehyde (Maugin, Compt. rend. 
1908, 147, 747). 

Instances of the spontaneous explosion of 
ether on heating are not unknown, due probably 
to tho presence of ethyl pero.xide produced by 
autoxidation. Ether occasionally contains hy- 
drogen peroxide and acetaldohydo and a 
relatively largo amount of vinyl alcohol (Kassner, 
Arch, i’harm. 1912, 250, 436). Hydrogen 
peroxide may be detected by the immediate 
red colouration produced whqn 5 c.c. is treated 
with 1 c.c of N/10 potassium thiooyanate solu- 
tion and 2 drops of a 5 p.c. freshly prepared 
acidified solution of ferrous ammonium Bulphate 
(Diefczo, Apoth. Zeit. 1915, 30, 165). Thero 
should bo no liberation of iodine when 2 c.c. of 
a 10 p.c. solution of cadmium potassium iodide 
are shaken with 10 c.c. of the Bample. Per- 
oxides or . pproyidised compounds may be 
formed in other when improperly stored. The 
degree of oxidation is dependent upon the 
nature of the container, the purity of the ether, 
the amount of air present., and, in the ease of* 
glass containers, the intensity of the light 
which accelerates the oxidation. Peroxides 
may be removed by means of ferrous hydroxide 
or by shaking with mercury. 

Mixtures of ether vapour and air explode 
when heated to about 190° if the amount of 
ether in the gaseous mixture reaches 1 gram 
per litre. 

A hydrate (C 2 H 6 ) 2 0,2H 2 0 is known ; it is a 
solid body, which only exists below —3*5°, and is 
obtained by the rapid evaporation of aqueous 
ether on filter paper (Tanret, Bull. Soc. chim. 
30, 605 ; Compt. rend 87, 765). Dry ether 
and chlorine at —80° yield a white crystal- 
line chloride (C 2 II 5 ) 2 OCI 2 , m.p. —51° ; bromine 
similarly yields a reddish-yellow bromide 
(C,H n ) 2 OBr 2 , m.p. —40° (McIntosh, Chem. Soc. 
Trans. 1905, 789). A bromide (C 2 H 6 ) 2 OBr 8 , 
red plates, m.p. 22°, is also known (Schutzcn- 
bergar, Annalen, 167, 86). 

Ether combines with various metallic salts 
and forms crystalline - bodies, e.g. BeCl 2 , 
2(C 2 H s ) 2 0, large prisms (Atterberg, Ber. 9, 
856) ; HgBr a ,3(C 2 H B ) 2 0 (NicftDspJ. 1861, 200) ; 
AlBr 3 ,(C 2 H 5 ) 2 0 (N.). TiCl # (C 2 H 6 ) 2 0 ; crystal- 
line ; m.p. 42°-45° ; b.p. 118°- 120°, decomposes 
into TiCl 3 (OC.,H B ) (Beds on,. Annalen, 180, 236 ; 
Chora. Soc. Trans. 1876, 1, 311). 

Properties . — A colourless mobile liquid with 
leasant smell. Volatilises very quickly, and 
y so doing produces great cold. It is extremely 
inflammable, and its vapour, which is very 
heavy, forms an explosive mixture with air. 
Ether is readily soluble in concentrated HC1 
solution (Draper, Chem. News, 35, 87), and in 
concentrated H 2 S0 4 ( from which itis separated 
by addition of ice (Riedel, D. RT P. 52982, 
Frdl. ii. 551). It is miscible with almost all 
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organio liquids, and with liquid CO t . ^ is a 
good solvent for resins, fats, alkaloids, &c., and 
sulphur and phosphorus dissolve in it to a small 
extent. It also dissolves I and many salts, 
e.g. Fe 2 Cl 8 , HgCl 2 , PtCl 4 , and many gases, not- 
ably ammonia. 

In laboratories ether should always bo kept 
over mercury or sodium in completely filled, 
well-stoppered bottles, preferably made of blue, 
green, or brown .’glass, in cool places excluded 
from the. light (,cf. Baskerville and Hamor, 

J. Ind. Eng. Ohem. 1911, 3, 301 el *eq. ; J. Soc. 
Chom. Ind. 1911, 830). 

Its vapour when inhaled producos insensibi- 
lity (Faraday, 1818), and it is used as an an (es- 
thetic in surgery. It is also occasionally used in 
surgery for producing local anaesthesia ; tliis is 
done by directing a spray of ether upon the 
skin, when the extreme cold produced by evapo- 
ration produces eomploto insensibility. 

It is also used as a solvent in the preparation 
of collodion, in thy. extraction of tannic acids, of 
several ajkaloius, &c. 

Chlorine acts v olently upon ether, Rotting firo 
to it, and liberating carbon (Cruikshank) Tf the 
ether be kept cool by ice, and in the dark, sub- 
stitution products are obtained. The Cl replaces j 
the K atom by atom from one ethyl group first, 
in the following order: CH HllCHH OC 2 H c 
2 3 4 1 r> 

(Liebou, Annrtlen, .111, 121 j* 146, 180; Abel- 
janz, 164, 197 ; Jacobsen, Per. 4, 215 ; also 
Liebig, Annalen, 1, 220; Malaguti, Ann. Chim. 

• Phys. [2] 70, 33$ ; [3] 16, 6; Fritsch and 
Schumacher, Annalen, 279, 302). 

Monochlotether, Monochlorethyl oxide ' | 
CH 3 *CHCl*0*C 2 If 8 ; 

b ti. 97°-98° ; by the chlorination of ether 
(Lieben) ; by saturating a mixture of aldehyde 
and alcohol with IIC1 (Frapolli, Wurtz, Annalen, 
108, 226) ; by the action of PCl r , upon acetal 
(Ba'chmann, ibid. 218, 39). It is decomposed by 
H a SO,jinto HCl,C 2 H 4 0,and C 2 H B *OH. C 2 H B ONa 
forms NaCl and acetal ; water decomposes it 
into HOI, aldehyde, and alcohol (Laatsch, 
Annalen. 218, 36). 

Dichlorether, Dichlorethyl oxide, 
CH 2 C1*CH01*0*C 2 H 8 ; 

b.p. 140°-145° ;• sp.gr. Id 74 at 23° ; by action of 
Cl upon ether (Malaguti. Annalen, 32, 15; Wild- 
man and Gray, J. Amer. Chem. Soo. 1919, 41 
1122);* by action of HC1 upon a mixture of 
chloraldehyde and C 2 H B *OH (Natterer, Monatsh. 
5, 496) ; by action of HC1 upon chloracctal (N.). 

Dichlorether is decomposed on heating in a 
tube into C 2 H 5 C1 and othor products. C 2 H 6 ONa 
forms first chlordceictl OH 2 C1'CH(OC 2 H B ) 2 . JBy 
heating with excoag of C 2 H 5 ONa in scaled tubes, 
ethyl glycol acetyl CH 2 (OC 2 H 6 )CH(OC 2 H 5 ) 2 is 
formed. In ethereal solution, Zn(C 2 H B ) 2 yields 
ethyl chlyrethcr CHjCl-CHfCjH.IOO.H, ; b.p. 
141° • sp.gr. 0*9735 at 0°. With excess of 
Zn(C H B ) 2 wo gef CH 2 (C 2 H fl )CH(C H )OC 2 H B ; 
b.p. 131 4° at 749-6 mm. ; sp.gr. 0-7865 at 0 
(Lieben, Afinalen, 178, 14). Strong caustic 

E otash forms alcohol, a body C 8 H 18 C1 2 0 3 , a 
ttle glycollio acid, and two isomeric bodies of 
the composition C 4 H 9 C10 a (Aboljanz, ibid. 164, 
a-C 4 H 9 C10 2 , chlorakmyde, 


also formed by chlorination of ether (Jfccobwn, 
Ber. 4, 217), b.p. 161°-156°. With NH,*OH yields 
glyoxime (Hantzsch and Wild, Annalen, 289, 
293). It is decomposed by water, and in 


218) : VaH fl C10 2 , chloraumyde. akohdate i wmeu, ™ and 

pw ri*nnTotiO-C H, b p 93°-95° ; and 0-1 Decomposed \y heatmg at 300 Into C 2 U e ana 
iFh,OH'CHC1'0-C,H,.-1 CCU'COCl i Witt H.S yteld, perchlorvmyl ethei 


alcoholate, which, on distillation, give* mono- 
chloraldehyde and monochloracetal (Fritsch 
and Schumacher, ibid. 279, 301), 

Trichlorether CHC1 2 *CHC1*0*C 2 H B ; b.p. 167°- 
168°, 156°- 158° (Copaux), 170°-175° (Oddo 
and Mameli) ; sp.gr. 1-3303 at 14° (0. and M.). 

By the action of PC1 0 upon dichloracetal 
OHCl 2 *OH(OC 2 H B ) 2 (Krey, J. 1876, 476) ; by 
hydrolysis of the compound formed by action <ji 
chlorine on triethyl boric ester (Copaux, Compt. 
rend. 127, 721); by chlorinating a/8-dichloro- 
ethyl ether with 1 molecule of Cl at temperature 
of boiling saturated salt solution. At 230°-240° 
in a sealed tube, yields dichloroaldehyde and 
C 2 H 6 C1. HCl at 110° for 6 hours, and distilla- 
tion with concentrated H 2 S0 4 , yield the same 

n -iduets. Conversely, dichloroaldehyde in alco- 
with HCl yields trichloroether. Boiled with 
water, tricbloroother yields acetaldehyde, di- 
ehloroaeotaldehyde hydrate (m.p. 55°-56°, 

b p. 96-5°-97-5°) , dichloroacetal, and other 
very complex compounds (Oddo and Mameli, 
Gazz. chim, ital. 33, ii. 373 ; also ibid. 36, 
480) ; decomposed by heating with C.,H 6 ONa, 
yielding dichloracetal. 

' Tetrachlorether OCI 3 -CHCI-OC 2 H 6 ; b.p. 
189-4° at 749-1 mm., 79° at 16 mm., 189*7° at 
758-7 mm. ; sp.gr. 1-4225 at 18°/4 0 (Weber and 
Foster, J. Amer. Chem. Soc. 31, 1410) ; sp.gr. 

1 -4379 at 0°, 1 -4 1 82 at 1 5 2°. Formed by action 
of Cl upon monochlorether in contact with I 
(Wurtz, Vogt, Zeitseh. Chem. 1871, 689), or 
of chloral alcoholato C01 8 *CH(OH)O-C 2 H 8 upon 
PC1 B (Henry, Ber. G, 101, 435 ; Patent, Pisati, J. 
1872, 303). From Irichlorvinyl ethyl ether and 
chlorino (Godefroy). A liquid with a camphor- 
hke smell, decomposed bv heating with water 
into C„H 6 OH, HCl, and chloral. Alcoholic 
KOII forms with it irichlorvinyl ethyl ether 
C01 2 : CCH)"C 2 H R . Heated with alcohol, forms 
trichloracetal (Pergami). 

Pentachlorether. Two isomorides : 

(1) C01 3 CC1 2 *0*C 2 H B ; b.p. 190°-210° with 
decomposition; sp.gr. 1*645 (Jacobsen, Ber. 4, 
217) ; by action of Cl upon trichlorvinyl ethyl 
ether (v. suvra) (Busch, Ber. 11, 445). 

(2) CCl 3 -CHCl-0-CH 2 -CH 2 Cl ; b.p. 235° ; 
sp.gr. 1*577 at 80°. By action of PCL on a 
compound of chloral and glycol chlorohyarin 
CC1 8 *CH(0H)0*CH 2 *CH 2 C1 

(He SachTorethlr 3 CHOI 2 -CHC1-0 -CHC1 CHC1* ; 
b.p. 260° ; by action of PC1 5 upon dichloralde- 
hyde saturated with HCl (Patemb, Pisati, J. 
1871,508). , _ ... 

Octochlorether C 4 H 2 C1 B 0 ; from ethyhdene 
oxychloride and 01 in sunlight (Roth, Ber. 8, 
1017). Camphor-like smelling, volatile crystals. 

Perchlorether (C 2 C1 B ) 2 0 (Regnault, Annalen, 
34, 27); sp.gr. 1*900 at 14*5° (Malaguti, Ann. 
Chim* Phys. [3] 16, 4) ; the ultimate product of 
the action of Cl upon ether in sunlight, is a 
solid, forrqing orthorhombic scales, m.p. 69 , 
whiclv possesses a smell like that of camphor. 

^ ^ 1 1 1 T U OATfcO l*vf r\ fl m. tLT\n 
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(C|0 a )|O; with liberation of S (Malaguti, Ann, 
Chim. rhys. f3] 16, 19). This body is a liquid, 
b.p. 210°, flp.gr. 1*652 at 21°, which combines 
with Cl in sunlight to form (C 2 Cl c ) 2 0, or with Br 
yielding (C a Cl a Br 2 ) 2 0. 

Ethyl peroxide (C 2 H B ) 4 0 3 , produced by lead- 
ing dry ozone into absolute ether (Berthelot, 
Bull. Soc. chim. ii. 36, 72), is a thick syrup which 
does not solidify at -40°, is partially volatile 
on heating, but easily explodes ; is miscible with 
water, by which it is decomposed into C.,H n ()H 
and H 2 0 4 . 

Ethyl phosphates. 

1. Normal ethyl phosphate (C 2 H B ) 3 P0 4 ; b.p. 
r 215° ; sp.gr. 1 072 at 12°. By action of heat on 

load diethyl phosphate Pb(C 2 k 5 ) 4 (P0 4 ) 2 (Vogoli, 
Annalen, 09, 190); from C 2 H B I and Ag 3 r0 4 
(Clormont, Ann. Chim. Phys. |3| 42, 330); 
from POCl 3 and C 2 U B ONa (Lnnprieht, Annalen, 
134, 347) ; from P 2 0 B and absolute alcohol 
(Carius, ibid. 137, 121). Colourless liquid, 
miscible with and slowly decomposed by water, 
formiqg diethyl phosphoric arid. 

2. lh ethyl phosphoric acid (C 2 Hr,) 2 Hl > () 4 , a 
syrupy liquid obtained by action of P 2 0- upon 
alcohol. It is a monobasic acid, and forms well- 
marked salts, e.g. Ca[(C 2 H r ,) i! l > 0 4 j 2t crystalline 
needles; Pb[(C 2 H B ) 2 P0 4 ],, needles, m p. 180 L> , 
soluble in water. 

3. Ethyl phosphoric acid H_,(C 2 H r ,)P0 4 , an 
oily liquid decomposed by heating, evolving 
(C,H (l,H,0i and C,H 4 . Equal parts of 
alcohol (95 p.c.) and syrupy H 3 P0 4 art* heated 
to 60° or 80 ’, diluted with water and neutralised 
with BaCO ;j , filtered, the? Ba salt allowed to 
crystallise, and then decomposed by Il 2 tS0 4 
(Pelouzo, Ann. Chim. Phys. f2| 52, 37). 

Also produced by action of P,0 6 upon ether 
or alcohol or of syrupy H 3 P0 4 upon ether 
(Vdgeli, J. 1847-48, 694). Forms crystalline 
salts with the metals ; of these the lead salt ts 
least soluble. 

Ethyl phosphites. 

1. Triethyl phosphite (C 2 H 6 ) 3 P0 3 ; b.p. 191° 
(or 188° in siroara of H) ; sp.gr. 1*075 at 15*5° 
(Railton, Chem. Soc. Trans. 1855, 7, 216) ; from 
PCI 8 and alcohol or sodium ethoxide. 

An ethereal-smelling liquid, which absorbs 0 
and is converted by PCI, into PO(OC 2 H 5 )Cl 2 , 
PC1 3 , and C„H r> 01 (Geuther, Hertz. J. 187(5, 
207). By beating with Na()C 2 H B yields 
Ntt(G 3 H B ) 2 P0 3 ; with (C 2 H B 0) 2 0, gives 

H 2 (C 2 H s )P0 3 

(Jaohne, Annalen, 256, 269). 

2. Diethyl-phosphorous add H(C 2 H r ,).,P0 3 ; 
*b.p. 184°-185° ; sp.gr. 1 0749 (15 *574°). From 
P 4 () 9 and C 2 H 6 OH (Thorpe and North, Chem 
Soc. Trans. 1890, 634) ; from PC1 3 and C 2 H B OH 
(Levitsky, J. Russ. Phys. Chem. Soc. 1903, 35, 
21 1 ; Milobendzi and Saohnowski, Chem. Soc. 
Abst. 1918, i. 477) ; from C 2 H A I and Pb 3 (P0 3 ) 2 
(Michaelis and Becker, Bcr. 1897, 1006). Colour- 
less mobile liquid with an alliaceous odour, 

3. Ethyl-phosphorous add H 2 (C»H B )P0 3 , 
very unstable syrupy liquid ; obtained by action 
of PCI. upon weak alcohol (Wurtz, Ann. Chim. 
Phys, [3] 16, 218). The salts do not crystallise 
well, but are more stable than the add. 

Chloride of ethyl-phosphorous add u 2 H B PpCl, ; 
b.p 117*5° (ft>rr.); sp.gr. 1*30/526 at 074° 
(Thorpe, Chem. Soo. Trans.-Qf, 346) j from PC1 B 


and CjJTj'OH (Menschutkin, Annalen, 139. 849) * 
decomposed by water into HCJ, C 2 H.*OH, and 
H 3 P0 3 ; also by heating to 165° into C 2 H 6 C1, P, 
PClj, and P 2 0 5 (Chambon, J. 1876, 205). 

Diethyl pyro- phosphorous add is not known, 
but the zinc salt (C 2 H 5 ) 2 P 2 O fi Zn is produced when 
Zn(C.,H B )„ is heated with P 2 0 B to 140° (Dilling, 
Zoitsch. Chem. 1876, 266). 

Ethyl selenic acid C 2 H 6 HSe0 4 , very un- 
stable ; produced from H 2 Se0 4 and C 2 H 5 OH 
(Fabian, Annalen, Suppl. 1, 244). The salts are 
also unstable, the most permanent being the 
strontium salt ; they can be crystallised with 
the ethyl-sulphuric acid salts. 

Ethyl selenhydrate, Ethyl selenomercaptan 
C 2 H,SeH ; b.p. 53*5°; sp.gr. 2474° 1*3964 
(Tschugaeff, Ber. 1909, 42, 49). From ethyl 
iodide and sodium hydroselemde. Nauseous - 
smelling liquid. 

Ethyl selenide, Seleri ethyl (C 2 H 6 ) 2 Se ; b.p. 
108°; discovered by Lowig (Pogg. Ann. 37, 
652). By action of K 2 So upon (C 2 H 5 ) 2 C a () 4 
(L ) ; by action of KC.,H 6 S() 4 upon «K/ie (Joy, 
Annalen, 8(5, 35 ; Rathke, ibid. 152. 210) ; tfio 
crude product is then distilled again with KOH, 
C 2 11 B 11S() 4 , and a small piece of P or S (Pievcr- 
ling, ibid. 185, 331 ; Ber. 9, 146(1). A colourless 
mobile liquid with a not unpleasant smell, is 
insoluble m water, acts as a base ; HC1 precipi- 
tates from a solution in dilute HND 3 an oily 
liquid (C 2 H B ) 2 SeCl 2 , which gives with aqueous 
NH 3 a crystalline oxychloride f(C 2 H 6 ) 2 SeJ 2 OCl 2 . 
Combines with ( (.> H ft l to ,form crystalline 
((! 2 H b ),ScT (Pieverling). This is a white sub- 
stance resembling Epsom salts in appearance. 
The (C 2 H B ) 2 SeCI 2 forms double salts with 
several metallic chlorides ; e.g. : 

f(C 2 H 5 ) s SeCl] 2 ZnCl 2 

Ethyl dlselenide (C 2 H 5 ) 2 Se 2 ; b.p. 186°; 
formed as a by-product m the preparation of 
(C 2 H B ) 2 Se ; was first obtained by Wohler and 
Dean (Annalen, 97, 1) from KC 2 H B 80 4 and 
K 2 Se 2 (Rathke, ibid. 152, 212) ; has an intensely 
disagreeable smell, and acts as a poison (Piever- 
ling). A solution m dilute HN() 3 gives with 
11C1 monoelmic crystals of (C 2 H B ) 2 Se 2 O t (OH) 2 Cl 2 , 
which are soluble in water, and are reduced by 
S0 2 to ethyl diselemde. 

Ethoxy -selenyl chloride C 2 H b O*Sc()C 1 ; m.p. 
10°; b.p. 175°, not without decomposition. 
From Se()Cl 2 and alisolute alcohol. HqatOd in 
a tube to 200° yields Sc, C 2 H B C1, HC1, and 
H,0 (Michaelis and Landmann, Annalen, 241, 
156). 

Diethylselenite SeO(OEt) a ; b.p. 183°-185°, 
not without decomposition ; su.gr. 1*49 at 16*5°. 
From Se()Cl 2 and NaOEt in ary ether at 180°- 
190° ; also from Ag 2 Se0 3 , and C 2 H B I at 85° in 
soaled tube. A thick liquid, • decomposed by 
water into C 2 H 6 OH and H 2 SfeO a . Decomposed 
by heating in a tube at 200° with separation of 
Se (M. and L.). 

Ammonium monoethylselenite 

C 2 H 5 0*Se0*0NH 4 ; * 

a crystalline, very hygroscopic acid, formed by 
action of alcobfol ana ammonia ujpon Se0 2 at 
temperature of inciting ice. It t is soluble in 
alcohol, insoluble in ether- (Divers Had Hada, 
•Chem. Soc. Trans. 76, 538). 
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Mmo-tihyl sulphate C,H.HS0 4 # {Ethyl- 
sulphuric aoid • Stuphethylic acid ; Sulphovinic 
acid ) ; ap.gr. 1*316 at 16°. 

First noticed by Dabit (CrelTs Ann. [1802] 
If 394) ; and again by Sertiimer (Gilb. Ann. 
60, 53 ; 54, 67, [1818-1820] ; see also Hoeren, 
Pogg. Ann.' 7, 193 ; Hennel, Trans. Roy. Soc. 
1826 ; 240,* 1828, 365 ; Serullas, Ann. Chim. 
Phys. [2] 39, J'53 ; Liebig and Wohler, Pogg. 
Ann. 22, 487 ; Liebig, Annalen, !), 17, 32 ; 13, 
32, 38 ; Dumas and Boullay, Ann. Chun. PhvR. 
[2] 36, 300). 

Formed by action of sulphuric acid upon 
alcohol (Dabit, Sertiimer, Serullas) ; also by 
absorption of ethylene in sulphuric acid (Hennel ; 
Berthelot, Ann. Chim. Phys. [31 43, 385) ; by 
heating ether with strong I1 2 S0 4 (Hennel; 
Magnus, Pogg. Ann. 27, 38(5) ; from S 2 C1 2 and 
alcohol (Heusser, Annalen, 151, 249); from 
HO*SO a Cl and alcohol m the cold (on heating, 
this gives C.»H & ()’S().,C1, Claesson, ,1. pr. Chem. 
[2] 19, ,245).“ 

Pfejximtion —A mixture of equal parts of 
absolute alcohol and strong sulphuric acid is 
heated for 4 hours on the water bath ; by this 
treatment 59 jfe. of the II 2 S( used is converted 
into mono-ethyl sulphate (Berthelot, Bull. Soc. 
chim. ii. 19, 295) By using 3 molecules alcohol 
and 1 molecule H 2 S0 4 (i.c.,3 to 2 by weight), 
77 p.c. of thA sulphuric acid is utilised (Claesson, 
J. pr. Ohcni. [2| 19, 24(5). The mixture is diluted 
with water and neutralised with lead or banum 
carbonate, filtered, evaporated to crystallisation, 
the crystals dissolved m water, and the acid 
sot free by* moans of l-l 2 S0 4 , or, when lead 
t arbonato is used, by means of H 2 S. The pre- 
f 1 pitated BaS0 4 , PbS0 4 , or PbS is removed by 
filtration, and the liquid evaporated in vacu.6 
over sulphuric acid. Mono-ethyl sulphate is a 
syrupy liquid, very soluble in water, soluble also 
in alcohol, but insoluble in ether. 

Heated with water, yields alcohol and sul- 
phuric acid ; on heating with alcohol to 140°, 
other and H 2 S0 4 are formed. Oxidising agents, 
e.rj. Mn0 2 or K 2 Cr0 4 ,“*give aldehyde (Jaequemin 
and Lies- Bod ard, J. 1857, 345) The salts are 
very soluble in water, and can be heated in di- 
lute solutions without decomposition, though in 
strong solution, or by prolonged heating, they 
are decomposed with formation of alcohol, a sul- 
phate, .and free H s S0 4 . This decomposition may 
be diminished by the addition of an alkali 
hydroxide or carbonate. JJy dry distillation, the 
salts yield ‘ heavy oil of wine,’ a liquid contain- 
ing diethyl sulphate and olefines (<*/. Kremann, 
Monatsh. 1917, 38, 53). HC1 gas yields C 2 H,01 
and a metallic Sulphate (Kohler, Ber. 19, 11, 
1929). 

By distilling sodium ethyl sulphate in a 
vacuum, Lilienfeld (Austrian Pat. 63526) obtains 
ethyl sulphate in 83-90 p.c. yield. 

Salts ( v . Marchand, Pogg. Ann. 32, 456 ; 
41, 595). LiC a H r ,S0 4 ,H 2 0 ; Na0 2 H 5 S() 4 ,H 2 0 ; 
K0 jH s SO 4 , crystallises in anhydrous mono- 
dime plat«B, soluble in 0*8 part- H.,0 at 17° ; 
(Schabus, J. 1854, 560 ; Marignao, J.“l855, 608). 

Mg(C 2 H 6 S0 4 ) 2 ,4H 2 0 ; Ca(C 2 H 6 S0 4 ) 3 ,2H 2 0 

forms monoqjinic laminae, sdfcble in 0*8 part 
water at$7° (M.) ; Ba(C 2 H s 80 4 ) 2 ,2H,0, mono- 
Olinic plates, sp.gr. 2*080 at 21*7°, soluble in 0’99 
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large rhombic tables — - P»(< _ 
amorphous ; soluble in 0*54 part ] 

Diethyl sulphate (C 2 H 5 ) 2 S 04 ; sp.gr. i’ioo< 
at 19° (Claesson, J. pr. Chem. [2j 19, 267) ; 
b.p. 208° (with decomposition), 113*5° at 31 
mm., 118° at 40 mm., 120*5° at 46 mm. (Vil- 
liers, Bull. Soc. ehim. ii. 34, 26) ; m.p. about 
—24*5° (V.) ; occurs in ‘ heavy oil of wine.’ 
Formed by leading SO, vapour into absolute 
ether (Wotherill, Annalen, 66, 117) ; in small 
I quantity by distillation of C 2 H 8 HS0 4 ; by 
I dropping alcohol into chloride of ethyl sulphuric 
1 acid C 2 H 5 0*S0 2 C1, or by action of H 2 S0 4 upon 
alcohol (Claesson) ; from Ag 2 S0 4 and C 2 H 5 L| 
(Stempnewsky, Ber. 11, 514). A mixture of 
1 vol. absolute alcohol and 2 vols. H 2 S0 4 
is distilled slowly in vacud (Villiers). Absolute 
alcohol is mixod with Nordhausen sulphurio 
j acid, the ether separated by means of CHC1„ 
and the product distilled in vacua (Claesson and 
J Lund vail, Ber. 13, 1099). 
j Is an oily liquid, with an odour like that of 
peppermint ; insoluble in water, and sloVly de- 
composed by that liquid even in the cold ; when 
! heated with water, yields alcohol, H 2 80 4 and 
1 C 2 H r ,1180 4 . lleatod with alcohol, forms ether 
and C 2 Hr,HS() 4 ; warm baryta water forms 
alcohol and Ba(C 2 H A 80 4 ) 2 (Villiers). 

Unsaturated hydrocarbons are present to 
tho extent of about 5 p.c. in ‘ heavy oil of 
wine.’ 

Chloride of ethyl sulphuric acid C 2 H 5 0*S0 2 C1 ; 
bp 15r’-154° (corr) (Claesson, J. pr. Chem. [2] 
19, 248), with slight decomposition ; 93°-95° at 
100 mm. (Muller, Ber. (5, 227). From C 2 H,C1 
and NO„ together- with isomerides (v. Ethyl 
chloride) ; by dropping alcohol into SO a Cl 2 
(not vice versa ; diethyl sulphate is then formed) 
(Behrend, J. pr. Chem. |2] 15, 28); from a 
salt of et-hyl sulphuric acid and PC-L (Pur- 
gold, Ber. (5, 505) ; from ethyl chloroformate 
Cl*C()/! a H fi and fuming sulphuric acid (Wilm, 
Ber. 6, 505) ; by passing C 2 1I 4 into HS() a Cl, 
S() 4 HC.,H 4 *S0 2 Cl is also produced (Muller, ibid. 
6, 227). ‘ 

A liquid with an irritating smell, exciting 
(ears, and decomposed by contact with water 
into H01, H 2 S0 4 and alcohol. When the chloride 
is added to methyl alcohol or ethyl alcohol, 
ethyl sulphuric acid and CH 3 C1 or C 2 H 5 Cl 
are' produced ; with amyl alcohol, amyl sul- 
phuric acid and ethyl chloride are formed 
(Muller). If, on the other hand, absolute al- 
cohol is dropped into the chloride, diethyl 
Bulnhate is produced (Claesson). 

Bromethyl sulphuric acid 

CH 2 BrCH 2 *()S0 2 0H(?) ; 
from ethylene bromide and SO a (Wroblewski, 
Zeitsch. Chem. 1868, 563). The barium salt 
is anhydrous, and is decomposed by continued 
heating with water, with separation of 3aS0 4 
and formation of glycol (Beilstein and Wiegand, 
Ber. 15, 1370). An isomeric body 
CH 3 *CHBr*0S0 2 *0H(?) 

is fotmed by acting upon ethylene bromide with 
*Ag 2 S0 4 and water (B. and W.) ; the barium salt 
is very soluble in water, and its solution decom- 
poses on vanning into BaS0 4 , HBr, and glycol. 

rtbromo-djtethyl sulphate (ClljBrCHjLSO* ; 
by action of ethylene bromide upon Ag s 80 4 in 
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pffesehoe of benzene (Beilstein and Wiegand, m.p. 1^° (Claeeaon). It give* with bromine 
Annalen, 16, 1369) ; a heavy oil insoluble in C 2 H 5 Br, HBr, and BrS (Friedel, Ladenburg, 
water, soluble in benzene and ether, decomposed Annalen, 146, 189). HN0 8 forma C^sSCVSCjHj, 
on heating. Heated with water, yields bromide or, if the acid be stronger, ethyl aulphonio acid, 
of ethyl sulphuric acid, and finally HBr, H 2 S0 4 , Treated with Cu powder, loses its disagreeable 
and glycol. odour, but is considerably decomposed thereby 

Ethyl sulphites. (Finckh). 

Mono-ethyl sulphite CjHgO'SO’OH, Ethyl It forms crystalline compounds with SiCl 4 
sulphurous add , Hyposvdphethylic acid. The (Demarcay, Bull. Soc. chim. [2] 20, 127). It 
potassium salt KC 2 H 6 S0 3 is obtained by passing absorbs NO, forming a dark-red Solution. 

SO 2 into a well-coolod solution of Na()C 2 H 8 in The hydrogen of morcaptap is replaceable 
absolute alcohol (Rosenheim and Liobknecht, by metals forming mercaptides ; e.g. C 2 H B KS 
Ber. 1898. 408). The ammonium salt is pro- and Hg^HjS),, transparent plates, m.p. 76°- 
pared by passing NH 3 followed by S0 2 into 77° (Otto, Ber. 13, 1290 ; 16, 125), very slightly 
absolute alcohol (Divers and Ogawa, Chem. Soc. solublo in cold alcohol, soluble m 12-16 parts 
Trans. 1899, 535). The alkali salts are verv hot alcohol (Liebig, Annalen, 11, 17): gives 
unstable in the solid state decomposing with with UNO., the nitrate Hg(C 2 ft,.S)NO s (Hof- 
evolution of S0 2 . Dilute mineral acids bring mann and Rabe, Zeitsch. anorg. Chem. 17, 26) ; 
about this change in solution ; ethyl iodide and Pb(C 2 H B S) 2 , yellow proupitate, formed whon 
alcohol at 150° yield ethyl sulphonate (</.«.). Pb((! 2 H 3 () 2 ) 2 and C 2 H 6 HS are mixed in alcoholic 
By treatment with PC1 5 , diethyl sulphite yields solutions As(C 2 H 6 S) 3 , a foul-smelling oil formed 
the chloride of ethyl sulphurous acid 0 2 H c OSOC 1 from AsC1 3 and C 2 H fi NaS, decomposed by heat 
which boils at 122°, is decomposed*' by water into As and (0 2 H 6 ) 2 S 2 . Pt(C 2 H 6 ‘8) 2 pale-fellow 

into HCI, SOj, and alcohol, and gives, by further precipitate (Zoiso). ** 

action of PCI- at 180°, t-hionyl chloride, C,H 6 C1, Ethyl sulphide (C 2 H B ) 2 8 ; b.p. 91° (Pierre, J. 
and POCl n (Michaelis and Wagner, Ber. 7, 1074). 1851, 51), 91*9° at 754-7 mm. (Beckmann, 
Ethyl sulphurous acid is isomeric with ethyl J. pr. Chom. [2] 17, 451), 92*2°-S93° (corr.) at 
sulphonic acid C 2 II 6 S() 2 -()H (7.?-). 754 mm. (Nasini, Ber 15, 2282); 92-1° (corr.) 

biethyl sulphite C,H B 0*80-0CJI 6 ; sp.gr. (Thorpe and Rodgor) ; sp.gr. 0-8367 at 0° 
M063 at 0° (Canus, ,1. pr. Chem. [2] 2, 279) ; (Pierre), 0-83676 at 20°/4° (N.). Frpm K 2 S and 
b.p. 161-3°. From alcohol and S 2 C1 2 ; 18 parts C 2 H 6 C1 (Regnault, 'Ann. China. Phys. [2] 71, 
of absoluto alcohol are mixed with 50 parts of 387) ; from Zn(C 2 H B ) 2 and S0C1 2 (Gauhe, Anna- 
bel,;, previously warmed to 00° ; the mixture len, 143, 266) ; from KHS and KC 2 H B S0 4 in 
is kept at this temperature for an hour, and alcohol (Hobson, Chem. Roc. Trans. 10, 60); 
then distilled : the portion boiling above 150° aDo from P 2 S 6 and (C 2 H B ) 2 0 (Beckmann). To 
is redistilled (Warlitz, Annalen, 143, 74). prepare the pure sulphide, heat < the crude 

A colourless liquid, with mint-liko odour, sulphido with Cu powder to 260°-280° (Finckh, 
miscible with alcohol and ether; insolublo in Ber. 1894, 1239). 

water. Decomposed by water ; with PC1 6 , yields It is a colourloss liquid with strong garlic-like 
a chloride C 2 H 6 OSOCI, which, on distillation, smell, insoluble in water. Briihl states that in 
splits up into C.,H,C1 and S0 2 (Geuther, Annalen, the pure state it has an ethereal odour. Chlorine 
224, 223 ; Michaelis and Wagner, Ber. 7, 1074). acts upon it in the dark, forming substitution 
Decomposed by KOH into potassium ethyl products: (1) (C 2 H 3 C1 2 ) 2 8, yellow liquid, b.p. 
sulphonate (Rosenheim and Liobknecht, \ bid. 167°-172°, Rp.gr. D547 at 12° ; (2) (0 2 H 2 C1 3 ) 2 S, 
31, 405). Decomposes at 200° into S0 2 and bp. 189°-192°, sp.gr. 1*219 at 13'5 S ; (3) 

ether (Prinz, Annalen. 223, 374) ; or by heating (C 2 H01 4 ) 2 S, b p. 217°-222°. By prolonged action 
with SOCl 2 , to 120°, into S0 2 and C 2 H 6 C1 of chlorine, C 2 C1„ is formed, and possibly 
(Geuther). (C 2 C1 B )..S (Riche, Ann. Chim. Rhys. [3] 43, 283 ; 

Ethyl sulphydrate C 2 H 5 SH. Mercaptan, Annalen, 92, 358). (C 2 H 2 C1 3 ) 2 8 also results 
Ethyl mercaptan ; b.p. 30-2° (Nasini, Ber. 15, from action of chlorine upon (C 2 H* j Cl 2 ) 2 S, which 
2882) ; sp gr. 0-83907 at 20°/4° (N.), 0*835 at can lie obtained from C 2 H 4 and C1 2 S 2 (Guthrie, 
21°. By distilling Ba(C 2 H 6 S0 4 ) 2 with Ba(HS) a Annalen, 1 16, 241). Bromine forms (C 2 H 5 ) 2 SBr 2 , 
(Zoise, Annalen, 11, 1); by action of KHS upon a yellowish-red unstable body, which, by the 
C 2 H 5 C1 (Regnault, Ann. Chim. Phys. [2] 71, action of KJ, yields (C <! H 5 ) 2 S1 2 , a black liquid 
390) ; by boating absolute alcohol saturated (Rathke, Annalen, 152, 214). 
with S0 2 in a sealed tube, thero are ^lso Ethyl sulphide combines with many metallic 
formed C 2 H B HS0 4 , (C 2 H 5 ) 2 0, and H 2 S0 4 (Ende- chlorides to form crystalline compounds, e.g. 
mann, Annalen, 140, 336); from P 2 8 B and (C 2 H B ) 2 S\HgCl 2 , white crystals, soluble in alcohol 
alcohol (Kekul6, Annalen, 90, 310). It is best and ether, m.p. 119°; (CoH B ) 2 S-HgI a , yellow 
prepared by saturating a solution of KOH, needles, m.p. 110°; 2(C 2 H B ) 2 S-TiCl B , dark-red 
sp.gr. 1*3, with H 2 S, mixing with a solution of crystals (Demarcay). (For addition compounds, 
Ca(C 2 H B S0 4 ) 2 (also of sp.gr. 1 -3), and diRtillmg see Abel, Zeitsch. physiol. Chem. 20, 268 ; 
on water-bath (Liebig, Annalen, 11, 14) ; accord- Werner, Zeitsch. anorg. Chem. 15, 14 ; 17, 101 ; 
ing to Claesson (J. pr. Chem. |2] 15, 193), Rmiles, Chem. Soc. Trans. 1900, 164.) 

(C 2 H b ) 2 S is also formed ; NaC 2 H-S is prepared Nitric acid (of sp.gr. 1-2) forms ethyl eulpb 
from the product of this action, the alcoholic oxide or diethyl tmphine oxide (C 2 H 5 ) 2 SO, 
solution ovaporated to diyness, the (C,H 5 ) 2 S a soluble oily liquid, solid at low tempera- 
removed by means of benzene, and the C 2 H B NaS * lures, and decomposed by heating. Fuming 
decomposed by dilute H 2 S0 4 . ( nitric acid coniflbrts this into diethyl stdphone 

It is a colourless liquid with a penetrating , (C 2 H B ) 2 S0 2 ; b.p.* 248° ; m.p. 70° r 72° (Oefele,* 
garlic-Uke smell slightly soluble im water, trom Annalen, 127, 370; 132, 88); Ro^=» 47 ‘63 
which it crystallises on evaporation with L8H 2 0, (Kanonnikow, J. Russ. Phys. Chem. Soc. 15 
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451) ; also formed from PWC a H B ) 4 and SO, 
(Frankland and Lawrence, Chem. Soft Trans. 

35, 244), and from (C a H B ) a S, and a solution of 
KMnO* (0.). Rhombic plates, soluble in 0 - 4 
parts water at 15°. , 

Triethyl mlphine (C 2 H B ),S forms compounds 
in which it plays the part of a univalent radical. 

<C 2 H,fcSl from (C a H 5 ) 2 fi, C a H 6 l, and H a O 
(Oefele, Annalen, 132, 82); from HI and 
(C a H B ) a S or HI and C 2 H 6 HS, or (!,H J and 
C.fajIS (Cahours, ibid. 135, 352; 136, 151); 
forms rhombic plates of disagreeable odour, 
and soluble in water. By action of Ag 2 U, 
yields tndhyl mlphine hydroxide. (C*H B ) 3 SO.ti, 
a strong base ; displaces NH 4 , and has caustic 
action on the skin ; it forms a crystalline ( 
deliquescent rhass, which unites with acids to i 
form deliquescent salts yielding double com- j 
pounds with many metallic salts ; e.y. : 

PtCl 4 '2(C.,H B ) 3 SCl 

dark‘reddish prisms, soluble at 20 , 7° in 30 parts 
of water ( Drhft, Annalen, Suppl. 4, 90 ; Jorgen- 
son, j. pr. Chem. [2] 6, «2 ; Kraut, Armalon, 

21 °Whcn (C.,1I 5 ) 2 S is heated with CH 3 I, diethyl- 
methyl .mlphine iodide (C s H B ) 2 CH 3 SI, an unstable 
non crystalline body, is formed, from which other 
salts can be obtained; the chloride (C 2 H 6 ) a LH 3 c)t'l 
forms manv double Balts (Kruger, J. pr. Chem 
1 2] 14, lw). The isomdride, ethyl-mcthyletiiyl 
.mlphine iodide,’ prepared from C 2 H B CH 8 S and 
•<J 2 H 5 1, is crystalline (Kruger). 

Ethyl disulphide (C a H a ) a &, ; b -P- 162 J “ 
153 - 4 ° (corr.) at 730 mm. (Nasiiu, Ber. lo, 288^) , 
sp.gr. 0-99267 at 20°/4 u (N.). By distillation of 
K(LH b S 0 4 with K ,S 2 and water (Zeise, Annalen, 
11, 1 ; Morin, ibid. 32, 267 ; Lowig, Kopp, ibid 
35, 345 ; Cahours, ibid. 61, 98) ; by action of 1 
upon a slight excess of a solution of C a H B NaS 
(Kekule ; Linnemann, i bid. 123, 279) ; by action 
of S upon CjHjgNa (Bottger, ibid. 223, 348) ; 
by distilling liquid tlnoacetaldehyde (Khngcr, 
Ber. 32, 2195). 

A colourless liquid, with garlic-like smell, 
very slightly soluble in water ; with dilute HN0 3 , 
gives (C 2 H B ) 2 S a 0 2 , an oily liquid which may be 
regarded as the ethyl salt of ethyl thiosulphomc 
acid C a H B S0 8 SC 2 H B . Tr f Q , 

Ethyl trfeulphlde (C 2 H B ) a S 3 , from K 2 b 3 and 
KC 2 H B S0 4 (Cahours, BuU. boc chim.J 2 ] 25, 
184 ; ‘«bi from (C s H„) s 8 a and t) (fl. Muller) ; 
a colourless liquid, with unpleasant smell. 

Ethyl tetrasulphide (C 2 H,) ? S 4 ; from b 2 U a 
and C 2 H B SH (Claesson,* J. pr. Chem. [2] 15, 214) ; 
a heavy oily liquid, with disagreeable odour. 

Ethyl pentasulphide (C 2 H 5 ) 2 S B ; by heating 
(C a H-) a S* and S at 150°; a tough elastic 

80 Ethyl sulphinlc acid C a H B HS0 2 ; bv action 
of Zn(C\H 6 ),-opon SO, (Wtachrn. ^malen, 139, 
364 ; Hobson, TJhem. Soc. Trans. 1858, 10, 58) , 
the sodium salt is produoed by oxidation of 
sodium meroaptide by dry oxygen (Claesson, 
J. pr . Chem. [2] 15, 199). The free acid is a 
svrupv liquid with a sweet taste ; by action of 
HNO,, yields ethyl ' sulphonic acid , and 
(C«H*SO.) a NO, crystals, m.p. 81-5 , very slightly 
sofubfe in water (Zuckschwqrdt Annalen, 174, 
308). Forms salts, of f^ch NaC a H B SO a 
orystalMse# from alcohol in anhvdroiw erntak 
(d.) ; the lead salt was prepared from Pb(C g H 4 ) 4 


SO. by Frankland and Lawrapce (Chem. 
Soc, Trans, 35, 244). * 

Ethyl chlorosulphinate Cl*SO g C a H,. A 

faintly yellow liquid, b.p. 29°/13 mm., which 
decomposes at itB b.p ;t 122°, under ordinary 

K ure, into sulphur dioxide and ethyl chloride, 
ed by treating well-cooled ethyl alcohol 
with thionyl chloride (Stabler and bchirm, Ber. 
1911, 44, 3191- 

Ethyl sulphonic acid C 2 H B 'SO*OH by the 
I oxidation of C 2 H B SH (Lowig and Weidmann, 
Pogg. Ann. 49, 329 ; Kopp, Annalen, 35, 346), 
O..H.CNS or of (C 2 H 5 ).,S, (Muspratt, Chem. Soc. 
Trans. 1849, 1, 45) bv HN0 3 ; from C a H 5 I 
and K a SO. t (Graebo, Annalen, 146, 37). • By 
heating ethylene sulphomc acid with P and 
j HI at 170° (Kohler, Amer. Chem. J. 20, 
688) ; by oxidation of C a H B CNS with hypo- 
chlorites (lie Coninck, Cornpt. rend. 126, 838) ; 

| by action of cone. HNO a upon mercury mer- 
j captido mtrate (Hofmann and Rabe, ZeitHch. 
anorg. Chcrn 17, 26). The acid is a crystalline 
deliquescent body ; by action of IC1 3 at 150 , 
weget dichlorethyl sulphonic acicfr; excesB 
of IC1 3 gives C a Cl fl (Spring and Wessmger, Ber. 
15, 445) ; unites with bases to form salts. (For 
halogen derivatives, see Kohler, Amer. Chem. J. 
19, 737 ; 20, 690; 21, 361. For salts, see 
Rosenheim and Liebknecht, Ber. 31, 412.) 

Ethyl sulphonate C 2 H B -S0 2 0C 2 H 5 ; b.p. 
213*4° (corr.); sp.gr. M712 at 0°/0° 1-1452 
at 20 o /4° (Nasmi, Ber. 15, 2884); by action 
of ethyl sulphonic chloride C 2 H B S0 2 C1 and 
C.,H B NaO (Carius, J. 1870, 726 ; J. pr. Chem. 
[2] 2, 262) ; from C 2 11 B I and silver sulphite or 
sodium ethyl sulphite (q.v.). 

Ethyl sulphonic chloride C 2 H B S0 2 C1; b.p. 
177-5° (corr.) (Carius), 171° (Otto, Ber. 15, 122) ; 


1 I IV ^un.) 1.. l uv,,u , ’ 

sp.gr. 1-357 at 22-5° (0.) ; by action of PC1 8 , 
on NaC 2 H 5 S0 3 (Gerhardt and Chancel, Cornpt. 
rend. 35, 690); by actum of Cl upon ethyl 
oxysulphide (S. and W. l.c.). Colourless liquid, 
with unpleasant smell. 

Ethyl thiocyanate C 2 H B SCN ; b.p. 143° (Ber- 
thelot, Cornpt. rend. 130. 444), 146° (corr.) (Buff, 
Ber. 1, 206) ; sp.gr. 1 033 at 0°, 1-0126 at 19°, 
0-8698 at 146° (B.) ; by action of KCNS upon 
KC 2 H 5 S0 4 (Cahours, Ami. Chim. Phys. [3] 18, 
264 ; Annalen, 6,1, 95), or C,H,C1 (Lowig, Pogg. 
Aim 67, 101), or C a H B i (Johnson and Levv. 
Amer. Chem. J. 1907, 38, 456) ; from Et 2 S0 4 
and KCNS, yield 87 p.c. (Walden, Ber. 1907, 

321 A mobile liquid with unpleasant odour, 
insoluble in water, miscible with alcohol or 
ether ; by action of sodium forms NaCN and 
(0,H B ).S (HWmann, Ber. 1, 184) ; by heating 
with solution "of KOH, yields (C 2 H B ) 2 S a , KCN, 
and KCNO (Briming, Annalen, 104, 198) ; with 
alcoholic KOH, forms (C a H B ) 2 S 2 , CO*, NH 8 , but 
no KCNS (Lowig), but with alcoholic KHS 
yields C 2 H B HS and KCNS (L.V Decomposed by« 
hot solution of bleaching powder, -yielding CO a , 
N EtO-SO a 'OH, and H 2 S0 4 . NaCIO and NaOH 
hot, yield (EtO) a SO a and NaCN. Further 
action gives Et a S a , NaCN, and NaCNO, if all 
tto hypochlorite is used ud* By action of 
aqueous NH a at 100°, it yields (C a H fi ) a S a , NH 4 CN, 
urea, oxalio acid, and other produots (Kremer, 
J. 18589 401 ; Jeanjean, J. 1862, 364). By 
psfcsing Cl into it, there results (CNC1), and a 
liquid C,H*SCl*b.p. (Jamies, J. pr. 
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Chem. 30, 3WV A chlorine subetttutiQb 
product C.H^OISCK was obtained by James 
(ibid. f3H 20, 352) by heating C,H,ClBr with 
K.CNS and alcohol ; an oil heavier than water, 
with unpleasant smell; b.p. 202°-203°; m.p. 
below —20°. 

Ethyl thiocyanate forms compounds with 
HOI, HBr, and HI (Henry, J. 1868, 652 ; Glutz, 
Annalen, 153, 312). (For many other com- 
pounds, see Wheeler and Johnson, Amer. Chem. 
J. 26, 345 ; J. Amer. ( !hem. Soc. 24, 680 ; 
Wheeler and Jamieson, ibid. 24, 743 ; Wheeler 
and Merriam, ibid. 24, 430.) 

Ethyl i.sothiocyanate 0 2 H fi NOS (JL), Ethyl- 
J/nbcarbimidr, mustard oil ; b.p. 134"; sp.gr. 10102 
at 0", 0-0072 at 22°, 0-8763 at 133 2° (Buff, 
Bor. 1, 206) ; by action of C 2 H B NCO upon P 2 t8 6 
(Michael and Palmer, Amer. Chem. J. 6, 250), | 
also in very small quantity when Hg(CNS) a is 
heated with C 2 HJ (Michael, ibid. 1, 417), also 
by heating CSC1, and (C 2 H 5 )NH a (Kathke, 
Annalen, 167, 211). A solution of ethylamme in 
alcohol is treated with C8 2 , when crystals of ethyl j 
ammonium ethyl dithiooarbamate separate out, | 
2(C 2 H fi )NH 2 +0H 2 =(C a H0NH-aSvS-NH 8 (C.,H 5 ). 1 
A solution of this body is then treated with HgCU, 
when the mercury compound is precipitated : 

(C 2 H 5 )NH-(VS-S-NHo(C,H,)+HgCI 3 

=2(( ’ 2 H r jH 3 NC1 + 1 NH(C 2 H 6 )C8 2 l 2 Hg 

On distillation, tins body yields the mustard oil, 
ligS and H>S (Hofmann, Ber. 1, 171 ; 2, 452). 
Dele pine (Co nipt. rend. 144, 1125) improves the 
yield of dithiooarbamate by using 1 molecule 
each of CS 2 , amine, and soda, and then distilling 
with basic lead acetate in place ot HgCI 
Mustard oil is a liquid with very disagreeable 
smell, and in contact with the skin produces a 
burning sensation (Hofmann, Ber. 1, 26) ; with 
absolute alcohol forms monoethyl tluoure- 
thano (l\H r> )NH CS OC 2 H fi , a liquid, b.p 
204"-2()8° ; with aldehyde ammonia yields the 
compound C 7 H ia N,>S, m.p. 135°- 136° (Dixon, 
Chem. Soc. Trans. 1888, 414) 

Thiooarbi nudes react, with phenyl hydrazine, 
yielding thiosemicarba/.ides (Marckwald) With 
Br in chloroform a ring compound, CJ)S g (NEt) a , 
molting at 45°, is formed (Freund and Baehraeh, 
Annalen, 285, 184). 

Ethyl thiophens C 4 SH 3 (C 2 H 5 ). 

2 - Ethyl ilnophen ; b.p. 132°- 134" (corr.), 
sp.gr, 0-000 at 24°. By action of C,H a Br and 
Na upon C 4 SH 3 I (Meyer and Kreis, Ber. 17, 
1560) ; also by action of Br upon thiophen, 
O, H- Br and Na’ (Schleicher, ibid. 18, 3015 ; ibid. \ 
Hi, 671). 

3- Ethyl thiophen; b.p. 135°- 136°; sp*gr. 


in water, and oxidised by exposure to a#r; is 
poisondus. HNO s forms (C a H # ) a Te,3pfOa 
(monoclinic prisms). Strong HC1 precijift&ie., 
the oily compound (C s H s ) a TeCl a from a solution 
of the nitrate ; ammonia convei-ts this into 
[(C a H 6 ) 2 Te] 2 Cl 2 0 (hexagonal prisms), which, 
when treated with Ag 2 S() 4 , yields 

[(C 2 H 6 ),>e] a ,H 2 S0 4 ‘ 

[ (colourless prisms). By action of Ag 2 0 upon a 
solution of the chloride, ((J 2 H 5 ) 2 f l J eO is produced, 
which decomposes on concentration. 

When (C 2 H 5 ) 2 Te is acted upon by C 2 H 6 I, 
Inethyl tellurium iodide (C 2 H fj ) 3 TeI is formed, 
m.p. 90°-92° (Cahours, Bull. Soc. chim. [2] 4, 
40). which crystallises in yellow prisms. 

Ethyl ditelluride (C 2 Hr,) 2 Te 2 is said to be 
formed m the preparation of (C 2 H B ) 2 To, and to 
be a dark-red liquid, with high boiling-point. 

E r rm FAMINES 

Compounds in which one or more atoms of 
HinNHj are replaced by C 2 H ri .' 

Ethylamine C 2 H a \Nil 2 ; b.p. 1 8 : *7 0 sji.gr. 
0-6064 at 8’, 0-708 at 2° (Hofmann, Ber. 22, 
690); m.p. —85 2", b.p. 19° to 20° (Ladenburg 
and Krugel) ; sp.gr. 0 7013 at 4°y 0-0892 at 15° 
(Perkin); ent. temp. 185-2° (Schmidt); 
183-2° and ent. press. 55 -4 atm. (Berthoud) ; 
H (!.— 408*5 Cals. (Berthelot, Ann. China, l’hys. 
[5 1 23, 244). From 1 ethyl carbinudJ* anil KOH 
, (Wurtz, Annalen, 71, 330; also Compt. rend, 
j 28, 223); from (\H a Br and NH 3 (Hofmann, 

! Annalen, 74, 159) ; by the putrefaction of youst 
! and of flour (Hesse, J 1857, 403; Sullivan, J. 
j 1858, 231); by heating alcohol witjh NH 4 C1 at 
i 300" (Berthelot, Ann (’him PJiys. [3] 38, 63); 
i by action of nascent 11 upon acctomtrile(Mendius, 
j Annalen, 121, 142). It is also produced in the 
dry distillation ot the residues from beet-root in 
' sugar manufacture (Duvillier and Buisine, Ann. 
j Chun. Pliys. [5| 23, 317) ; by action of KC 2 H fi S0 4 
'upon alcoholic NH 3 at 120° ( Erlenmeyer and 
Carl, J. 1875, 617); by action of Na upon 
CH 3 "0ONU 2 m boiling amyl alcohol (Guerbet, 
Compt rend 129, 62) ; from EtOll and phos- 
pham at 225°- 250° (Vidal, I). B. P. 64346) ; by 
action of Zn lilings and 1IC1 in the cold on 
aldehyde ammonia (Trillat and Fayollat) (Jean) ; 
by electrolytic reduction of n^troethane in 
hUS() 4 at 70°-75° (Pieron, Bull. Soc. clum. [3], 
21, 784) 

Pie-paraiion. — (1) 1 volume of ethyl nitrate 
C 2 H a N0 3 is treated with 3 volumes of alcoholic ■ 
araniuma for 12 hours at 100° ; the free bases 
are separated from the NH 3 by neutralising with 
H,S0 4 or HC1 and extracting with alcohol ; the 


1-0012 at 16°. By heating ethyl Huceimc acid sulphates or chlorides are then decomposed by 
with P 2 S 3 (Damsky, Ber. 19, 3284; Gerlach, NaOH, and the free bases combined ‘with picric 
Annalen, 267, 146). acid and crystallised. Tho picrate of (0 2 H 6 ) 3 N 

Di-ethylthiophen ; b.p. 181°; sp.gr 0-062 at separates first, in yellow needles, then the 
14°/14°. An oil»obtained bv action of Na upon C 2 H 6 NH 2 salt m brown prisms ; T the picrates are 
C 2 H r ,I and iodoethylthioplien (Muhlert, Ber. then separated and decomposed by HC1, and 
10, 633). the bases liberated by KOH (Carey Lea, Chem. 

Ethyl telluride (C 2 H 5 ) 2 Te, Tellurdhyl ; bp. News, 5, 118). 

137°-138° (Marquardt and Michaelis, Ber. (2) Crude C 2 H 6 C1, from manufacture of 
21, 2045; Heeren, J. 1861, 565); from K# 2 To chloral, is heated for £tn hour with 3 times its 


and KO^H^SOi (Wohler, Annalen, 84, 69 ; 35, ivolurao of alcohol (96 p.c.) previously saturated 
111 ; Mallet, Chem. Soc. Trans. 1853, 5, 71). with ammonia, m an iron vessel heated by a 
A heavy, viscid, reddish-yellow liquid, with a water-bath. Onf^poling, the NH 4 C1 is filtered 
very unpleasant! smell, bums in air with blue off, and the remainder distilled until free from ' 
flame, evolving Tumes of TeO t ; hirdly spluble NH 3 and alcohol, the residue (hydrochlorides of 



1WHW J;, tri-ethylamine, ' mixed ijfc Vj M, 

liUte;lS*Cl) is treated with a strong ^Motion oomttne* with (C,8j)NH*, mA Ixmm • y^y^f 
of N®OH, and the Uauid drawn off and dried 4C g H i Jra*,Ml l ,20 l 0 

by means of solid NaOH ; it consists of a mix- co i our iesfi crystals, soluble in water, 
tore of the three bases ; ethyl oxalate is then (C a H 6 *NH 2 ,HCl) 2 ,PtCl4, orange-yellow flat 
added, and the (C 2 H 5 ) a N, which is unacted upon, r h 0 mbohedrons (Weltzien, AnnaXen,.93, 272), 
is distilled off ; the residue consists of a mixture hexagonal rhombohedrons (TopsoB, J. 1883, 
of solid diethyl oxamide C 2 0 2 (NHC 2 H B ) 2 and gjgj . g p gj. 2*255 at 19°/4° (Clarke, ‘Ber. 12, 
liquid ethyl diethylmmale C 2 0 2 N(C 2 H B ) 2 0C 2 H 6 , 1399 j C 2 H 5 NH 2 ,HC1,AuC 1 3 , golden-yellow mo- 
which are separated and the diethyl oxamide, noc ij n i c prisms, soluble in water (T.). 
after recrystal lft ing from hot water, decom- (C 2 H 5 NH 2 ),„H,S0 4 , deliquescent body, sol- 
posed with KOH’ (Hofmann, Ber. 3, 109, 770; u |q e j n alcohol ; forms double salts with other 
also Duvillier and Buisine, Compt. rend. 8U iph a tes, e.g. ethyl-ammonium alum 




88, 31). 

According to Garner and Tyror (Chem. Soc. 
Trans. 1916, 109, 174), a mixture of mono-, di-, 


and tri-ethylamine can be separated by fraction- i of water. 


(C 2 H 5 NH 2 ) a ,H 2 S0 4 ,Al 2 (S0 4 ) 3 ,24H g 0 . 

octahedral crystals, soluble at 25° in 0*89 parts • 


ating with a 10-bulb column. y ■ , r . 0 , “ , 

(3) By the interaction of ethyl bromide and gont-smeUing oil ; sp.gr. 1*007 at 0 ; formed by 
excess of ammonia in alcoholic solution. By ac ‘ tl0I1 °f Na( l l) u A ,OT [ . - 

regulating the addition of the ethyl bromide with Hlfl, yidds etliylamine (Berg, Ann. Chun, 
to the ammoniacal solution it is possible to ihys. ]7J 3, 319). 
obtain the primary an,l secondary bases with- EiW*U»ramn<!, 

out any Sensible admixture of the tertiary C 2 H 6 NU 2 > ^ .. u 

base (arc Werner, Chom. Soc. Trans. 1918, 113, W- UB0 at 15' ‘ ; by 1’<T«S C > S°T) 
v aqueous C 2 11 5 NH , ( W urtz, Compt. rend. U, 

Properties .-* Is a mobile liquid, with strong 8 1 0), prepared by distilling a mixtmv oi 
ammoniacal odour, is strongly caJstie, and has C 2 H,n1i HCl with 2 times i s 
an alkaline reaction; burns with yellow flame, mg powder and » ^Up wato 
is miscible m all proportions with water, displaces 9, 140), a yellow lyq SecomDOBiS 

NH, from itft salts, and, like ammonia, precipi- sim’ll, insoluble in watei and au Is, 
tates metallic hyefroxides and oxides from salts, on long standing into HC 1, N 11 4 ( W ? N H,,H U, 

IU however, .Lolvc* the hjjtorito A> ‘C ui<W 

Ldvi’thl^ ddVpJl Co..’ The oblondo for 

is decomposed on distillation into CJl-dNm, 1 , *i u mimv bodies as 

tn i-i i mr V u (' if mwl ('19 Cl ( Fileti and acid and NH S ; behaves towards many bodies as 


Ethylchloramine C 2 H 5 NH01. A very pun- 


amine to aldehyde and N (Carstanjen, J. 1862, 
330). 

Caro’s acid oxidises EtNH., yielding 
CH 8 COOH, 0H 3 CN, CH 3 CH:NOII, mtroethane, 
and CH,C(()H)NOH (Bamberger, Ber. 35, 


Ethyl (li-iudoamine C 2 H 6 NI 2 , and Ethyl di - 
hromamne C 2 H,NBr a , are formed similarly ; 
the former is a dark-blue liquid (Wurtx). 

Ethyl lutramine C 2 H 5 NH.N0 2 ; m.p. -f 6° ; 
Hogr. i *1675 at 15". A colourless liquid, with 

r ” j . 1 1... ..Ml™ NH. 


(Litnorloy). _ 3 9q\ classes of alkyl derivatives (Umbgrove and 

(CM, HCl, deUescent >ti ; “ m.p. 


76°-80° ; b.p. 315 -320 (with decomposition) ; 
sp.gr. 1*2045 at 2P/4 0 (Scluff and Monsacchi) ; 
molecular refract. 35*97 (calc. 35*95) (Kanon- 
nikow, J. pi*. Chom. [2| 31, 347); soluble in 
alcohol ; soluble in 0*42 part of water at 17° 


classes of alkyl derivatives (Umbgrove and 
Franchimont, Roc. trav. clnm. 16, 388). It is 
also formed from methyl ethylcarbamato and 
cone. HNOj (Franclnmont and Klobbie, ibid. 
7, 356). 

N ilroelhylisonitraintne CH 8 *CHN0 2 *N(0H)N0 
is obtained by tho action of NO upon the Na 
derivative of mtroethane. It forms metallic 


~ ;; , /n m 0 j r.i*}\ derivative oi mtroetnane. it iuriua 

(S. anil M. Zeitsch. physical. t hem 24 a 1 3 . *" va , t ar0 hydro i yS ed by mineral acide, 
Prepared by heating 1 volume d y „ tu y^trohcT arid (Traube, 

3 volumes alcoholic ammonia to 100 ((.roves, <P VU1 8 ^ 9 

Chem. Soc. Trans. 1861, 13, 331). The hydro- Anna ^’^10() _ 4Q o (Hofa 

chloride and hydroiodido exhibit wodimorphism ; m •“'Z, “o, 6M) , -*bp’ 67 1 0 (H ofmann- 
both are monodinio at ordinary temporal, m*. «*»». f2 m), bp 67 6 (Holman 


both are monocjimo at ordinary ’ , n ^ t , 58 (Ondemanr, 

changing a{ hkte temporaturen to la ,%*) . c 7 rlt . t ™ p : 223 -3, orit, 

modificatlonB. (, 2 H 6 NH 2 ,HgCl a , by to tion ol 3 6 « atm. (Bertboud) ; ap.gr. 0-7262 at 0°, 

alooholio HgU$ on alcoholm t s H t NH 2 , a J., 1#7 at 15 » (Hofmann, Bor. 2^ 669), 0-7226 
crystalline preeijntate, .otobto m ■ ^ at 4", 0-7110 at 16°, 0 7028 at 25°. From NH, 

solution. With excess of HgU, in aqueous “ * • H , (Hofma ’ nn)i or NH , and C.H.NO, 
solution a white precipitate j igyi 493 ; c f Garner and Tyrer, lx.). 


solution a white precipitate ^ J. 493 . Garner and Tyrer, lx.). 

2C a H 6 NH 2 ,HgCl 2 -f 2HgO From C 2 H 5 Br (Werner, Chem Soc. Trans. 1918, 

is thrown -down; bv heating C.H.NH, with 113, ,899) ^“^tdned ' l 

6IceM of HgCl„ a yellow preefpitate ° 

ClHg OHg*NH*ColI 5 ^] H q by action of very dilute NaOH solution 

kenarates* Whilst a crystaffisable compound upon* KCiHJiNlNOJla.H^SO- ^^p, Ber. 8, 
C&g’NHOjHj remains in solution (Kohler, Bei; 1 622). ^Also #y action of EtOH %pon phospham 
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ETHYL. 


at 32tf°-250 B (Vidal, D, R. P. 64346). By heating 
p-toluemfculphodiethylainide with chloreulphonio 
acid at 130 -160° (Marckwald and v. Broste- 
Httlshoff, Ber. 31, 3263). By dissolving 50 grams 
diethylaniline in 148 grams HC1 (sp.gr. l'l), 
diluting with 75 c.c. H a O, adding 32 grams 
NaNO, in 50 c.c. H a O and pouring slowly 
through ,a reflux condenser into a boiling solution 
of 85 grams NaOH in 2 litres of H 2 0 (Norris and 
Kimberley, Amer. (hem. J. 20, 60). 

Price, Brazier, and Wood (J. Soc. Chem. 
Ind. 1916, 35, 147) have described a convenient 
mode of preparing large quantities of diethyl- 
amino in the laboratory by a simple modification 
of, this method 

" NO*C 6 H 4 *NEt 2 +NaOH 

=NHEt a +N0*0 6 H 4 *0Na 

It a colourless, inflammablo liquid with 
strong ammoniacal smell, very soluble in 
water ; is a strong base, and acts hko C 2 H 6 NH 2 , 
except that it does not dissolve Zn(OH) 2 (Carey 
Lea). H a O a oxidises it to diethylhydroxylamine 
(Duncan and Golding). The nitrate decom- 
poses suddenly at 1 70°, and yields nitrosodiethyl- 
amme (G 2 H 6 ) 2 NNO (Franchimont, Bee. trav. 
chim. 2, 95) ; tho hydrochloride (0 a H 5 ) a NH,H01 
forms non-doliqucscent plates ; m.p. 215°-217° 
(Wallach, Annalen, 214, 275); b.p 320°-330° 
(W.) ; sp.gr. 1‘0475 at 2P/4° (Schiff and Mon- 
saochi) ; and combines with many metallic 
chlorides, e.g. [(C 2 H 6 ) a NH,H01] 2 PtCi 4 , orange- 
yellow monoclinic crystals (Topose, J. 1883, 619). 

DkthykMoramine (0 2 H 5 ) 2 NC1. A pungent- 
smellmg oil; b.p. 91°; sp.gr. 0*943 at 0°; 
formed by action of NaCK) upon (0 2 H fl ) 2 NM. 
It decomposes on keeping with formation of 
(C 2 H f) ) 2 NH,IlCl (Berg, Ann. Chun. Phys. [7J 3, 
320). 

Dieihjlnitravnnc Et 2 N'N0 2 ; b.p. 206*5° 
at 757 mm,, 93° at 16 mm.; spgr. 1*057 
at 15 9 . Formed by action ol EtI upon 
EtNK'NOj ; also by action of highest con- 
centrated HNOg upon (w-diethylurea It- is 
decomposed by KOH at 150°- 160° into EtNH 2 , 
HN0 3 , and 0II 3 0H() (Franchimont, Bee. trav. 

( him 6, 149; F. and Umbgrove, ibid. 16, 396). 

Diethylisonitramme. An oil, b.p. 46°-50° at 
18 mm. ; sp.gr. 1-000 at 15° ; formed by inter- 
action of EtI and C 2 H B NAgN0 2 . KOH at- 
100° decomposes it into alcohol, N, and OH a OHO 
(U. and F. l.c. 399). 

Nitrosodieihylamine ((- 2 H t ),NNO ; b.p. 
176 ’9° (corr.); sp.gr. 0 951 at 17*5°; VI). 
= 3 36 (calc. = 3-53) (Knecht, Ber. 10, 979) ; 
by distilling neutral solution of (0 2 H B ),NII,H(1 
with a concentrated solution of KNO a (Geuther, 
Annalen, 128, 251 ; J. 1871, 695); also from 
(C 2 H B ) a NH and NOC1 in ether solution at 
— 15° to —20° (Solonina, J. Russ. Phys. Chem. 
Soc. 30, 431) ; a yellow oil with aromatic 
smell, decomposed by HC1 into (C 2 H 6 ) 2 NH and 
HN0 2 . Alcoholic KOH at 140° forms NH„ 
and (CjHJNHj. Na amalgam forms N 2 0 and 
(C 2 H r ,) 2 NH. 

Triethylamlne (C 2 H 5 ) S N ; b.p. 89°-89-5° at 
736*5 mm. (Bruhl, Annalen, 200, 186), 89°-90*5° 
at 767*8 mm. (Hofmann); sp.gr. 0*735 at 15° 
(Hofmann, BAr. 22, 700), 0*7426 at 4°, 0*733l 
at 15°, 0*7527 At 25° (Perkin) ; crit. temp. 267*1° 
(Pawlowski, Bar. 10, 2633); remains iiq,*iid at 
—75° under €0 mm. pressure $EL). By the 


action of NH 8 upon C 2 H 8 I (Hofmann, Annalen, 
73, 9F, or upon C a H B N0 3 (Carey Lea). 

Preparation. — (1) Crude ethylamine (from 
C 2 H 5 C1 and NH 3 ) in alcoholic solution is treated 
with CoH b C 1 (Buvillier and Bnisine) ; (2) by dis- 
tillation of (0 a H n ) 4 N*0H. 

Properties. — An oily liquid with strong am- 
moniacal smell, slightly soluble in water ; strong 
base. On strongly heating its salts, (0 2 H B ) a N is 
destroyed, with formation of a little (C 2 H 6 ) 2 N*NO 
(Geuther, Zeitsch. Chem. 1886, 513). 

Tho hydrochloride forms feathery non-deli- 
quescont scales, and combines with many metallic 
salts to form double compounds. N(C a H 5 ) 3 ,H01, 
sp.gr. 1*06885 at 21°/4°. 1 part of water 

dissolves 1*5 parts salt (Schiff and Monsacchi). 
(C a Il r> );,N,HN0 3 , m.p. 98°-99° (Franchimont, 
Bee. trav. chnn. 2, 339). 

Tetra-ethylammonium hydroxide 
(C a H B ) 4 N*OH 

formed from the iodide (C 2 H 6 ) 4 N1 by the action 
of Ag 2 0. It forms very deliquescent needles, 
is a strong base, which eagerly absorbs 00 2 , 
displaces NII 8 , precipitates metallic hydroxides, 
ana gives a blue solution with sugar and CuS0 4 ; 
is decomposed by dry dist-ikation, forming 
triethylamine, ethylene, and H 2 () ; when heated 
with C 2 H 6 I, gives (C 2 Il r ,) 4 I and’ alcohol. 

Salts — (0 2 H f) ) 4 N01, forms deliquescent crys- 
tals, sp.gr. 1*0801 at 21°/4° (Schiff and 
Monsacchi), and yields many double salts, 
e.g. [(0 2 H 6 )4N(3] a Hg01 a , tetragonal crystals ; 
(0 2 H 6 ) 4 N01,HgCl 2 , trielimo crystals (Topsoe, J. 
1883, 620); [(C 2 Il 5 ) 4 NCl] 2 Pt0J 4 , orange -yellow, 
crystalline (monochnic (T )), difficultly soluble m 
water, almost insoluble in alcohol ; (0 2 H 6 ) 4 NBr, 
light-orange needles, m.p. 78°, combines wit-h 
Br to form an unstable pentabromide (Marquart, 
Ber. 3, 284) ; gives with alcoholic I solution a 
precipitate of (O a H B ) 4 NI 3 , quadratic prisms 
(Welt-zien, Annalen, 91, 33), which is also formed 
along with iodoform when the monoiodide is 
electrolysed between platinum electrodes 
(Goeeke, Zeitsch. Elektrochom. 10, 249) ; the 
monoiodido (0 2 H B ) 4 N1 forms largo crystals 
soluble in cold water and in alcohol, insoluble in 
ether ; sp.gr. 1 *559 (Schroder, Ber. 12, 562). 

a-Ethylhydroxylamlne 0 2 H r ,0*NIT 2 ; b.p. 68°; 
sp.gr. 0*8827 at 7*5° (Gurke, Animlen, 205, 277) ; 
by the action of HOI upon benzoyl elhylhydroxyl- 
aminc ethyl ether 0»H B 00*NC 2 H 5 '00 2 H B , or 
upon tho ethyl ether of benzaldoxime „ 

OflHg CII : N00 2 H 6 

(Lossen and Zanni, ibid. 182, 223). 

A strongly smelling inflammable liquid, 
miscible with water, alcohol, , or ether ; gives 
with AgNOj a white precipitate, which, on heat- 
ing, is changed to metallic silver; with acids, 
forms salts, e.g. C 2 H 7 ON,H61, scaly plates, 

1 m.p. 128°, decomposed by heating with HC1 to 
150° into CjjHjCl, NH 3 0, H01, and NH 4 C1 ; unites 
with PtCl 4 to form (C 2 H 7 ON,HCl) a PtCl 4 ; pris- 
matic crystals, soluble in water and in absolute 
alcohol (Lossen and Zanni). The sulphate 
(0 2 H 7 ON),H 2 SO 4 crystallises with difficulty, and 
is soluble in water and in alcohol. 

0-Ethyl hydroxylamlne C a H £ NH*0H; m.p* 
59°-60°, withf decomposition ; sp.gr. 0*9079 
at 63*9° (Brtihf). Formed by faea&ng for 8 
; hours at 140% 0-ethyl-a-benzylhydroxylamine 
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with eopc. HOI (Behrend and Leuchs, Anpalen, 
from hydroxylamine and EtI 
(Lfliwlle Bruvn, Bee. trav. chim. 13, 48; 
Hants*® and Hilland, Ber. 31, 2065 ; Dunstan 
and Golding, Che* Soc. Trans. 75, 807) ; by 
heating 1 part w-nitrobenzylaldoxime-N-ethyl 
ether with 7 parts cone. HCfl (Kjellin, Ber. 26, 
2378) ; by electrolytic reduction of nitroethane 
in H a S0 4 solution at l6°-20° (Pierron, Bull. Soc. 
chim. [3] 21, 764L 

It is very easily soluble in water or alcohol, 
less so in ether, benzene, or cold ligroin. It 
reduces Barroawil’s solution, and is reduced by 
HZ to C 2 H a NH 2 . 

3/8- Diethyl hydroxylamlne (C 2 H 6 )>N OH ; 
b.p. 130°-134°. with decomposition (Dunstan 
and Golding), b.p.*at 15 mm. 47°-49° (Lachman) ; 
sp.gr. 0-8771 at 15715° (D. and (!.), 0 8784 
(L.). An oil formed by action of EtI upon 
NHjjOH, and also from (C 2 H a ) 2 NH and I1 2 0 2 
(D. and G. Chem. Soc. Trans. 75, 800). From 
addition product of diphenylnitrosamine and 
Zn(Et)» by, deoofnposition with water, along 
with (liphenylamioo and Zn(OH)., (Lachman, 
Ber. 33, 1022). 

Is a feeble base, soluble in water, alcohol, or 
ether. Reduces # AgN0 3 and Hg01 2 , and, on 
heating, CuS0 4 . Reduced with HI, yields 

(C 2 h 6 ) 2 nh. 

a/3-Dlethyl .hydroxylamlne # 0 2 H r ,NH-OC 2 H 5 ; 
b.p. 83° ; sp.gt. 0 829 at 0° ;* formed by inter- 
action of a-ethylhydroxylamino and EtBr. It is 
easily soluble in water, alcohol, or ether. Heated 
with cone. HC1 at*200°, yields HN 2 (C 2 H.,) and 
OjHjCl (Losson, Annalon,' 252, 230). 

The hydrucliloride C 4 H,,NOHCl of an iso- 
meric compound is obtained by action of Sn and 
HC1 upon C 2 H 5 NO a (Lossen, ibid. Suppl. 6, 238). 
The salts aro more solublo in water than those 
of hydroxylamine. The froe base is a syrup, 
easily soluble in water, and has strong basic 
properties. The platinum salt is in the form of 
orange-yellow plates, soluble in warm alcohol 
and in water. 

Trlethyloxamine (0 2 H 5 )j,NO is a colourless 
crystalline mass obtained from 0/9-diethyl- 
hydroxvlamine and EtI. Also from NEt 3 and 
H a 0 2 (buns tan and Golding ; Lachman). 

It is very easily soluble in water, less so in 
0HGl a and insoluble in other. Decomposes on 
heating. Reduces Barrcswil’s solution on heating. 
It gives a precipitate with CuS0 4 and AgN0 3 . 
On reduction, yields triethylamine. 

Triethyl methyl ammonium iodide 

N(-C 2 H 5 ) 3 CH 3 I 

obtained by action of N(C a H a ) 3 upon CH 3 I 
. (Hofmann, Annalsn, 78, 277) (for other Saits, 
v. Topsoii, J. 1883, 620). Tho picrate melts at 
267°-268° (Lossen, Annalon, 181, 374). 

Diethyl dimethyl ammonium iodide, obtained 
from N(CH 8 ) a H an<f C a H ft I ; or from N(C 2 H 6 ) 2 H 
and CHgl (V. Meyer and Lecco, Annalon, 180, 
177) (for other Sails, v. Topsoe, l.c.). The 
piorate melts at 285°-287° (Lossen, Annalon, 
181, 3741. , 

Ethyl trimethyl ammonium Iodide is formed 
from (CH 3 ) 3 N and C 2 H a I (Mttller, ibid. 108, 1) 
(fttr other Salts , v. Topsoe). Therpicratc melts 
at 299°-300° (Lossen). * T 

Tri ethyl *rof>yl ammonium iodide 

N(O a H,),<C a H,)I • 

Vou II.— T. 


crystallises in large needles (Mendius, Annalen, 
121.136). 

Diethyl woamylamine N(C.H 8 ) 2 (C a H n ) ; b.n. 
154°; from the distillation of N(C 2 H a ) 3 (C 8 Hii)OH 
(Hofmann) ; [N(C 2 H s ) 2 C 3 H n ,HCl] 2 PtCl 4 , yellow 
needles. 

Triethyl woamyl ammonium iodide 

N(C 2 H 6 ) 3 (C 6 H U )I 


formed by the action of N(C«H 6 ) 3 upon C a H n I 
(Hofmann, Chom. Soc. Trans. 1862, 4, 313; 
Annalon, 78, 279) ; the hydroxide decomposes 
on heating as follows : — 


C 5 H n (C 2 H fi ) 3 N-OH 

=N(c 5 h u )(g 2 h 8 ) 2 +c 2 h 4 +h 2 o 


Diethyl methyl j'soamyl ammonium iodide 


N(C 2 H 5 ) 2 CH 3 (O a H n )I 


is formed from N(C 2 H 5 ) 2 (C a H n ) and CH„I 
(Hofmann). 

Ethyl-methyl-uoamylamine 


NG 2 H U (CH,)(C 0 H U ) ■ 

b.p. 135° ; is obtained by distillation o? the 
hydroxide of the radical of the preceding com- 
pound (Hofmann). 

Acetethylamide CH 3 -CONHC a H 5 ; b.p. 205°, 
sp.gr. 0-942 at 4*5° (Wurtz) ; b.p. 204 Q -205° 
(Titherley) ; from ethyl acetate and ethylamine 
(Wurtz, Ann. Chim. Phys. (3| 30, 491 ; Oompt. 
rend. 36, 180 ; Annalen, 76, 334) or from 
C.,H 5 NCO and HC 4 H 3 0 2 (Wurtz, ibid. 88, 315) ; 
from CHjCONHNa and EtI at 150°. Tho 
hydrochloride forms deliquescent needles, melt- 
ing at 60°. With NaNH, yields CH 3 CONNaC a H 5 , 
which, with KMcSG 4 , gives CH 3 CONMeEt,an oil 
boiling at 180°, and soluble in water (Titherley, 
Chom. Soc. Trans. 1901, 393). By action of Cl 
yields ethyl acetyl nitrogen chloride NClEt(C 2 H„0) 
(Norton, Tcherniak, Bull. Soc. chim. fii.l 30, 106 ; 
Compt. rend. 86, 1409), an oily unstable liquid, 
slightly soluble in water. 

Acetdiethylamlde N(C 2 H r ,) 2 C 2 H 3 0 ; b.p. 
185°-1 86°: sp.gr. 0-9248 at 8-5° (Wallacb, 
Annalen, 214, 235). 

DIacetylethylamide NC 2 H 6 (C a H 3 0) 2 ; b.p. 
185°- 192° (Wurtz); spgr. 1-0092 at 20° (W.) ; 
by heating EtNCO with (C 2 H 3 0) 2 0 to 200° 
(Wurtz, Ann. Chim. Phys. (3] 42, 43). 

Ethyl hydrazines ; Ethylamide. 

1. Ethyl hydrazme C 2 H a HN*NH a ; b.p. 
99-5° at 709 mm., is prepared by reducing 
nitrosodiothyl urea N(C 2 H f) )H*CO'N(NO)C 2 H B 
by means of zinc-dust and acetic acid; this 
yields ethyl hydrazine urea (semi-carbazide) 
^((LH^H'CO'NlNHjJCgHj, and this, by action of 
Hd, forms C 2 H 5 HNNH 2 , CO a , and C 2 H 6 NH 2 ; « 
by passing in HC1 the chloride separates out, 
which is then decomposed by strong KOH solu- 
tion and solid KOH, and the resulting oily 
liquid distilled over BaO (Fischer, Annalen, 
199, 287) ; also by reducing ethylnitramine with 
Zn and HC1 (Thiele and Meyer, Bor. 29, 963). 

Is a colourless liquid, with faintly ammoniacal 
odour ; has great affinity for water, in which 
it is soluble, as also in alcohol, ether, chloro- 
form, Ind benzene ; fumes in air and destroys 
ccfrk and caoutchouc ; reduces BarreSwil’s solution 
in the cold. Br water liberates N. It precipi- 
tates ipotaluc oxides, and gives the wonifcnle 
reaction with KOH and CHCl a .» Forms two 
•chlorides#: (1) C 2 H 8 *L,2HC1, white needles, very 
• 2 X 
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soluble in water and alcohol ; on heating to 110° 
yields (2) C 2 H fl N 2 ,HCl, an amorphous homy 
deliquescent body. The sulphate crystallises 
from alcohol in thin plates, and is very soluble 
in water. By heating C 2 H B NH-NH 2 with K 2 S 2 0 7 
at 80°~100°, 'potassium ethyl hydrazine sulpha- 
nate C 2 H B N1INHS0 3 K is obtained ; this forms 
fine needles, very soluble in water, much less 
soluble in alcohol or ether (Fischer). 

2. as-Diethylhydrazine (C 2 H B ) 2 N‘NH 2 ; b.p. 
96°-99° ; prepared by action of zinc-dust and 
acetic acid upon a solution of nitrosochethyl- 
amine (0 2 H S ) 2 (NO)N ; 30 grams (C 2 H B ) 2 (NO')N 
dissolved in 300 grams water are mixed with 
150 grams Zn dust and 150 grams C 2 H 4 0 (of 
50 p.c.) kept at 20°- 30°, and, towards the end, at. 
40° -50 n . Excess of Zn is then dissolved by HC1, 
an excess of NaOH added, and the mixture 
distilled ; the distillate is neutralised with H01 
and NH 4 01 separated by crystallisation. From 
the mother liquor (C, 2 H B ) 2 N 2 H 2 mixed with 
(C 2 HJ 2 FTN is freed by solid KOH. By the 
action, of HONO diethylhydrazino urea (semi- 
carhazide) NH 2 'CO-NH-N(G 2 H B ) 2 is formod. 4 
grams of tins compound are heated with 15 
grams of HOI in a sealed tubo at 100°, diluted 
and the NH 4 C1 separated ; on treatment with 
KOH, pure (0 2 H 5 ) 2 N 2 H 2 is obtained (Fischer, 
Annalen, 100, 308). 

Is a colourless liquid with a faintly am- 
moniaeal smell, very hygroscopic and soluble 
in water, alcohol, ether, chloroform, and ben- 
zene ; reduces Barreswd’s solution only on 
warming ; is monobasic ; the salts are soluble in 
water and alcohol, and difficult to crystallise. 
f(0 2 H 5 ) 2 N 2 H 2 -HClJPt01 4 forms fine' yellow 
needles, soluble in water. With SOCL in ice- 
cold ether, yields (0. 2 H B ) 2 N-NS(), an aromatic 
oil, b.p. 73" at 20 mm. It is slowly hydrolysed 
by water (Michaelis and 8 tor beck, Ber. 20, 
310). 

3. sym- Diethylh ydraz i // e C 2 H ,/IlN‘NH -C 2 H B ; 
b.p. at 758 mm. 84°-86°. Formed by heating 
at 100° for 3 hours 1 part sym-diet.hyl-diformyl- 
hydrazide and 2 parts fuming HC1 ; an oil; 
heated with cone. HC1, at 155°, yields NH 4 Cl 
and C„H B Cl. With yellow HgO forms HgEt 2 . 
With KWh, yields ethyl nitrite. The hydro- 
chloride melts at 160° with decomposition 
(Harries, Ber. 27, 2279). 

Triethyl-azonium Iodide (C 2 II 5 ),NNH 2 1 is 
formed by action of diethylhydrazino upon 1.J 
times its weight of C,H 5 1 (Fischer, Annalen, 
199, 316). It forms needles very soluble in 
water and in hot alcohol ; insolublo in ether and 
strong alkalis. By action of Ag z O, gives the 
"strongly alkaline free base, which, on heating, 
yields (C 2 H S ) 2 N-NH 2 and C 2 H 4 . By tho action 
of nascent H (Zn and H 2 S() 4 ), the iodide yields 
HI, NH a , and (C 2 H 6 ) 3 N.‘ 

Tetra-ethyltetrazone(C 2 H 5 ) 2 N-N:NN(C 2 H B ) 2 ; 
by the action of yellow HgO upon a cold aqueous 
solution of (C 2 H 5 ) 2 N , NH 2 (Fischer, Annalen, 199, 
319) ; is an oily liquid with a disagreeable smell, 
not volatile without decomposition, and which 
Joes not freeze at —20°. When decomposed 
by heat, yields N and (C 2 H B )H 2 N. Forms an 
explosive oily compound with 1. Is a strong 
base, thougli its salts are very unstable. It re- 
duces silver solutions with formation of a ipirror. 
The solution Ceoomposes on heating, yielding 
N, N(0 2 H 5 ) 2 H, and aldehydfc. The Pt double 


salt [(f1 2 H B ) 4 N 4 ,2HCl] 2 PtCl 4 forms yello^Mwisms 
soluble in water. J HI 

Ethylene C 2 H 4 , Olefiant gas, 
buretted hydrogen , Bicarhiretted hytifrogen, 

Elayl, Ethene , Etherin, disCWered by Dfeiman, 
Van Trootswyk, Bondt, and Lauwerenburgh 
(Crell’s Ann. 1795, [2] 195, 310, 430). Obtained 
bv action of H 2 S0 4 upon alcohol ; 'the addition 
of A1 2 (S0 4 ) 3 increases the rate of production 
(Sendorons, Compt. rend. 1’9 10, 151, 392). 
The sulphuric acid can be replaced by syrupy 
phosphoric acid, sp,gr. 1*75 (Newth, Chem. Soc. 
Trans. 1901, 915); or alcohol vapour may be 
passed over heated phosphoric acid, or over 
thin layers of aluminium sulphate at 350°-400° ; 
by the dry distillation of many organic bodies 
(hence occurs to the extent, of 4 or 5 p.c. in coal 
gas). Also formed when CS 2 and H 2 S (or PH S ) 
arc led over heated copper (Berthelot, Annalen, 
108, 194) To prepare the gas, a mixture of 
25 parts (by weight) of alcohol and 150 parts 
sulphuric; acid is heated to 170°, and a mixture 
of I part of alcohol and 2 of H 2 S0 4 is allowed to 
drop slowly into the vessel by moans of a funnel. 
The gas is pawed through H 2 S0 4 ,Na0H solu- 
tion, and then again through H 2 S0 4 . For the 
preparation of small quantities"bf pure gas, an 
alcoholic solution of C 2 H 4 Br 2 is warmed with 
granulated Zn (Sabanejeff, .T. Russ. Pliys. Chem. 
Soc. 9, 33). Equal volumes of QO and H led 
over coke impregnated with reduced Ni and 
Pd heated at 95"- 100°, yield 8-3 p.c. C 2 H 4 
(OrlolT, ihd. 40, 1588). ^ 

Ethylene is produced on an industrial scale 
by the method of Maihlo by passing the vapour 
of alcohol over amorphous alumina heated to 
360°. For details, see Sprout, J. Soc. Chem. 
lnd. 1913, 171. 

Properties. — A colourless gas, liquefied by a 
pressure of 42£ atmospheres at —l’l 0 ; b.p. 
— 105° (Cailletet, Compt. rend. 94, 1224), 
— 102°-103° (Wroblewsky, Olszewsky, Monatsh. 
4, 338), -103-9° (Burrell and Robertson); 
m.p. —169°, b.p. at 757 mm. —104-3°, sp.gr. 
0-0095 at —102-7° (Laden burg and Krugel, 
Ber. 32, 49, 1821); -102-5°, sp.gr. 0-565 

(Maass and McIntosh, J. Amor. Chem. Soc. 
1914, 36, 737) ; crit. temp. 9 ’6° ; becomes 
liquid at 1° and 45 atmospheres, at 4° and 50 
atmospheres, at 8° and 56 atmospheres, and at 
10° and 60 atmospheres (0.) ; L D = 1*26031 
(Batuecas, Helv. Chim. Acta, 1918, 1, 136). 

1 volume of water absorbs at 1°, 

0-25629 —0 -009136/, -f 0 -0001 88 R * 
volumes C 2 II 4 (Bunsen). Alcohol (of Bp.gr. 0-792 
at 20°) absorbs 3-59498-0-05772H-0-00068H a 
volumes (Carius, Annalen, 94, L33) ; H.C.p. 
—341-4 Cals. ; H.F. (from amorphous C)«= — 9*4 
Cals. (Berthelot, Ann. Chim. Phys. [6] 23, J80). 

Ethylene forms an expletive mixture with 
oxygen, and explodes, even in the oold, in con- 
tact with ozonised oxygen (Houzeau and 
Kenard, J. 1873, 319). Led through a hot tube, 
it splits up into C, H, CH 4 , C 2 H 6 , and C 2 H« 
(Berthelot, Annalen, 139, 277 ; Bone and 
(Ward, Chem. Soc. Trans. 1908, 1197). When 
heated in an iron tube under a pressure of about 
70 atmosphere^ it undergoes rapid polymerisa- 
tion at 380°-40o°. The liquid polymerisation 
products consist of mixtures of 'saturated, 
ethylonic, and polymethylene hydrocarbons ; viz. 
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hexane, heptane, octane, nonane, 
hexylene, nonanaphthene, and ajS 
ihene, hen-, deca-, dodeca-, tetradeca-, 
^ifcadeca-i^phthenes. At atmospheric 
pressure ethyleneuoes not polymerise, even at 
000° (Ipatieff, Ber. 1911, 44, 2978). Decomposed 
by leading over reduced Ni at 300° into C, t^H,,, 
CH 4 , ana H (Sabatier and Senderens, Compt. 
rend. 124, 610, 1358). By the action of the 
electric spark it forms 0 2 H 2 and H, and then C 
and H (Wilde, Zcitsch. Chom. 1866, 735). It 
combines with H to form 0 3 H„, when the 
mixturo is passed through a hot. tube (Ann. 
Chim. Phys. [4] 9, 431 ; Bull. Hoc. chim. fii.] 39, 
145), or when in contact, with Pt black in the 
cold (Wilde, Ber. 7, 354). By heating a mixture 
of C 2 H 4 and C0 2 at 400°, aldehydo is formod 
(Schiitzenberger, Bull. Soc. chim. fii.] 31, 
482). Cr0 3 converts it into aldehyde at 120° 
(Annalen, 150, 373). Fuming sulphuric acid 
absorbs readily largo quantities of C,H 4 at 
ordinary temperatures, as does also common 
H o S 0 4 sit 100°-170° (Butlerow, Bor. 6, 193), 
forming CJL.HS;)* (Faraday). f1,H* combines 
at 100° with strong 111 or HBr solution, but not 
with HC1 (Bortjhelot, Annalen, 104, 184; 115, 
114). With hromino water forms a mixture of 
ethylene broinohydrin and ethylene dibromido 
(Read and Williams, Chom. Hoc Trans. 1917, 
111, 240). No() 4 reacts witlj ethyleno to form 

ethylene nitrosite,.and N,0 5 to form ethylene 
nitrato (I)omjanow, Chom. Zentr. 1899, 1 . 1064). 
In presence of l\JBr 3 , HBr unites at 0° with 
CblD, forming CMLJtr. With 01 2 O, cMorethyl 
cMorae, elate CH 2 CH!O a C 2 H 4 Cl is formed, whilst 
CIO. yields OH a Cl OO.,H. C,H 4 combines with 
BE, in sunlight to form C 2 H 3 BF 2 (Landolph, 
B r. 12, 1586), a liquid, b.p. 124 -125°, sp.gr. 
1-0478 at 23°. Ethylene acts as a divalent 
radical, and forms salts with most of the acids. 

Ethylene acetates (Wurtz, Compt. rond. 43, 
199 ; Atkinson, Phil. Mag. [4] 16, 433). 

1. Ethylene monoacetate C 2 ll 4 (C 2 H 3 U i! )UH, 
monoacetic glycol ; b.p. 190 o -190-5° (corr.) (Per- 
kin, Chcm. Soc. Trans. 45, 505); sp.gr. M108 
at 15°/16°, 1-1018 at 25°/25° (P.) ; produced by 
action of KC 2 H 3 0 2 upon C,H 4 Br, in presence 
of alcohol (Atkinson, Ic. ; cf. Seelig, 1). R. 1. 
41507) A liquid not miscible with water ; yields 
glycol O a H 4 (()H) a by heating with C 2 H 4 Br 2 and 
alcohol (Demolo, Annalen, 177, 45) ; decomposed 
by hoating with C 2 H 3 OCl into aeotochlorhydnn 
and ethylene diacetatc (Louren^o, ibid. 1 14, 127). 

2 Ethylene diacetate C 2 H 4 (C 2 1I 3 0 2 ) 4 ; b.p. 
186°Il87 0 • sp.gr. M28 at 0° ; prepared from 
C 2 H 4 Br 2 or ?& 4 I,- and AgoM (Wurtz, 
Ann Chim. Phys. [3] 55, 433), or from C 2 II 4 Br 2 
Mid anhydrous *KC 2 H 3 0 2 at 150°- 200° (Do- 

^A liquid soluble in 7 parts of wator, isomeric 
with ethylidene diemtate CH 3 , CH(C 2 H 3 0 2 )^ ; Jcxp. 
108-8°; sp-gn 1'Ml at * 2 J 


•ed from 

aldehyde "anil' di ' 

acetate C 2 H 2 C1 2 (C 2 H 3 0 2 ) 2 ; b p. 120° at 20 mm u ; 
is nroduced by action of chloracetic acid upon 
C H (Prudllomme, Zeitsch. Chem. 1870, 397).^ 

a Ethylene acetochlorhydrln 

cich 2 -ch 2 -o-c 2 h 3 d 
b.p. 145° L. spigr. 1 1783 at 0 # ; 


mixture of glycoi and acetic acid at 100° with 1 350 parts ] 
Hcf(Sin»p8orq Annalen, 112, lA) 5 from 0 t H 4 l31, 593)], 


by heating a 


and CHjCl’COjH (ScBUtzenberger and typpman, 
ibid. 138, 325); insoluble in water; yields 
ethylene oxide by aotion of KOH. 

Ethylene acetoiodohydrin ICH 2 -CH 2 'O -C 2 H a O ; 
heavy oil ; and 

Ethylene acetobromohydrin 

BrCH 2 CH 2 -0-C 2 H 3 0 
b.p. 10r-163 o ; are prepared from 
C 2 H 4 (C 2 H 3 0 2 )0H 

by action of HI and HBr respectively, the 
former in the cold in presence of C 2 H 4 (OH) 2 and 
CH 3 -C0 2 H (Simpson, Annalen, 113, 123), tjje 
latter at 100° (Demole, ibid. 173, 120). 

Ethylene glycols. 

1. Ethylene glycol CH 2 OHCH 2 OH; glycol; 
mp. — J7-4°; b.p. 197-37° (Laden burg and 
Krugel, Ber. 32, 1821); b.p. 197°-197-5° at 
764-5 ram. (Wurt/.), 196°-199° (corr.) (Perkin, 
Chem. Soc. Trans. 45, 504), 195° at 751 "3 
mm. (Pribram and Handl, Monatsli. 2, 673) ; 
sp.gr. 1125 at 0° (W.), 11279 at 0° (P. aiyl H.), 
1-1168 at 15°/15°, 1112 at 25°/25° (Perkin). 

Discovered by Wurtz (Compt. rond. 43, 199 ; 
Ann. Chim. Phys. [3] 55, 400). Formed by 
action of othyleno diacetate upon KOH (W.) ; 
from OoH/UI and moist silver oxido at 160°-200° 
(Simpson, Annale n, Suppl. 6, 253) ; by heating 
ethylene monacetato with Ba(OH) 2 or with 
water in sealed tubes (Debus, Annalen, 110, 
316) ; by heating a Btrong aqueous solution of 
nourino, when glycol and N(CH 3 ) 3 aro formed 
(Wurtz, ibid. Suppl. 6, 200); by heating 
ethylene chloride or bromide with Pb() and 
15-20 times its volume of water at 140°- 170° 
(Eltokow, Ber. 6, 558) ; or with ferric oxide, or 
with an alkali formate and an alcohol under 
pressure ; from ethyleno bromide and water 
at 140°-150° (Niedcrist, Annalen, 186, 393) ; 
together with polyethyleno glycol, by action of 
C 2 H 4 0 (oxide of ethylene) upon water in sealed 
tubes (Wurtz, ibid. 113, 265). 

A mixturo of glycols, in which ethyleno 
glycol predominates, may be prepared by 
decomposing petroleum vapours in an iron tube 
heated at about 650°, converting tho product 
into dichlorethano, &c., purifying this com- 
pound by distillation and treating the distillates 
with alkali carbonates in a closed vessel (Hibbert, 
Met. & Chem. Eng. 19 J 8, 19, 571). 

Preparation.— 1. 600 grams ethylene bromide, 
700 grams fused potassium acetat-e, and 1500 
grams alcohol (sp.gr. 0"83) are heated in a flask 
with reflux condenser until all action ceases ; 

And, filtered from KBr and filtrate distilled ; 
the portion distilled above 140° is decomposed* 
by slight excess of Ba(OH) 2 and heated for 12 
hours on water-bath. The excess of baryta is 
removed by C0 2 , the liquid evaporated to one- 
third its volume, the residue treated with a 
mixture of alcohol and ether, the liquid re- 
moved from the crystals and distilled, first on 
water-bath, to separate alcohol and ether, and 
then over the flame; the portion distilling 
above 185° is then redistilled (Erlenmeyer, 
Annaffen, 192, 244). 

• 2 . A mixture of 188 grams ethylene bromide, 
138 grams jpotassium carbonate and 1 litre of 


water- [or 32 parts C 2 H 4 Br», 25parts K s C0j„ 
350 parts H a OiGroscheintz, Bulllsoc. chim. [ii.j 


is Eeate* with reflux condenser for 
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10 hours,, is then evaporated to small volurrfe 
on water-*bath, the liquid portion poured off the 
crystals of KBr, the latter are washed with 
absolute alcohol. The filtrate and alcoholic 
washings are thon distilled as in previous method ; 
a loss owing to formation of u,,H 3 Br is experi- 
enced by this process (Zeller and Hii finer, J. 
pr. Chem. [2] 11, 229). Haworth and Perkin 
(Chem. Soc. Trans. 1896, 176) obtained a 60 p.c. 
yield by digesting 138 grams K 2 CO, in 1000 c.c. 
HjO with 188 grams C 2 H 4 Br 2 under a reflux 
condenser. The solution is evaporated very 
slowly to a syrup, and then extracted with a 
mixture of alcohol and ether. 
t * 3. 1 part of othylene bromide and 26 parts 
water aro heated to 100° in a sealed vessel for 
130 hours. This method gives a yield of over 
60 p.c. of tho theoretical amount (Nioderist, 
Annalen, 196, 364). 

4. Glycol di acetate is decomposed with 
powdered Ca(OH) 2 , and the mixture distilled 
under reduced pressure. The yield of glycol is 
93 p.c. of theory (Henry, Rec. trav. chim. 18, 
221). ' 

6. It may also be prepared by heating 
ethylene diacetato with methyl alcohol and 
hydrochloric acid (Henry, Bull. Acad. Roy. 
Belg. 1896, 732). 

6. 1 mol. of ethylene dichloride, 6 vols. of 
methyl alcohol and 3 mols. of sodium formate 
are heated together at 165°-] 70° in an auto- 
clave for 7 hours. After cooling, the methyl 
alcohol is separated and distilled at ordinary 
prossuro, the glycol under reduced pressure 
(Brooks and Humphrov, J. Ind. Eng. Chem. 
1917, 9, 760). 

Glycol is a colourless, odourless, syrupy 
liquid with sweet taste,, miscible with alcohol 
and water, but almost insoluble in other. 100 

E arts ethor dissolve 11 part of glycol (Knorr, 
;er. 30, 912). It dissolves NaCl, ZnCl 2 , and 
many other chloridos ; also K 2 C0 3 , KOH, and 
Oa(OII),. 

By action of oxidising agents, e.g. platinum 
black, it forms glycollio acid. Nitric acid 
converts it into glycollic acid, glyoxylic acid, 
and oxalic acid (Debus, Annalen, 110, 316). 
Heated with solid KOH to 260°, glycol yields 
potassium oxalate and hydrogen (Wurtz). 
Heated with large quantity of water at 200°~210° 
yields aldehydo (Nevole, Bull. Soc. cliim. |ii. 1 26, 
289) ; ZnCl 2 at 260° decomposes glycol into 
aldehyde, crotonaldehydo, and water. By elec- 
trolysis of an acid (H 2 S0 4 ) solution of glycol, 
formic acid, formaldehyde, C0 2 , traces of a 
sugar and a non-volatile acid, not glycollic. are 
formed, (Lob and Pulvormachor, Zeitsch. 
Elektrochem. 1910, 16, 1). Chlorine forms 
a crystallisable halogen compound, m.p. 39°, 
b.p. 200° ; and an oily body, C e H )2 0 4 , b.p. 240° 
( Mitscherlich, J. 1863, 4$5). H 2 0 2 in presenco 
of ferrous compounds yields glycollic aldohyde 
(Fenton and Jackson. Chem. Soc. Trans. 1899, 
75). Heated with aldebydos, glycol yields 
ethylene oxide derivatives, e.g. glycol and cenan- 
thaldehvde ; heated at 125°-130° for some days 
yield ethyleno oenanthylidene oxide 1 

b.p. 180° ; similarly, valeraldehyde Ind propal- 
dehyde yield b.p. 142°: 


and b.p. imUT. 

respectively (Lochert, Bull. Soc. chim, pffptB, 
337, 716). With Na and EtI, yields glycol 
monoethyl other, a liquid Ufciling under 748 
mm. at i34*8°, and having a density of 0*93536 
at 15715° (Palomaa, Ber. 42, 3873). 

Glycol is converted into glycollic -acid by the 
action of Bacterium, aceti , provided the acid be 
neutrabsed (e.g. by CaC0 3 ) as • fast as formed, 
otherwise after a short time the glycollio acid 
formed stops the further action (A. J. Brown, 
Chom. Soc. Trans. 51, 638). NH 4 C1 and glycol 
at 300°-400° form collidine C 8 H U N*HC1 (Hof- 
mann, Bcr. 17, 1905). Phosgene gas at ordinary 
temperatures converts glycol into glycol carbonate 
CO(()CH 2 ) 2 (with liberation of HC1), a stable 
compound, soluble in water, alcohol, and ether, 
and crystallising in colourless needles (Nemi- 
rowsky, J. pr. Chem. [2] 28, 439). Heated with 
strong formic acid for some time (Henninger, 
Bor. 7, 263), or with oxalic acid (Lorin, Bull. 
Soc. cliim. [ii.] 22, 104), gives' glycol fyformm 
C 2 II 4 (CH 2 0) 2 , b.p. 174°; in the latter case 
formic acid is also produced. With mineral 
acid or dehydrating agents yields acetaldehyde, 
ethylideno ethylene ether and chiefly diethy- 
lene, ether (Faworsky, 

J. Russ. Thys. Chem. Soc. 1906, 38, 741), 
By action of sodium on glycol, wo get 
sodium clhylrnate C 2 H 4 (OH)ONa, a white crys- 
talline deliquescent body, wlpph, on heating 
to 190° with more sodium 1 yields disodium 
ethylenate , a deliquescent mass. Tho former, 
with C 2 Il 3 Br in a sealed tube, yields ethylene, 
glycol, NaBr, and probably NaCH0 2 (Wort/.). 

He Coninek (Bull. Acad. Roy. Belg. 1905, 
360) distinguishes between glycol and glycerol 
os follows. Uranyl sulphate is dissolved in a 
small quantity of water, excess of ethylene 
glycol added, the whole placed in a flask and 
exposed to sunlight. In 2 hours tho liquid is 
quite green, and in 2J hours uranous sulphate 
is precipitated. With glycerol no such coloura- 
tion or precipitation takes place. 

Glycol forms a number of cyclic esters and 
cyclic compounds analogous to tho metallic 
saccharatcs (Bischoff, Ber, 40, 2803 ; Grim and 
Bockiseh, ibid. 41, 3465). c 
2. Diethylene glycol 

HOCH 2 CH 2 OCH 2 CH a OH 

b.p. 250°, sp.gr. M3? at 0°; V.D. =3*78 at 
311° (calc. 3*67) (Louron<;o, Ann. Chim. Phys, 
[3 1 67, 275); from ethylene oxide and water, 
or better, ethylene oxide and glycol at 100° 
(Wurtz) ; from glycol and erthylpne bromide 
or bromhydrin at 115M20 0 (Lourengo) ; by 
action of glycol monoacetate # upon sodium 
glycol at 130°- 140° (Mohs, Zeitfech. Chem. 1866, 
495). 

An oily liquid, soluble in water, alcohol, and 
ether ; concentrated HI at 100° forms C 2 H 4 I 2 ; 
oxidised by HN0 3 to glycollio acid, oxalio acid, 
and diglycollic acid C 4 H g 0 5 . The< cMorkydrin 
0*H 9 0 2 C1, b.p. 180°-] 85° (L.), 190°-200° (W.), 
is formed by leading HC1 into ethylene oxide, or 
from ethylene /oxide and ethylene chlorhydrin 
at 140° (WurtC,(Ann. Chim. Phy|. [3] 69, 338). 
1 molecule ethylene chlorhydrin and £ molecules 
i glycol are heatbd at 140°, saturated with^HCl 



and again heated at 100° (Lourengo, ibid* [3] 67, 
* liquid soluble in water. 

The bromhydrin, b.p. 206°, is prepared from 
glyeol and ethylene bromide at 160° (L.). 

3. Tri ethylenS glyeol 



C 2 H 4 (0H)*0*C 2 H 4 *0*C 2 H 4 OH 

b.p. 290° ; sp.gr. 1*138 ; a liquid miscible with 
alcohol and water, and oxidised by HNO a to 
diglycd-ethylcnia' acid C ft H ja 0 6 (Loureuyo; 
Wutrz). , 

The chlorhydrin 0 6 H 13 0 3 C1 : b,p. 222°-232° ; 
is a liquid soluble in water ( !-».). 

The bromhydrin C 6 H J3 0 3 Br; b.p. (with de- 
composition) 250° (L.). 

4. Tetra-ethylene glycol C 8 lI 1(( O s ; b.p. 230° ; 
at 25 mm. (L. ; W.). 

The chlorhydrin O h H, 7 () 4 C1 ; b.p. 2(i2°-272° ; 
is soluble in water (L.). 

5. Penta-ethylene glycol C,„H 22 0„; b.p. 
281° at 25 mm. ; a viscid liquid soluble in wator, 
alcohol, and ether (L.). 

6 . Kexveihylene glycol C J2 H 23 0 7 ; b.p. 325° 
at 25 mm. ; a very viscid liquid (L.). 

Ethylene bromide C 2 H 4 Br 2 or 0H 2 Br*CH 2 Br ; 
m.p. 9-975° (Moles, Anal. Fis. Quim. 1912, 10, 
131), 10*012° ^Siron, Zeitsch. physikal. (’hem. 
1913, 81, 590) ; b.p. 131 *0° (R ), 129*5° at 745 
mm. (Anschutz, Annalcn, 221, 137), 1 30*39° 
(oorr.) (Thoimo and Rodger) ; sp gr. 2*1804 at 
20° (Biron, i.c.),« 2*2132 at 0 /4°, 2*1901 at 
10 * 974 ° (Thorpe. Chem. Hoc. Trans. 37, 177); 
by action of 0 2 H 4 and Br (Balard, Ann. Chim. 
Phys. [21 32, 375) ; formed together with 
ethylidene bromide CH,(’HBr i by heating 
C;;rt 5 Br with Br to 180° (Tawildarow, Annalen, 
176, 14). From C 2 H 6 C1, Br, and iron wire at 
P>0° (V. Meyer and Petrenko, Ber. 25, 3307) ; 
also from C 2 H 2 Br, Br, and AlBr a at G5°-70° 
(Mouneyrat, Bull. Soo. chim. [iii.] 19, 497). 

Preparation.— 1. Ethylene, purified by passing 
through H 2 S0 4 and NaOH solution, is led into 
bromine covered with water, contained in a wide 
tube, until the colour of tho Br disappears ; the 
product is washed with NaOH and wator, dried 
by CaCljj and distilled (Erlenmeyer and Bunte, 
Annalcn, 168, 64 ; Erlenmeyer, ibid. 192, 244 ; 
Pridoaux, Chem. News, 1916, 113, 277). 2. By 
heating togethor at 150° in glacial acetic acid 
glycol diacctatb and HBr, a quantitative yield 
of C 2 H 4 Br a is obtained (Perkin and Simonsen, 
Chem. Soo. Trans. 1905, 856). 

Is a colourless mobile liquid with a pleasant 
smell and sweet taste ; V.D. 6*485 (Regnault). 
When heated with water to 150°- 160°, it. yields, 
first glycol, and, on longer heating, HBr and 
aldehyde (Carius, Annalcn, 131, 173). Zn acts 
upon an aleohdlic solution of C 2 H 4 Br 2 with 
formation of C 2 H 4 and ZnBr 2 (Gladstone, Ber. 
7, 364) ; by heating with KI and water, ethane 
is* produced. Alqpholic KOH yields 0 2 H 3 Br, 
and in excess C 2 H 2 . Heated with AlBr a at 
100°-110°, yields CjH. and C 2 H 2 Br 4 ; With 
Cl and AlClg, yields C 2 Cl fl (Mouneyrat). 

Aqueous KOH produces, after long contact, 
O.H.Br (Sttfmpnevsky, Annalen, 192, 240). By 
he ating with strong NaOH and KOH solutioti, 
irlvcol and 0,H 3 Br are produced. If C a H 4 Br a 
no heated witn excess of H 2 0 arid PbO to 220 , 


ETHYL. 

Seated with strong HI solution, * , 

(Sororkin, Zeitsch. Chem. 1870, 519). 
with Ag 2 0 and water, aldehyde is product, 
and when heated with Ag a CO a and water, yields 
glycol (Beilstein and Wiegand, Ber. 15, 1368). 
Treated with Ag 2 S0 4 and benzene, yields 
dibromethyl sulphate (C 3 H 4 Br) a S0 4 ; with 
AgoS0 4 and water, bromethyl Bulphuno acid 
(C 2 H 4 Br)HS0 4 (B. and W.). 

Bromethylene bromide CH,Br*CHBr 2 ; b.p. 
180*5° (Wurtz, Annalen, 104, 243), 187°- 188 
at 721 mm. (Denzel, ibid. 195, 202), 191° 
(Tawildarow, ibid. 176, 22), 73° at 11*5 mm., 
83° at 18 mm., 187°-188° at 751 *5 mm. (Anschtitz, 
ibid. 221, 138); sp.gr. 2*624 at 16° (T.),t 
2*620 at 23° (W.), 2*6189 at 17*574°, 2*6107 
at 21*574° (A.). 

Prepared from monobromethyleno and Br 
(Wurtz) ; from C,H 3 i and Br (Simpson, J. 1857, 
4(H) ; from C.,H 3 Br and Br at 170° (Hofmann, J. 
I860, 364); or from 0 2 H 4 Br, and Br at 200° 
(Tawildarow) ; decomposed by K0 2 H«0 3 at 150 , 
or by H 2 0 and PbO into dibromcthylqjie and 
HBr. C,H 5 Na() yields ethylidene dibromide 
(Oray, Chem. Soc. Trans. 1897, 1024). Alcoholic 
KOH given (!,H s Br„ C.,H 2 , and bromacetylene 
C., HBr. When heated with excess of absolute 
alcohol, C 2 H & Br and probably O s H s BrO brom- 
tthlehyde, aro formed (( ilockner, Annalen, Suppl. 
7, 110). 

Tho isomeric body CH a CBr a is not known. 
Dibromethylene dibroralde C 2 H a Br 4 . Two 
isomcrides are known. 

1. Acatylidinc Mrabromide ; CH 2 Br*CBr| 
boils with decomposition at 200° ; b.p. 103*5 
at 13*5 mm.; sp.gr. 2*9292 at 17*574 , 
2*9216 at 21-574 0 (AnschUtz, Annalen, 221, 140). 
Formed from iw-dibrornothyleno CH a : CBr 3 and 
bromine (Lennox, ibid. 122, 124 ; Chem. Soc. 
Trans. 1862, 206 ; Eeboul, Annalen, 124, 270). 
From C 2 H fl Br and Br at 180° a compound 
C 2 H 2 Br 4 is produced, which boils with decom- 
position at 208°-211° (Tawildarow). By heating 
a mixture of pvrotartanc acid and bromine 
with water at ’150° (Bourgoin, Ann. Chim. 
Phys. [5J 12, 427). 

2. Acetylene Utrabromidc CHBr a CHBr a ; 
b.p. 137°-137*2° at 36 mm., 114° at 12 mm., at 
15 mm. 124°-126°, at 54 mm. 151°; sp.gr. 
2 9710 at 17-574°, 2*9629 at 21 5°/4° (Ansohtttz, 
Ber. 12, 2974, and Annalcn, 221, 139); decom- 
poses at 190° into HBr, Br, and C 2 HBr 3 

By leading C 2 H 2 into bromino covered with 
water (Reboul, Annalen, 124, 269 ; Berthelot, 
Bull. Soc. chim. [ii.J 5, 97); the 


purified by distillation and treated with bromine 
Anschutz, Annalcn, 221, 139); by action of 
Br and AlBr 3 at 105°- 110° upon C,H«Br, 
(Mouneyrat, Bull. Soc. chim. [iii.] 19, 498). 
A liquid smelling of camphor and chloroform; 
decomposed by heating or by action of Na j i by 
heating with alcoholic KOH, C a H 2 and C a HBr 
ark produced. Cl produces C 2 Cl 4 Br 2 (Bourgoin, 
Bull. •Soc. chim. [ii.] 23, 4) ; when heated with 
Br and water to 180°, yields C 2 Br 4 and C a Br 4 
(AnschUtz)^ with C e H e and AlCl a , produces 
anthracene ; heated with anUme, dimethyl* 
aniline, or alcqholio NH S , yields HtHBr ; CBr a . 
Pentabromlthan CHBr a *CBr, ; m.p. 56 -57° 
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(Beurgoip), 64° (Denzel, Ber. 12, 2208), 48°-k>° 
(Reboul) ; boils with decomposition at 210° (at 
300 mm.) (Denzel). From C 2 HBr 3 (Elbs and 
Nowmann, J. pr. Chem. [2] 58, 264 ; Lennox, 
Annalen, 122, 125) or C 2 HBr (Reboul, ibid. 124, 
268) and bromine. By slow oxidation (by 
exposure to air) of C 2 HBr 3 (Domole, Bull. Soc. 
ehim. [ii.] 34, 204) ; from C 2 H 2 Br 4 and Br at 165° 
(Bourgom, ibid. 23, 173). Forms prismatic 
needles soluble in alcohol and ether. 

Perbromethane C 2 Br # w. Carbon tkibkomjdk. 

Ethylene bromoiodide ; m.p. 28° ; b.p. 163° ; 
sp.gr. 2*516 at 29°. From C 2 H 3 Br and cone. HI 
at 100° (Reboul, Annalen, 155, 213). From 
Oj,H 4 and LBr (Simpson, J. 1874, 326). Needles, 
w^th alcoholic KOH yields, in the cold, C 2 H 3 I 
and HBr, and on warming HBr, HI, and 0,H 2 . 
Forms iodoform with alcoholic CH.COOK at 
100 °. 

Ethylene bromhydrin C 2 fl 4 Br*OH, Glycol 
bnmhjdrin ; b.p. 150°-152°, at 18 mm. 63°-64° 
(Henry, J. 1889, 1321), 155° (Lourenyo, Ann. 
Chim. Phys. [3] 67, 287) ; sp gr. 1 *nti at 8" (II.) ; 
sp.gr.* 1-7195 at 18*6° (H.). From glycol and 
(’ 2 H 4 Br;, at il5°-120° (Lourcnyo) ; from glycol 
and HBr at 100°, and from CH 2 I(!H 2 ()1I and 
bromine (Henry) ; also from 3 mols glycol 
and 1 mol. PBr r , (Domole, Ber 9, 48); from 
ethylene and HBrO (60 p.c.) (Mokiewsky, J. 
Russ. Phys. (Jhem. Soc. 30, 900) ; with zinc- 
dust and alcohol is reduced to C 2 H 4 ; together 
witli ethylene dibromido by the action of 
ethylene on bromine water (Read and Williams, 
Chem. Soc. Trans. 1917, J 1 1, 240) 

Ethylene dichloride, Elayl chloride, Dutch 
liquid CH 2 C10H a Cl ; b.p. 84 *9° (Pierre, ,1. 1 847— 
48, 63), 83 ’6° (corr.) (Thorpe*, Chem. Soc. Trans 
37, 182), 84*5°-85° at 750*9 mm. (Bruhl. 
Annalen, 203, 10), 83 '3° at 749 mm. (R. SclnlT, 
ibid. 220, 90), 84 4 0 at 760 mm. (Stidel, Ber. 
15, 2563); sp.gr. 1 2808 at 0°/4° (Thorpe), 
1'2803 at 0° (Pierre), 1*2562 at 20° (llaagen, 
Bull. Soc. chim. ii. 10, 355), 1*2656 at 9*874°, 
1*1576 at 83*374" (R. Sc, luff), 1*2606 at 14 4°, 
1*204 at 02*5° (Landolt and John); b.p 83 93° 
(oorr.) (Thorpe and Rodger) refractive index ; 
at t° = 1-441406 -0 *00044 «, mol. refract. 

= 34 06 ( Kanonnikow) ; capill. constant at 
b.p. a 2 = 4*198 (R. Scluif, Annalen, 223, 72). 
By action of C 2 H 4 upon Cl (Deiman, Trootswyk, 
Bondt, ami Lauwcrenburgli, Crell’s Ann. 1795, 
2, 200) ; by leading C 2 H 4 into SbCl 5 or into 
molten CuClo (Wohler, Pogg. Ann. 13, 297) ; 
from C 2 H 6 C1 and SbCl s at 100° (V. Meyer and 
Miillcr, J. pr. Chem. [ii.j 46, 173) ; also by action 
of glycol upon 1 J 01 3 (Wurtz) or upon HC1 at 100° 
^Schorlemmor, Cliem/ Soc. Trans. 1881, 1) ;*from 
ethylene diamino and NOC1 in carefully cooled 
W- xylene solution (Solonma, J. Russ. Phys. 
Chem. Soc. 30, 606). Prepared best accord- 
ing to Limpricht’s method (Annalen, 94, 245). 
Ethylene is passed into a gently heated mixluro 
of 2 parts manganese dioxide, 3 parts common 
salt, 4 parts water, and 5 parts sulphuric acid, 
and when the mass turns yellow it is distilled. 
It can be prepared in good yield from ethylene 
and chlorine if tho temperature is kept i,t 0° ; 
at higher temperatures considerable quantities 
of triohloroethane are formed. It forms an 
oily liquid, iqsolublo in water. When heated 
with alooholicfKOH, it yields KC1 and C^H,C1, 
apd with K it forms H,*KC$ and,C 2 H 3 Cl 


(Liebig, Annalen, 14, 37). Heated with AICl a 
to 80 -85° is decomposed into HC1 and CJI 2 
(Mouneyrat, Bull. Soc. chim. [iii.] 19, 446), With 
NHg it forms bases, N 2 H 4 C ? H 4 , N 2 H 2 (C 2 H 4 ) 2 , 
&c. With ethylumine, it yields collidine ( tri • 
methylpyndme C 6 Ho(CH 8 ) 3 N), C 2 H 5 C1, and also 
NH, and N(C 2 H 6 ) 3 (Hofmann, Ber. 17, 1907). 

Chlorethylene CH 2 : CHC1, Vinyl chloride ; 
at ordinary temp, a gas ; b.p. —18° to —15° ; 
by action of alcoholic KOH upon ethylene 
chloride (Regnault, Annalen, ,14, 28), or othyli- 
dene chloride (Wurtz and Frapolli, ibid. 108, 
224). To prepare it the ethylene dichloride and 
alcoholic potash are left in contact for 3 or 4 
days in the cold, and the mixture is then warmed. 
Combines with Cl to form C 2 H a Cl 3 . Poly- 
merises in sunlight, and forms a solid insoluble 
mass of spgr. 1 406 (Baumann, Annalen, 163, 
317). 

Dichlorethylene C 2 H 2 C1 2 . 

1. JHohlorelhyleue C1I 2 : CCJ 2 ; b.p. 33*5°- 

35° (Jocitseh and Faworsky) ; b.p. 37° (Kramer, 
Ber. 3, 261); spgr. 1*250 at 15°, obtained by 
action of alcoholic KOH upon CH 2 C1*CHC1 2 
(Regnault. J. pr. Chem. |ii.] 18, 80). Also by 
action of Zn shavings in alcoholic, solution upon 
the tnchlorethyl ester of acetftl acul (.Tocitsch 
and Faworsky, J Russ. Phys. Chem. Soc. 30, 
998). Polymerises easily into a solid amorphous 
insoluble body. b , 

2. Si/ni-DtcMurclhi/lenc ( AcelyU'nc dichloridc) 
CHC1 : CHC1 ; b.p. 55° ; by distillation of the 
compound of C Jl 2 with Sb('l B (Bcrthclot and 
Jungfleisch, Annalen, Suppl. *7, 253) ; also by 
action of Zn upon an alcoholic solution of 
CIICIBrCHClBr, or by leading C 2 lf 2 into 
aqueous solution of 101 (Sabanejeff, Annalen, 
216, 262). 

Trichlorethylene CHC1 : CC1 2 ; b.p. 87*4°- 
87*55°; sp.gr. 1*4904 at 474°, 1*4598 at 
25*5725*5° (Veley, Proc. Roy. Soc. 1910, B 
82, 217), 85*8°-86*07741*6 mm., m.p. -83°, 
1*4649; Dy* 1*4695 (Erdmann, J. pr. Chem. 
1912, ii. 85, 78). From isomeric compounds 
C 2 H 2 C1 4 , and alcoholic KOH (Bertholot and 
Jungfleisch) ; also by action of nascent H (Zn 
and H 2 S0 4 ) upon C 2 C1„ (Fischer, J. 1864, 481) : 
from anhydrous chloral and P 2 S 6 at 160°-170° 
(Patomb and Oghaloro, Ber. 7, 81) ; combines 
with Cl to form C 2 HC1 6 . By action of ammonia 
in aquoouB solution on tetrachloroothane (Comp, 
prod. chem. d’Alais; Eng. Pat., 132755). 

For observations on its autoxidation, see 
Erdmann (l c.). 

Tetra-chlorethylene C 2 C1 4 y. Carbon dichlor- 
ulc, art. Cajkbon Cf. Woiser and Wightman, J. 
Phys. Chem. 1919, 23, 415. 

Hexachlorethane C 2 C1„ v . r Carbon trichlor- 
ide. , art. Carbon. 

Ethylene ehlorhydrin IJ0*CI1 2 *CH 2 C1. Chlor- 
ethyl alcohol. Glycol ehlorhydrin ; b.p. 128° 
(Wurtz, Annalen, 110, 125), 132°, 5P-52 0 at 
22 mm.; sp.gr. 1*2005 at 18*6° (Henry, J. 
1889, 1321), 1*24 at 8°. From glycol and 
HC1 (gas) at 100° (W.). If excess of HC1 be 
used, C1 2 H 4 C1 2 is produced (Schorleilimor, Chem. 
Hoc. Trans. 39, 143) ; from 
(Carius, Annalen, 124, 257) ; 

C10H (Carius, /ibid. 126, 197 ; Butlerow, ibid. 
144, 40). Dri tlCl is led into glycol kept at 
148° ; the C 2 I1 4 C1(0H) distils off (Ladenburg, 

' Ber. 16, 1408). A liquid miscible with wgter ; 


glycol and Cl 2 S g 
from C,Ha and 



yields alcohol with Na amalgam and H.O 
(Lourenyo, Annalen, 120, 92). Oxidiiftd by 
CrO a to chloracetio acid (Kriwaxin, Zeitsch. 
Chem. 1871, 265) ; with KOH, yields ethylene 
oxide. C/. Gomberg, J. Amer. Chem. Soc. 1919, 
41, 1414. 

Ethylene chlorobromlde CH a Cl-CH 2 Br; b.p. 
107°-108° (Lesooeur, Bull. Soe. cliim. [ii.] 29, 484); 
sp.gr. 1-79 at 0° (L.), 1-705 at 11° (Mont- 
golfier and Giraud> ibid. 33, 12), 1-689 at 19°. 
By action of Br upon CH 3 CH1H 2 I (Henry, 
Aimalen, 156, 14) ; from C 2 H 4 Br 2 "and SbCl 5 
(Lossner, J. pr. Chem. [2] 13, 421) or C s H 4 Br 2 
and HgCl 2 at 150°-180° (M. and G.) ; by action 
of Br upon C 2 H 4 C1(0H) at 130° (Domole, Bcr. 9, 
556). To prepare it, first chlorine and then 
ethylene is passed into Br, kept under a mixture 
of equal vols. of strong HCl and water (James, 
J. pr. Chem. [2j 26, 380; also Simpson, Proc. 
Roy. Soc. 27, 118); decomposed by alcoholic 
KOH, with formation of 0 S H 3 01. 

Ethylene chloroiodide "CH 2 CICH d ; m.p. 
— 15 6° (Schn lder, Zeitsch. physikal. Chem. 19, 
157), b.p. 140° (Sorokin, Zeitsch. Chem. 1870, 
619), 140-1° (corr.) (Thorpe, Chem. Soe. Truns. 
37, 189), 137 u -138° (Meyer and Wurster, Ber. 6, 
964) ; sp.gr. *151 at 0° (S.), 2-16439 at 0°, 
2-13363 at 15-370° (T.). From Cll.l-CHJ 
and 101 ; from C 8 H 4 and an aqueous solution 
of 101 (Simpson, Proc, Roy. Soe 12, 278). 
Decomposed • by alcoholic KOH and HI and 
C a H a Cl; nascent *H yields HCl, HI, and C\H 4 ; 
moist Ag a O at 160° produces glycol (Simpson). 
Finely divided silver at 160° yields C 2 H 4 and 
CjHdlCHjCl (Friedel and Silva, Bull. Soc. 
ohim. [ii.] 17, 242). Heated with Hi solution, 
yields C,,H 4 and C a H 4 ! 2 (Sorokin). 

Ethylene cyanhydrin HOCH 2 CH,CN ; b.p. 
220°-222° at 723-5 mm.; sp.gr. 1-0588 at 0°. 
By long digestion of C.H 4 0 (ethylene oxide) 
with anhydrous HON at 50°~60° (Erlenmeycr, 
Anualen, 191, 273); miscible with alcohol and 
water ; 100 parts ether dissolve 2 3 parts 

C g H 4 (OH)CN at 15° ; insoluble in CS 2 . Forms 
a chloride with 1?C1 6 , winch boils at 174°- 
176° under 752 mm., and has sp.gr. 1443 at 
18 -5° (Henry, Bull. Acad. Roy. Belg. ui. 35, 
360). 

Ethylene cyanide C 2 H 4 (CN)j,, SuccinonUrik ,- 
m.p. 54 '5° (Npvole and Tscherniak, Bull. Soc. 
chira. [ii.] 30, 101), 51°-52° (Henry, ibid. 43, 
618) ; b.p. 158°- 160° at, 20 mm. (Pmner, Ber. 
10, 360 ), 265°-267° (H.) ; sp.gr. P023 at 45°. 
By heating on a water-bath CH 2 BrCH 8 Br with 
KCN and alcohol (sp.gr.' 0‘84) (Simpson, Proc. 
Roy. Soc. 10, 574) ; the liquid is filtered from 
the KBr, and distilled, when the alcohol is first 
removed; then the distillation is conducted 
under diminished pressure ; also is produced by 
electrolysis of potassium cyanacctate (Moore, 
Ber. 4 , 520) ; is* a white amorphous mass soluble 
in water, chlorofbrm, and alcohol ; slightly in 
carbon disulphide and ether j decomposed when ! 
distilled at ordinary pressure. Decomposed by 
heating with KOH or HCl into NH 3 and 
Buocimc a^id; with AgNO s forms plates of 
C 3 H 4 (CN) s ,4AgN0 3 , which is soluble in w%tcr 
and alcohol, and explodes when heated (Simpson). 
Ethylene diamine NH, , C l H 4 -NH t ; m.p. 8-5° 


(Kraut, Annalen, 212, 25^)1 b.p, 116-6°; 
*p.gr. QrtO? at 16° (Kraut). By heating 
C,fi 4 Cli or C t H 4 Br 2 with aiooholio NH 3 
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140° (CloiSz, J. 1863, 468) i by Mllatfon, of, 
a ft - diaminopropionio acid (Neuberg iftd Nei* 
mann, Zeitsch. physikal. Chem. 45, 110); by 
treatment of G 2 H 4 (CN)® with Sn and HCl 

« , Annalen, Suppl. 3, 372). 42 grams 
,01-CHjCl and 510 c.c. aqueous NH® 
are heated for 5 hours to 115°- 120° in a sealed 
tube; the product is then evaporated until it 
begins to crystallise, and is thon precipitated 
with 3 times its volume of absolute alcohol; 
the precipitated C 2 H 4 (NHJ 2 ,2HC1 is then 
washed with alcohol and the base set free by 
distillation with powdered NaOH (Kraut, l.c . ; 
also Hofmann, Ber. 4, 666). The by-product 
from the manufacture of chloral, consisting ,pf 
CH 2 C1-CH 2 C1, CH 3 CHC1 2 , &c., can be used. A 
thick oily liquid, with faint ammoniacal sm€ll, 
soluble in water, not miscible with ether or 
benzene ; the aqueous liquid, which contains 
C 2 H 1 (NH 2 ) 2 ,H 2 0, cannot bo freed from water by 
BaO, but only by distillation over Na. Carols 
acid oxidises it to glyoxime (Bamberger and Solig- 
mun, Ber. 36, 3831). With HCIO and HBrO, 
yields tetrachloro and tetrabromo deriv§tives ; 
e.'j. Br 2 NC 2 H 4 NBr 2 (Chattaway, Chem. Soc. 
Trans. 1905, 381). Decomposed by HN0 2 into 
ethylene oxide and oxalic acid (Hofmann, J. 
1859, 386) ; Is a strong base and forms salts ; 
combines with CS 3 to form crystals of 
* C 2 H 4 (NH 2 )/CS 2 

soluble in water, insoluble in alcohol and other. 
C,H 4 (NH 2 ),,2HC1, long silvery needles insoluble 
in alcohol". " C,K 4 (NH 2 )2HCl,PtCl 4 , yellow leaf- 
lets, slightly soluble in water (G rotes and Martius, 
Annalen, 120, 327) ; C 2 ll 4 (NH 2 ) 2 (HONS) 2 , large 
prisms, very soluble in water, m.p. 145° 
(Hofmann, Ber. 5, 245). Forms many com- 
pounds with metallic salts and a periodide 
C 2 H 4 (NH,)HM 4 , which molts at 218°. 

Diethylene diamine, Piperazine 

(C.H.WNH), or 

m.p. 104° (Berthelot); b.p. 170° (Hofmann, J. 
1858, 343), 145°- 146° (Berthelot), 140° 

(Rosdalsky). From ethylene chloride and 
alcoholic Nil 3 (Clocz ; Hofmann, Natanson, 
Annalen, 98, 291); from sodium othyleno , 
glyeollato and acid derivatives of ethylene 
diamine by heating at 250°~350° (D. R. P. 
67811); by heating the sodium compound of 
sym- diacyl ethylene diamine with anhydrous 
glycol or ethylene bromide at 200° (D. R. P. 
73354) ; by reduction of ethylene oxamide 
with zinc-dust and KOH (D. R. P. 66461). (For 
other methods of preparation, sec D. R. P. 
70055, 70056, 73125, 74028, 79121, 98031*, 
100232.) 

Forms a hydrate C 4 H ]0 N 2 ,6H 2 O ; m.p. 44° 
(Berthelot). Piperazine is not changed by 
heating with HCl or H 2 S0 4 at 200°. With , 
carbonyl chloride it forim tricarbonyl piperazine. 

It forms a periodide ^H^Nj-iJHPl^SHjO, 
m.p. 283°. The anhydrous periodide melts 
at 280° (Herz, Ber. 30, 1585). Piperazine 
reacts with 2 molecules HBrO to form an additive 
^compound, ‘which, on treatment with dilute 
alkali or piperazine solution, yields n-dibromo* 
piperazine This latter can form an additive 
compound with 2 molecules of IJBrO (Chattaway, 
Chem. Soc. "Jrans. 1905, 951). Piperazine reacts 
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with an exoess of EtI at temperature of waiter, 
bath Uf form triethyl piperazonium iodide; 
m.p. 240°. Colourless needles, insoluble in cold 
water, ligroin, C,C1 8 , C,H„ and CS 2 ; soluble in 
warm alcohol (Van Rijn, Chern. Zentr. 1898, 
1, 727) (v. Piperazine), 

syw-Diethylene diethyldiamlne 
(C 2 H 4 ) 2 (NH-C 2 H 6 ) 2 ,H a O 
b.p. 105° (Schmidt and Wiebmann, Ber. 
24, 3247); from (C a H 4 ) 2 (NH 2 ) 2 and C 2 H 5 I, 
or from C 2 H 4 Br 2 and HH/C 2 H 6 (Hofmann, J. 
1859, 389) ; from piperazine and an excess of 
KEtS0 4 in aqueous solution (Van Rijn, ('hem. 
Zentr. 1898, i. 727). It combines with salts of 
Oil, Or, Zn, and Ni. 

% us -Diethylene diethyldiamlne 
NH a , C i! H 4 \N(C st H 6 ) 2 

mobile liquid ; b.p. 145° ; sp.gr. 0‘827 at 1 8 '5°/ 
18 ‘5° ; from bromethylphthalimule and diethyl* 
amino with subsequent hydrolysis, yields a 
plalinochloride, m.p. 230° ; an aurocMoridc , m p. 
1B1°-163° ; and a picratc, m.p. 211° (Ristenpart, 
Bor. 1^9(5, 29. 2526). 

Triethylene diamine (C 2 H 4 ) 3 N 2 ; b.p. 210°; 
soluble m water (Hofmann, J. 1858, 343; 
Harries, Annalen, 294 , 350). 

Diethylene triamine 


NH/C !( H 4 NH •C„H 4 , NIIg 
b.p. (with slight decomposition) 208° ; formed 
with other products by action of NH ? upon 
C 2 H 4 Br 2 ; the double salt with PtCl 4 being Icsb 
soluble than that of triethyleno triamme, it can 
l>e sejiarated from that body (Hofmann, J. 1861, 
514). 

A strongly alkaline liquid misciblo with 
water and alcohol. Its salts are soluble in water, 
less so in alcohol, 2[(CoH 4 ) a N a H 5 ,3HCl]3PtCl 4 
forms goldon-yellow needles. 

Triethylene triamine 


C 2 H 4 


^NH*C.,H 

\nhc;h 


;>nh 


b.p. 216° (Hofmann, J. 1861, 514) ; forms salts ; 
[(0 2 H 4 ) 3 H 3 N 3 ,3HCl] 2 PtCl 4 ; long golden-yellow 
noodles moderately soluble in water ; with 
hydrobromic acid gives (C 2 H 4 ) 3 N 3 H s ,3HBr from 
aoid solutions : from weaker acid solution 
(C i H 4 ) s N s H 3 ,2HBr. 

Tetraethylene triamine (C 2 H 4 ) 4 N 3 H 3 ; bv 
action of alcoholic NH a upon C 2 H 4 Br 2 (Hof- 
mann, Ber. 3, 762) ; forms 3 series of salts with 
1, 2, or 3 molecules of monobasic acid ; the 
hydrobromides are amorphous bodies, almost 
insoluble in water, alcohol, and ether. 

Triethylene tetramine , 

. NH 2 -C 2 H 4 -NH-C 2 H 4 -NH-C 2 H 4 -NH 2 


m.p. -fl2° ; b.p. 266°-207° ; sp.gr. 0’9817 at 15° ; 
a strongly alkaline syrup from C,H 4 CJ 2 and 
C,H 4 (NH,) 2 , or from C 2 H 4 Br 2 and alcoholic 
NHj (Hofmann, J. 1801, 519) ; yields 
C e H l8 N 4 ’4HCl-2PtCl 4 

a yellow amorphous powder almost insoluble in 

Ethylene dilormln 0 2 H 4 (CH0 2 ) 2 ; b.p. 174° ; 
by heating glycol with pure formic acid (Hen- 4 
inger, Ber. 7, 263) ; also by heating oxalic acid 
with glycol (Lorin, Bull. Soc. chim. fiia] 22, 104). 
Decomposed whip heated at 200° in sealed «tu be 
into CO,, CO, ap, and C a H <v - 


Ethylene ferrous chloride C J H 4 FeCl*,2H,0 j 
by hdating FeCl 3 and ether to 160° (fcachler, 
Ber. 2, 510); forms prisms fairly soluble in 
water. The corresponding compound 


C 2 H 4 FeBr a ,2H 2 0 

is prepared by loading C 2 H 4 into a strong 
aqueous solution of FeBr 2 in sunlight (ChojnackT, 
Zeitseh. Chem. 1870, 420).; forms light-green 
deliquescent crystals. 

Ethylene Iodide CH 2 I-CH 2 1 ; m.p. 81°-82° 
(Aronstein and Kramp, Ber. 1 13, 489) ; sp.gr. 
2-07 ; from C 2 H 4 ana I in sunlight (Faraday, 
Cm. 4, 682), also in the shade, especially if 
warmed (Regnault, Annalen, 15, 67) ; a mixture 
of I and alcohol (absoluto) is saturated with 
C 2 H 4 with repeated agitation (Semcnow, J. 
1864, 483). 

Crystalline plates or prisms decomposed bv 
heating; when warmed with alcohol to 70 s , 
IC 2 H 4 OC 2 H r js produced; HgCl a gives in the 
cold C 2 H 4 ICI, and on heating C 2 H 4 C1 2 (Mau- 
mene, J. I860, 345) ; alcoholic KOH converts 
it into C 2 H a I (Regnault, Annalen, 15^ 63). 

Ethylene iodohydrln CH 2 1CH 2 0H; from 
C 2 H 4 (OH) a and gaseous HI (Simpson, ibid, 113, 
121); also by heating C 2 H 4 (k'H)01 with KI 
(Butlerow and Ossokin, ibid. 144, 42). 

An oil, b.p. 85°/25 mm. ; sp.gr. 2 ’1649 at 
18-6° (Henry, Ber. 24 Ref. 75). 

Ethylene nitrate NOaCHg-CHVNOj ; b.p. 
114°-11(>° with explosion (Demjanow, Chom. 
Zentr. 1899, i. 1064) ; sp.gr. 1-5099 at 4°, i'4960 
at 15°, 1-4860 at 26° (Perkin). *• Is formed when 
glycol is treated with HNO s and H 2 S0 4 , also by 
interaction of C 2 H 4 and N 2 0 6 ,in the cold 
(Demjanow) ; an oily liquid which is inflam- 
mable, explodes on poreussion, and is poisonous ; 
KOH converts it into alcohol (Henry, Ber. 3, 
529; also Champion, Compt. rend. 73, 671). 
On reduction yields CILCHO, C.,H 4 (NH 2 ) 2 , and 
H 2 N-CH 2 -CH 2 OH. 

Ethylene nitrite 


C 2 H 4 (NO) 2 or NO a -CH 2 CH 2 -NO 
m.p. below —15°; b.p. 96 8°; sp.gr. 1*2156 at 
0° (Bertoni). Is preparod by distilling glycerol 
trinitrite with moro than an equivalent amount 
of glycol. Soluble in alcohol to form C 2 H a ONO 
(Bertoni, Gazz. chim. ital. 15, 353) ; insoluble in 
and slowly decomposed by water! 

Nitroethylene can be prepared in 50 p.o. 
yield by the dehydration of fl-nitroethyl alcohol 
by phosphoric oxide or sodium hydrogen sul- 
phate ; an almost colourless mobile liquid, 
b.p. 98-5° ; D 13 ' 8 1 -073. Vapoui violently attacks 
the eyes and throat. Readily undergoes 
polymerisation ; with alkali tlyi change occurs 
with explosive violonce. Combines with bromine 
in ethereal solution, yielding nitroethylene di- 
bromide, colourless liquid, b.p. 97°/21 mm. 
With aniline gives N-/?-nitroethyl aniline 
NHP1 i-CH 2 -CH 2 -N0 2 , colourless leaflets, m.p. 
37° (Wieland and Sakellarios, Ber. 1919, 52, B, 
898). 

Ethylene passed into an ice-cold jnixture of 
nitric acid (D 14) and concentrated sulphurio 
acid containing 20 p.o. of Bulphur tnoxide 
yields on steam -distillation and fraotionation 
under diminished pressure ethylene dinitrate, 
colourless oil, b.p. 105-5719 mm. IT 17 k 433, and 
Q-nitrodhyl nitrate, colourless, poisonous oil, b.p. 
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120-122°/17 mm. D 18 1-468. The latter con* i < BromethyleM oxide C,H t BrO ; b.p. 
verted by phosphoric oxide into nitroethylene. From bromoglycol bromhydrin CHBr»;CH*y» 
B-Nitroelhyl alcohol is a colourless odourless and KOH {Demole, Ber. 9, 61) ; soluble m water. 
• ;J , b.p. 103°/1 1 -5 mm. D13 3 l *309, miscible Ethylene phO|phldes r. Phosj horus, Organic 

’ ' ‘ ’ ’ * ’ COMPOUNDS OP. 

Ethylene selenocyanate C l H 4 (SeCN),; m.p, 
128° (Proskauer), 138° (Hagelborg, Ber. 23, 
1092). From CH 2 BrCH a Br and alcoholic 
KCNSo (Proskauer, ibid. 7, 1281). Colourless 
needles, insoluble in cold water or ether, 
difficultly soluble in hot water or cold al- 
cohol ; dissolves unchanged in strong HNO3, 
but on heating gives ethylene setenious acid 
C 2 H 4 (Se0 3 H) a . With alcoholic alkali, yields 
ethylene disclenide (Hagelberg). 

Diethylene disulphide s <ch*ch 2 ^ 8 ; m *P* 
lir-112 0 ; b.p. 199°-200° ; V.D.-4-28 (Huse- 
mann, Annalen, 120, 280). From C a H 4 Br t 
and K a S (Crafts, ibid. 121, 110; 128, 220); 
also by heating C 2 H 4 CS 3 or C ? H 4 S 2 Hg with 
C a H 4 lir 2 at 150° (H.). 

Crystallises from alcohol in needles or leaflets, 
from ether in thick prisms which are volatile at 
ordinary temperatures ; combines with Br and 
certain salts, but not with NH 3 ; oxidised by 
HN0 3 to (C 2 H 4 ) 2 8 2 0 2 . The bromide 
(C a H 4 ) 2 S 2 Br 4 

is a lomon-yollow amorphous body, m.p. 96°, 
vory unstable; the iodide (C 2 H 4 ) 2 S 2 1 4 , m.p. 
132°- 133°, forms iron -black monoclinie needles, 
insoluble in water. The oxide (C 2 iI 4 ) 2 S a 0 4 can 
also be obtained by decomposition of the chloride 
or bromide ; witli water, forms crystals which 
decompose without fusion on heating, and are 
soluble in water, almost insoluble in alcohol. 
The peroxide (C 2 H 4 ) 2 S 2 0 4 , obtained by heating 
(C 2 H 4 ) 2 S 2 with fuming HN0 3 to 160° (Crafts, 
Annalen, 126, 124), crystallises from strong 
HN0 3 111 small crystals which aro insoluble in 
water. . . 

Ethylene ethylidene disulphide is obtained by 
heating ethylene sulphide almost to dull redness 
in absenco of air and in a current of hydrogen 
sulphide. After being shaken with aqueous 
alkali is obtained as an almost colourloss liquid, 
b.p. 172-173° (O. Matter, D. R. P. 313050). 

Ethylene hydroxysulphide C a H 4 (OH)SH 
(Thioethylene glycol), from HO-CH 2 CH a Cl and 
alcoholic KHS ; the KOI is filtered off and the 
filtrate acidified with dilute HC1 and evaporated 
at 30°-40° (Carius, Annalen, 124, 258). Is a 
heavy liquid, almost insolublo in water, soluble 
iu alcohol ; the salts aro fairly soluble in alcohol ; 
tho m§rcury compound Hg(C a H 5 OS) a crystallises ^ 
from alcohol in needleB. *> * 

Thiodicthykne glycol (O a H 4 OH) 2 S is formed? 
when the above compound is heated, H 8 S being 
evolved. It is a crystalline solid ; m.p. under 
00°, soluble in alcohol, insoluble in water, forms 
salts and double compounds with metallic salts. 

Ethylene mercaptan C 2 H 4 (HS) 2 ; b.p. 146° ; 
sp.gr. 1-123 at 23-5°. From CH g ClCH a Cl (or 
bromide, Werner, J. 1862, 424) and alooholic 
KHS (Lowig and Weidmann, Annalen, 30, 
322). *A colourless liquid, soluble in aloohol 
and alkalis, forms insoluble mercaptides with 
heavy metal^j Pb(C a H 4 )S 2 yellow ; Cu(C 2 H 4 )S 4 
chrome* green. Ethylene dim&yl sulphide 
C.H.fSCH,),, kp. 183°, from P,H t Br, aad 
tk,SNa* (Ewerlof,* Ber. ^4, 716). Ethylene 


with water, alcohol, and ether obtained by the 
aetion of silver nitrite on ethylene iodohydrin 
(Wieland and Sakellarios, Ber. 1920, [BJ 201. 

ch 2X 

Ethylene oxide | >0 ; b.p. 12-5° ; sp.gr. 

.• CH/ 

0-8909 at 4°/4° ; . 0-8824 at 10°/10° (Perkin, 
Chem. Soo. Trans. 1893, 488). From C 2 H 4 (0H)C1 
and KOH (Wurtz, Annalen, 110, 125; Ann. 
Chim. Phys. [3] 69, 317) ; also from C 2 H 4 (0H)C1 
and C a H 4 (OH)ONa (Scheitz, Zeitsch. Chem. 
1868, 379) ; also from C 2 H 4 I 2 and Ag 2 0 at 150° ; 
from C 2 H 4 Br 2 and Ag 2 U at 250° ; or from 
C 2 H 4 Br 2 and Na 2 0 at 180° (Creeno, J. 1877, 
522); also by treatment of C 2 H 4 C1(0C 2 H 3 0) 
with KOH (Demole, Annalen, 173, 125); by 
dropping chlorethylacetate on to a cooled 
mixture of powdered KOH and sand (Roithner, 
Monatsh.,15, 666). i 

A pleasant-smelling liquid miscible with 
water ; when heated with water in a closed 
tube, yields glycol, and polyethylene glycol. 
Has strong basre properties, although not an 
alkaline reaction. It combines with acids, and 
precipitates metallic hydroxides from solu- 
tions of Mg, Al, Fe, and Cq salts. With Na 
amalgam forms C*H g O. Pt black oxidises it 
to glyoollic acid ; PCI 5 produces CH 2 C1CH 2 C1 
(Wurtz, Ann. Chiuj. Phys. [31 69, 317, and 355). 

Equal molecules of C 2 JI 4 () and Jlr at 0° form 
C f H 4 (OH)Br, C 2 H 4 Br a and other bodies (Dcmole, 
Ber. 9, 47), ‘but 2 molecules C 2 H 4 0 and 1 
mo/eeulo Br, on standing, yield large red or 
sim.ll yellow prisms of (C 2 H 4 0) 2 Br 2 ; m.p. 
85° ; b.p. with decomposition at 95° ; thoy aro 
insoluble in water, but solublo in alcohol. H a S 
or contact with Hg separates the Br and leaves 
dioxyethylene (Wurtz, Ann. Chim. Phys. [3] 69, 
321). By long contact with ZnCl 2 or KHO, a 
polymerido which melts at 56° and is in- 
soluble in ether, is produced (Wurtz, Bull. 
Soc. chim. [ii.] 29, 530). 

ch 2 -o-ch 2 

Dioxyethylene, Diethylene dioxide, | ; 

CH jO-CHj 

m.p. 9° ; b.p. 162° ; sp.gr. 1-0482 at 0°. From 
(C 2 H 4 ) 2 0 2 -Br a , and Hg by contact at ordinary 
tomperature. The mixture is then distilled, 
and distillate rectified over KOH (Wurtz, 
Ann. Chim. Phys. [31 69, 323) ; has no marked 
basic properties, but combines slightly with 
acetic acid on heating to 120°. Louren§o 
(ibid. [31 67, 288) obtained it by heating 
C a H 4 (OH) a and # C 2 H 4 Br 2 to 160°, but the 
product boiled at 95°. Forms an iodide with 
2 atoms of I, m.p. 84°, which is decomposed 
by water and air, but soluble in benzene ; also a 
sulphate and a picrate melting respectively at 
100° and 66°. It also forms a compound with 
HgCl a , soluble in, but slowly decomposed by, 
water (Faworsky, J. Russ. Phys. Chem. Soc. 
38, 741 ; Patemb and Spallino, Atti. R. Acad k 

^Chiorethylene oxide C 2 H 2 C10 ; b.p. 70°-80°. 
By .long contact of acetylene chlonodide 
CHC1 : CHIjvith 40-60 vole. ofTOter at 200 - 
220* (Sabanejeff, Annalen, 216, 268) ; difficultly 
soluble in water. 
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diethyl ptUphide C a H 4 (SC a H B ) a , b.p. 210°-&3° I 
(E.) glVes on oxidation first (C a H«SO) a C a H 4 , 
m.p. 170°; and next (C a H 8 S0 2 ) a C a H 4 , m.p. 
ISO’S 0 (Beckmann, J. pr. Chem. [2] 17, 469). 
Ethylene thiooarbonates. * 

1. Ethylene dithiocarbonate C a H 4 COS a , 
ethylene oxythiocarbonate ; m.p. 31° ; by action 
of HN0 3 upon C.,H 4 CS a in the cold (Husemann, 
Annalen, 126, 269) ; forms long thin tables, 
insoluble in water, soluble in alcohol, ether, and 
chloroform. 

2. Ethylene trithiocarbonale 0 2 H 4 (JM a ; m.p. 
39-5° (Husemann), 33-4° (Konowalow), 39° 
(Frasetti) ; sp.gr. 1-4768. From C 2 H 4 Br 2 and 
flfa a CS 3 in presence of absolute alcohol (Huso- 
fUfltnn, Annalen, 123, 83) ; by action of water 
upon AlBr 3 -C 2 H 4 Br 2 -CK 2 (Konowalow); by 
action of alcoholic KOH upon ethylene xanthate 
C a H 4 (S-CS-OEt),+KOH 

=KS-CO’OEt+C 2 H 4 OSj+KtOH 
a theoretical yield ; it reacts with dd. KOH thus ; 

CjHXSjj f EtOH+3KOH 

, KS-COOEt ] C 2 H 4 S 2 K a 4 2H 2 0 
(Frasetti, Bcr. 38, 488). Forms golden-yellow, 
rhombic prisms ; slowly soluble in alcohol, 
easily soluble m ether, very soluble in C>S 2 , 
0HC1 8 , and C fl H a ; 

/Jfi'-Dlchloroethyl sulphide (CH 2 C1C1I 2 ) 2 S, 
so-called ‘ mustard gas,’ was apparently obtained 
by Guthrie (Chem. Hoc. Trans. I860, 12, 116; 
1861, 13, 35) and by A. Niemann (Ann. 1860, 

1 13, 288) by passing ethylene into coolod sulphur 
diohlonde : 

2CH 2 : CH a +SCl 2 -(CH ,C1’(!1I 2 ) 2 S 
The conditions for its formation by this reaction 
have been studied by Myers and Stephen (J. 
Soe. Chem. Ind. 1920,* 39. 66, T), and by Cibson 
and Pope (Chem. Soe. Trans. 1920, 117, 272). 
May also be prepared by converting ethylene 
into ethylono chlorohydrin, thence into thiodi- 
glycol by treatment with sodium sulphide, and 
thiodiglyeol into ^/J'-dichloroethyl sulphide by 
the action of hydrogen chloride : 

(1) CH 2 : CH 2 +HC10=CH 2 C1’CH 2 ’0H 
(«) 2CH 2 Cl’CH 2 ’l)H+Na.,S 

=(HO’CH..’CH 2 ) 2 S+NaCl 
(3) (H0’CH 2 -CH.,) 2 S+2HC1 

==(CH 2 GTCH 2 ).,S+2H 2 0 
(V. Meyer, Bor. 1886, 19, 3260; Clarke, Chem. 
Hoc. Trans. 1912, 101, 1583). For the con- 
version of ethylene chlorohydrin into dichloro- 
ethyl sulphide, see Comberg, J. Amor. Chem. 
Soc. 1919, 41, 1414. . 

* jS/T-Hiohloroethyl sulphide is moie readily 
procured by the action of ethylene on sulphur 
monochloride at about 60° 

2CH a : CH t +S a Cl a =(CH a CK)H t ) 2 K+S 
The product has eithor the constitution 
(C‘H 2 C1’CH 2 ) 2 8 : H 

or is a colloidal solution of S in (C 2 H 4 C1) 2 S. 
According to Gibson and Pope, Guthrie’s com- 
pound is a disulphide of the constitution r 
CH jjCl’CHj’S ’S’CH a -CH a Cl 
(Guthrie, l.c. ; Gibson and Pope ,* l.c. ; cf. J- 
Boo. Chem. Igi. 1919, 38, 348, T, et scq.)* 

Tho conditions for itq, preparation on a 


technical scale by this reaction were worked out 
by A: G. Green. 

A continuous vaouum still for its manu- 
facture is described by Streoter (J. Ind. Eng. 
Chem. 1919, 11, 292). 

/J/?'-i)ichloroethyl sulphide, when pure, boils 
at 120 o /34 nup., 1225737 mm., and 2177760 mm. 
and readily solidifies in cold weather, forming 
long, colourless needles or prisms, which melt 
at 13 5° to a liquid of sp.gr. 1574°= 1*285. 
It is almost insoluble in water, and is readily 
hydrolysed by boiling with an alcoholic solution 
of soda. For other physical properties, see 
Gibson and Pope ; for a number of synthetic 
reactions, sec Davies (Chorn. Soc. Trans. 1920, 
117, 297). It causes intense inflammation and 
suppuration when in contact with the skin or 
when breathed. First used on account of its 
physiological and toxic action as an offensive 
agent by the Gormans during an attack on 
Ypres in June, 1917. 

For a method of quantitative estimation of 
the substance in air, see J. Amor.. Chem. Soc. 
1920, 42, 206. 

The existence of the so-called chloroethyleve 
dttluudichlonde (C 2 H 3 C1) 2 S 2 C1, (?), said to bo 
obtained by the action of C 2 H 4 upon boiling 
S 2 C1 2 , and described as a light yellow liquid 
with a pleasant smell, is doubtful. 

On treating $/J'-dichloroethyl sulphide with 
concentrated nitric acid it is converted into 
fifi'-dichloroethyl sulphoxide (CH 2 C1’CH 2 ) 2 S0, 
colourless plates, m.p. 51°, ijnd afterwards the 
sulphone (CH 2 C1CH 2 ) 2 S0 2 , m.p. 110° (Spica, 
Gazz. ehim. ital. 1919, 49, li. 299). Treated 
with bromine tho dichloroothyl sulphide yields 
(CH ,Cl - CH 2 ) 2 y,2Br„ an orange-coloured sub- 
stance which rapidly loses bromine, and is con- 
verted into a bright-yellow solid 
(CH 2 Cl*CH 2 ) 2 S,Br 2 
m.p. 43°-44° (Gibson and Pope). 

Ethylenethiocyanate C 2 H 4 (SCN) 2 ; m.p. 90°, 
From Clf 2 (TCH 2 Cl and alcoholic KCNS (Son- 
nenschein, J. 1855, 609 ; Buff, Annalen, 100, 
229) ; CD 2 Br-CH a Br may be usod with advantage 
(Glutz, ibid. 153, 313) ; forms rhombic plates 
slightly soluble in cold water, more so in hot, 
and in alcohol, decomposed by heat, volatile 
in steam ; its vapour excites tejvrs. 

Ethylidene acetamide CH 3 CH(NHC 2 H 8 0) a ; 
m.p. 169° ; formed by acting on acetamide with 
aldehyde ; forms large prisms decomposed by 
acids (Tawildarow, Ber. 5, 477). 

Ethylidene acetafe CH a -CH(C a H 3 0 2 ) 2 ; o.p. 
169°; sp.gr. 1-061 at 127 From aldehyde and 
(C 2 H 3 0) 2 0 at 180° (Geuthor, Annalen, 106, 249) ; 
from alcoholic G 2 H 3 0 2 K an<kCH^CHCl-C a H 3 O a 
(Sclnff, Bcr. 9, 304) ; by passing acetylene into 
a solution of mercuric oxide in glacial acetio 
acid to which an alkyl sulphate, particularly 
methylene sulphate, has also been added (Eng. 
PM- 112766, 1918); or 0-naphthalene sulphonic 
acid dissolved in glacial acetic acid may be 
used instead (Eng. Pat. 112765); has a smell 
like that of onions, and is decomposed by water 
into aldehyde and acetic acid. 

Ethylidene azlne CH a CH ;N-N; CHCH S ; b.p. 
96°-96° at 760 mm. ; sp.gr. 0-832 at 17°. Pre- 
pared by shalf h|g an ethereal solution of aldehyde 
with an aqueous solution of hyflrailne hydrate. 
At 180° it is uftchanged, but at a higher tempera- 
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fcure gives off nearly all its N as gas. It is fairly 
stable to alkalis, but is hydrolysed by acicft into 
aldehyde and hydrazine (Curtins and Linkeisen, 
J. pr. Chem. 1898, [ii.] 58, 310). 

Ethylidene biuret NH<^™>CH-CH a , 

Trigenic acid , by leading HCNO into well-cooled 
aldehyde (Liebig and Wohler, Annalen, 59, 296), 
crystallises in small prisms, slightly soluble in 
water, nearly insoluble in alcohol, has a slightly 
acid taste. When heated, liberates C0 2 , NH S , 
and traces of collidine C„H n N (Herzig, Monatsh. 
2, 398). Is hardly decomposed by NaBrO. 
HN0 8 decomposes it and liberates cyanurie acid. 
The silver compound Ag0 4 H 8 N 3 0 2 forms 
amorphous precipitate, soluble in boilmg water. 

Ethylidene brbmide CH 3 -CHBr 2 , b.p. 114°- 
115° (Tawildarow, ibid. 176, 12), 109°-1I0° at 
751 mm. (Denzel, ibid. 195, 202), 110-5° at 
700 mm. (Anschutz, ibid. 221, 137), 108°- 110° 
(corr.) (Perkin, Chem. Sue Trans. 45, 523); 
b.p. 107°-108° (V. Moyer and Muller, J. pr. 
Chem. [2j $6, 168); sp.gr. 2-J29 at 10° (T.), 
2-1001 at 17-5°/4° 2-0891 at 20-574° (Anschutz) 
2 0822 at 21 -574°, 2-1029 at 15°, 2-0854 at 
25° (?.). From C a H r> Br and Ur at 170° (llof- 
mann, l’roc. Rfcy. Sue. 10, 619 ; Caveutou, 
Compt. rend. 52, 1330). Is produced by action 
of PCl a Br a but not of Pllr ri upon aldehyde 
(Paterni) and, Pisati, Ber. 5, 289) ; also by 
heating CH 2 : CHBj- with 111?)- to 100° (lieboui, 
Compt. rend. 70, 398). A heavy liquid ; alcoholic 
K11S has no action upon it. On heating with 
water and PbO td 130 u , aldehyde and llBr are 
produced (T.). With SbCl c gives CM/dlCl., 
(Henry, Bull. *Soe. (him. [ii.J 42, 262). 

Ethylidene bromiodide ClljCHBrl ; m.p. 
be’ iw -20° ; b.p. 142° 143° ; sp.gr. 2 50 at 1°, 
2-462 at 16°. From C 2 H 3 Br and H 1 in the cold 
(Pfaundlor, J. 1865, 483 ; lieboul, Annalen, 
155, 212); by shaking CH/JHIg with IBr 
solution (Simpson, Bull. Sue. chim. Jn ] 31, 412) ; 
decomposed by alcoholic K()H or Ag 2 0 into H 1 
and C a H 3 Br ; ‘Br yields CII a CHBr 2 . 

Ethylidene chlorobromide CH 3 CliClBr ; m.p. 
16-6° (eorr.) (Schneider, Zeitsch. physikal. Chem. 
19, 157) ; b.p. 84°-84-5° at 750 mm., 82-7° at 
760 mm. (Stadel, Ber. 15, 2563); sp.gr. 1-1567 
at 16°. From C 2 H^r and concentrated HC1 
at 100° (Reborn!, Annalen, 155, 215) ; from 
CjlIfiCl and Br in sunlight (Denzel, ibid. 195, 
193). By action of Cl upon C a H 5 Br (Lcsca-ur, 
Bull. Soc. chim. [ii.] 29, 483). Is decomposed at 
ordinary temperature by alcoholic KOH on long 
standing ; with Ag a O gives aldehyde ; and with 
AgO a H 3 O a forms CH*CH(C 2 H 3 0 2 ) a (L.). 

Ethylidene chloriodide CH 3 CHC11 ; b.p. 
117°-119° ; sp.gr? 2-054 at 19°. By agitating a 
mixture of CH 3 CHT 2 and 101 ; formed also from 
CH 8 CH01 2 and Al a l 6 (Simpson, Bull. See. chim. 
[ii.] 31, 411). *. 

Ethylidene or Ethidene chloride CH 3 CHC1 8 ; 
m.p. —101-5° (Schneider, Zoitsch. physilAil. 
Chem. 22, 233), b.p. 57-4°-57-6° at 750-9 
mm., sp.gr. 1-1743 at 20°/4° (Briihl, Annalen, 
203, 11), 1*2124 at 0°, M805 at 22°/0° ; re- 
fractive index ju A (at 24-7°) — 1-405724. B? a 

34-1 (Kanonnikow) ; b.p. 57°-57-7° at 738-7 
mm., sp.gr. 1-2013 at 0° (Pribram and Handl, 
Monatsh. 2^650) ; b.p. 56-7°-5Wat 749-1 mm., 
sp.gr. l-189o at 9-8°/4°, l-11425,at 56-7°/4° (R. 
SchifE, Annalen, 220, 96), 67-32° (corr.) (Thorpe 


m 

ant Rodger) ; orit. temp. 254-5° (Pawleweky, 
Ber. 16, 2633) ; H.C.p. * 267-1 cals. (Btethelot 
and Ogier, Bull. Soc. ohim. [ii.] 36, 68). From 
C s H 5 C1 and Cl (Regnault, Annalen, 33, 312); 
from C 2 H 4 0 arfB PC1 5 (Beilstein). By action 
of HC1 upon copper acetylene (Sabanejeff, 
ibid. 178, 111). Is prepared by passing a 
mixture of chlorine and C 2 H 6 C1 over animal char- 
coal heated to 250°-400° (Damoiseau, Bull Soc. 
chim. [ii.] 27, 113). Is obtained as a by-product 
in the manufacture of chloral. Is decomposed 
by alcoholic KOH into 11 Cl and C 2 H 3 C1. Sodium 
produces • at 180°-200° hydrogen, acetylene, 
ethylene, ethane, and C a U 3 Cl (Tollens, 
Annalen, 137, 311). By action of Cl, CH 3 CC'l 3 
and CHjCl-CHCl 2 arc produced. jfT 

Ethylidene di-uo-nitramine is formed by tne 
m ti-i-ac- lion of CO(Et) a , or COEiMo, and NO, in 
C 2 H G ONa. T’lio lead salt is anhydrous and 
crystallises in cubes. The dimethyl ether 
forms rhombic crystals, and melts at 75°. 
Tho iw-nitrammo itself is hydrolysed by 
mineral acids mto acetaldehyde NH a OH and 
oxides of N. With Na amalgam, is reddfced to 
hydrazine (Traube, Annalen, 300, 120). 

Ethylidene diethyl ether 

CH 3 -CH(OC a lI 3 ) a ( v . Acktal). 

Ethylidene dimethyl ether CH 3 CH(OCH 3 ) 2 , 
Dimethyl acetal ; b.p. 64-4° (Dancer, Annalen, 
132, 240), 02-7°-03-3 u at 757-6 mm. (R. Seliiff, 
ibid. 220, 104) ; sp.gr. 0-8787 at 0°, 0-8590 at 
CD, 0-8476 at 25° (D.), 0-8013 at 02-774° (S.) ; 
capillanty constant at b.p. a 2 — 4-092 (Schiff, 
Annalen, 223, 71) ; occurs in crude wood spirit 
(D.) : 2 volumes of wood spirit, 1 volume alde- 
hyde, and ;] volume of glacial acetic acid are 
heated to 100° (Alsberg, J. 1864, 485) ; also by 
oxidation of CH 3 ()M and C 2 H 5 OH by Jln0 3 and 
lI a S<> 4 (Wurtz). 

Ethylidene methyl propyl ether 
CH 3 -C11(0C11 3 )(0C 3 H 7 ) 
b.p. 103 *— 105° (Bachmann, Annalen, 218, 46). 

Ethylidene ethyl propyl ether 

CH 3 -CH(OC 2 H 5 )(OC 3 H 7 ) 
b.p. 124°-126° (Bachmann, lx.). 

Ethylidene dipropyl ether Cll 3 -CH(()C a H 7 ) % ; 
b.p. 146‘’~1487 sp.gr. 0*825 at 22° (Cirard, J. 
1880, 695). 

Ethylidene methyl hwbutyl ether 

(H 3 -CH(0CH 3 )(0t' 4 H 2 ) 

b.p. 125°-127° (Claus and Trainer, Ber. 19, 
3005 ; Bachmann, lx.). 

Ethylidene ethyl wobutyl ether 

• ' CH 3 -C1I(0C 2 H 6 )(UC 4 H„) 

b.p. 155° (Claus and Trainer, lx.). * 

Ethylidene di twbutyl ether CH 3 -CH(0C 4 H 9 ) 3 ; 
b.p. 168°-170°, sp.gr. 0-816 at 22° (Claus and 
Trainer, lx. ; Cirard, he.). 

Ethylidene methyl iwamyl ether 
CH 3 -CH(OCH 3 )(OC 5 H 11 ) 
b.p. 141°-144° (Bachmann, l.c.). 

Ethylidene ethyl isoamyl ether 

CH 3 -CH(OC 2 H 6 )(OC 0 H U ) 

Up. 165°-167° (Claus and Trainer, l.c.). 

Ethylidene di isoamyl ether 
CH 3 CH(OC 6 H u ) 8 

b.p. 2 # 10-8° (e^rr.), sp.gr. 0*834?W 16° (Claus 
* and Traenor, he.). • 
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4 EttylifoM hydramine CH,-CH(OH)NH ll l t>. 
Aldehyde -ammonia, art. Aldehyde. 

Etbylidene Imine CH 3 CH NH ; m.p. about 
85° ; b.p. 123°-124°. If aldohyde ammonia be 
kept in vacuo over H,80 4 for several days, the 
imine is formed. It crystallises in brilliant 
colourless crystals, which have an odour like 
acetamide. Jt is soluble in water, EtOH, 
CH3COOH, CHCI3, C.H e , and toluene. The 
vapour density at 260° agrees with the simple 
formula, but at lower terni>eratures the V.l). is 
higher. It forms a picrate, and combines with 
HUN to form CH 3 *CH(NH 2 )CN. It polymerises 
jto form tnmcric cthyhdine imine 

chmC^nh 

which forms a trinitroso- derivative, with 
N 2 0 3 in CHC1 3 ; opaque yellow-white needles, 
melting at 161° (Del6pino, Co nipt. rend. 1897, 
126, 961 ; and 1907, 144, 853). 

Etbylidene iodide CH a CIll 2 ; b.p. 177°-179° ; 
Bp.gr. 2*84 at 0°. By combination of (' 2 fl 2 and 
HI (Bcrthelot, Annalcn, 132, 122 ; Semcnow, 
Zeitsch. C'hem. 1805, 725) ; from 0H 3 CHC1 2 and 
Al a I e (Clustavson, J. Russ. Rhys. Chem. Hoc. 6, 
164) ; from C 2 H 3 Br and HI (Friedol, Her. 7, 
823). Decomposed by alcoholic JKOH into HI 
and C a H a T. 

Etbylidene malonic acid CH 3 *CH:C(COOH) 2 ; 
only known in combination, the ethyl ester 
CH a CH : C(COOC 2 H 6 ) 2 , b.p. 220°, 115°-118° 
at 17 mm. ; sp.gr. 1*0435 at 15°, From 
CH 2 (00 2 Et) 2 (1 mol.) aldehyde (2 mols.), 
and (C 2 H 3 0) 2 0 (4 mols.) at 100° (Komncnos, 
Annalcn, 218, 157). An ethereal oil smelling of 
camphor ; by long contact with Ba(()H) 2 in 
the cold yieids ethoxy malonic acid C 6 H„0 6 , 
malonic acid C 3 H 4 0 4 , and aldehyde. 

Ethylidene oxide CH 3 *CHO v. Aldehyde. 

Ethylidene ethylene oxide 

ch,ch<°“; 

b.p. 82° (Verley, Bull. Soc. chim. |iii.] 21, 276), 
82*5° at 765*8 m. ; sp.gr. 1*002 at 0°. From 
aldehyde and excess of glycol at 100° (Wurtz, 
Compt. rend. 53, 378 ; Annalen, 120, 328 ) ; a 
liquid with irritating smell, soluble in 1J vols. 
water, from which CaCl 2 separates it ; with 
acetic acid gives glycol diacetate. 

Ethylidene etboxyacetate CH,CH(OEt)OAc ; 
b.p. 125°-130° ; sp.gr. 0*941. By heating to- 
gether acetal and acetio anhydride for 3 hours 
at 150°. A pleasant-smelling oil, slowly decom- 
posed by cold water into alcohol, aldehyde, and 
’acetic acid, rapidly on boiling. 

Ethylidene sulphonic acids. 

1. Ethylidene hydroxysulphonic acid 

CH a CH(OH)(HSO 0 ) 

Salts of this acid are formed by action of alde- 
hyde upon alkaline hydrogen sulphites ; they 
are crystalline bodies, soluble in water, and 
decomposed on heating into water, aldehyde, 
and sulphites. 

2. Ethylidene chlorsulphonic acid 

CH 3 *CH*C1(S0 8 H) 

obtained by action of CH 8 CHC1 2 dpon neutral 
alkaline sulphlfcs at 140° ; the salts ard crys- 
talline, and the acid is fairly«staAe. « 


$ Ethylidene disulphonic acid 
CH 3 CH<SO # H), 

By oxidation of trithioaldehyde (C 2 H 4 S«1 or 
thialdin by KMnO ( solution (Guaresohi, Gazz. 
chim. ital. 9, 75 ; Annalen, 222, 302). 10 grams 
thialdin are treated with 30-36 grams ZnMn 2 0 B 
and 300 grams water ; after filtering, BaH 2 O a 
is added and excess of Ba precipitated by C0 2 ; 
thq Ba salt is then precipitated by alcohol. It 
forms a strongly acid oily liquid, very soluble 
in water and alcohol, and is very stable ; forma 
stable salts Na 2 C 2 H 4 S 2 0 6 ,H 2 0, small silky 
crystals soluble in (5071 parts of alcohol {90 p.c.) 
at 24*5°; K 2 C 2 H 4 S 2 0 6 ,2H 2 0 forms large 

transparent crystals soluble, in 1*56 parts of 
water at 17°. 

ETHYL ACETATE v. Alkyl acetates, art. 

Acetic acid. 

ETHYL-w AMINOPHENOL 

OH 

(1) Prepared by adding monoethyl aniline 
to fuming sulphuric acid, converting the ethyl 
aniline-m-Hulphonic acid into 4 the sodium salt, 
melting this with potassium hydroxide at 220°, 
dissolving tho product in water, and acidifying 
with hydrochloric acid. The filtered solution is 
neutralised with sodium carbonate, and the 
mono ethyl-w-amino phenol extracted with 
benzene (Bad. Anil, und Soc}a Fabrik. D. R. P. 
48151). 

(2) Sodium -iw-phenylene oxamate 

C 6 H 4 (NH*C0*C0 2 Na) t 

is mixed with sodium ethyl sulphate, alcohol, 
and sodium carbonate, and heated in an auto- 
clave fitted with a stirrer to 180°. After dis- 
tilling off the alcohol, and extracting the mass 
with water, the residue is boiled with dilute 
sulphuric acid, and tho cooled solution of 
ethyl-m-phenylenediamine sulphate is mixed 
with sodium nitrite, warmed, and neutralised 
with sodium carbonate {idem. D. R. P. 76419). 

(3) Aniline-2 : 5-disulphonic acid is neutra- 
lised with alkali, and tho solution diluted, 
mixed with sodium ethyl sulphate, and heated 
in an autoclave to 170°-18U°. (Sodium carbonate 
is addod to the cooled solution which precipitates 
ethyl-w-aminophenol (Farbcrfabrik. vorm. F. 
Bayer & Co., D R. P. 82765) ; imp. 62° ; 
b.p. 176°/12 mm. . 

ETHYLANILINE 


o 


nh*c 2 h 6 


Is manufactured by heating aniline hydro- 
chloride with alcohol in an autoclave at 180°. 
The hydrochloride separates’ out on cooling. 
Or aniline hydrochloride may be boiled with 
dicthylaniline under a reflux condenser, hydro- 
chloric acid added, and the hydrpchloride 
separated by crystallisation. The base boils (it 
2067760 mm.; sp.gr. 0*954 at# 18°. Yields 
methyl ethyl aniline on methylation, and 
benzyl ethyl aniline on benzylation. 

ETHYLBUTYLACETIC ACID v. Oeroic acids, 
ETHYL -wt-IUTYLACETIC $CID v. Octoic 

ACIDS. • 

ETHYL BlffYRATE v. Butyric acid. 
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ETHYL D IP HEM Y LA MINE v, DifhmiU' 

iro ns. 

ETHYLKETENE v . Ketenes. 
ETHYLKETEMECARBOXYLATEtKETENEs, 
ETHYLMALONIO ACID t>. Glutaric acid 
and Malokic acid. 

ETHYLMORPHIHE v. Opium. 
ETHYLPROPYLACETIC ACID v . Heptoic 

ACIDS. 

ETHYL-o-TOLyiDINE 

- ‘CH a 

< O nh ' c,h ‘ 

May be prepared by heating a mixture of o- 
toluidine, ethyl alcohol, and hydrochloric acid, 
or a mixture of o-toluidmo, ethyl alcohol, and 
a small quantity of iodine. Boils at 213°-214° ; 
sp.gr. 0-9534. 

EUBORNYL. Trade namo for homy 1 -a* 
bromo’-tsovaleratc, obtained by brominating 
chloro-iaovaleric acid and csterifying homed 
with the product.* A syrupy aromatic liquid ; 
b.p. 175°-178°. Used as a sedative (v. Syn- 
thetic drugs). 

a-EUCAINE. Methyl ester of N-methyl- 
benzoyl-triacetonAalkamine carboxylic acid. 
First obtained by Merling (Ber. Dent, pharm. 
Ges. 1897, 173) by acting on acetone with 
ammonia to fojm triacetonoamine, treating this 
with hydrocyaitie acyd to form* the cyanhydrin, 


| whith by hydrolysis yields triaoetone^dk&mino- 
' carboxylio acid. On benzoylatdon and methyl*- 
tion it forms a-eucaine. Formerly employed ob 
a substitute for cocaine. Its use is now super- 
seded by /J-eucaine, which is less painful and not 
so toxic. 

/9-EUCAINE ( benzoyl- vinyl - diace tone -alka- 
mine) 

( ^0-CO-C < H 5 

h 2 cAch 2 

(CH 3 ) 4 C\ yCK -CH 2 
NH 

A local anesthetic, used chiefly as the lactajp* 
or hydrochloride, in 2-3 p.e. solution. Is pre- 
pared by condensing acetone with oxalic acid 
and ammonia to form the hydrogen oxalate of 
diacetoneamino, condensing this with paralde- 
hyde to produce the cyclic vinyl-diacotoneamine 
(Harries, Annalen, 1897, 328; 1898, 346), 

reducing by means of sodium amalgam to a 
mixture of the cis and trnns forms of thS tri- 
mothyl hydroxy piperidine (D. R. P. 95622), 
treating with sodium amylate to produce the 
cis form only of tins compound (D. R. P. , 
96621), and treating with benzoyl chloride 
(D. R. P. 97672), and finally with hydroehlorio 
or lactic acid to obtain the corresponding Balt 
of /3-eucaine. 
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Vinyl-diacctone-alkamlne 


EUCAINE, EUCHININ, EUCODIN, EUCOL, 

EUDOXIN v. Synthetic drugs. 

EUCAIRITE. Selenide of silver and copper 
(Ag,Ou) a Se, crystallising in the cubic system. 
It is lead-grey, hut usually tarnished and dull ; 
sp.gr. 7*6. ft, is 4ound massive and granular 
embedded in calcite in the Skrikerum copper 
mine in Sm&land, Sweden, and in the Cacheuta 
mine in the province of Mendoza, Argentina. 

L. J. S. 

EUCALYPTOL. The volatile oil of the 
leaves of Eucalyptus globulus, consists mainly 
ofabody*C 10 H 1# O; b.p. 176°-177° ; sp.gr. 0-923 
at 16°. It is«optically inactive, has a camphor- 
like smell, and is probably identical with cineol 
and caieputol (v. Oils, Essential). 

EUCALYPTUS GUM v. Kino. 

EUCALYPTUS MACRORHIStGjHA. Euca- 
lyptus macr&hyncha (F. v. M.), a fair-sized tree, 
1* the ‘ red stringy bark ’ of Ne^ South WaleB, 


and the ordinary stringy bark tree of Victoria 
(Smith, Chem. Soc. Trans. 1898, 73, 697). 

The leaves yield under favourable conditions 
a very large amount (10 p.c.) of a crystalline 
glucoslde termed by Smith myrlicolorin , which • 
can be isolated in the crude condition by mere 
extraction with boiling water. The solution on 
cooling became semi-solid owing to the separa- 
tion of crystals, and these can be purified by 
extraction with ether to remove chlorophyll 
and crystallisation first from alcohol and subse- 
quently from water. It formed pale-yellow 
needles, gave on hydrolysis quercetin and 
glucose, and at first appeared to be a new 
glucoside of quercetin. Though very similar to 
rutin its identity with this glucoside was unsus- 
peoted in that rutin by hydrolysis was pre- 
sumed at tlflat time to give quercetin and 2 
molecules of rhamnose (Schund& ibid. 1888 , 
63, 264)* SohrfKdtdn 1908 (Arch. Pharm, 246 * 
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2li), hpwever, pointed out that rutin in this 
manner yields not only rhamnose but gluoose, 
and the probability that myrticolorin — as also 
viola quercitrin and osyritrin — were identical 
with rutin was subsoquontly confirmed by Perkin 
{ibid. 1910, 97, 1770). A. G. P. 

EUCALYPTUS OIL v. Oils, Essential. 
EUCALPYTUS RESIN v. Resins. 

EUCLASE. Basic silicate of aluminium and 
glucinum (GIO, 1 7*3 p.c.) HGlAlSiOg, crystal- 
lising in the monoclmie system. Tho well- 
developed crystals have a very period cleavage 
parallel to the. plane of symmetry, hence tho 
ryvme, from fv, well, and K\dats, fracture 1 . 
^They are colourless, yellow, green, or blue ; 
sjHgr. 3d (higher than that of beryl) ; H. 7.J. 
Tho mineral is not attacked by acids, and the 
water is expelled only at a high temperature. 
It is found as single isolated crystals m gold 
washings at Ouro Proto in Brazil, and on tho 
River Sanarka m tho southern Urals. Minute 
crystals have also been found m mica-schist in 
the Gfossglockner district of tho Austrian Alps, 
and in granite in the Fiohtolgebirgc, Bavaria. 
The mineral is occasionally out as a gem-stone, 
but it has the drawback that it readily splits 
along tho perfect cleavage. L J. S. 

EUCODAL. Trade name for the hydro- 
chloride of dihydrohydroxyeodemono. Used as 
a narcotic. 

EUCODEINE. Syn. for codeine methyl 
bromide. 

EUCOL. Trade name for guaicol acetate. 

EUCOLITE v . Eudtalyte 

EUCRYPTITE. Orthosilieate of aluminium 
and lithium (Li a O, 11*9 p.e.) LiA1Si 0 4 , crystal- 
lising in the hexagonal system and belonging 
to the nepholite group of minerals. It occurs 
intimately intergrown with albito as an altera- 
tion product of spodumene at Brancliville, 
Connecticut. An artificial orthorhombic form 
of LiAlSi0 4 , dimorphous with eucrvptite, has 
been called pseudo- or fi-eucryphtc. (F. M. Jager 
and A. Bimek, 191 1). L. J. S. 

EUCUPIN. Trade name for iso-amylhydro- 
cuprein. 

EUBESMIN C 2a H 26 O a occurs in the kinos 
of eucalyptus species, tho oils of which contain 
cineole and pinonc, but not jiliellandrenc. It 
may be obtained by extracting a concentrated 
aqueous solution of the kino with ether, purifying 
by treatment with chloroform, and crystallising 
from methyl alcohol. Colourless prismatic 
needles, m.p. 107°, [a]^ 1 — 644° (in chloroform). 
, Contains 4 mothoxy- groups, and is ufiacted 
upon by hydroxyl or ketone reagents. Rod 
solution with sulphuric acid. Nitric acid con- 
verts it into dinitroeudesmin, colourless needles, 
m.p. 214°. Boiling cone, nitric acid forms 
4 : 5-dinitroveratrole (2 mols). Chlorine in 
acetic aoid solution gives dichloromdmnin ; 
colourless rectangular plates, m.p. 1(>3°. 7)i- 

hromoeudesmin, prepared in like manner, colour- 
less needles, m.p. 172°, [a] 22 +694° (in chloro 
form) ; this, on oxidation with permanganate, 
gives 6-bromovoratric acid, m.p. 184°. l)i- 
wdoeudesmin, needles, m.p. 175° (Bobinson and 
Smith, J. Rapt Soc. Now South Wales* 1914, 
48, 449). r $ 

EUDIALYTE. Sjjicate and zirconate (Z r 0 2 , 


14-1 (i p.c.) of sodium, calcium, and ferrous iron, 
occurring as large well-developed rhomfrohedral 
crystals. These are brownish-red or rose-red in 
colour ; sp.gr. 2*9-34. The mineral occurs in 
nepheline- and sodalite syenites in the Juliane- 
haab district in south Greenland, at Magnet 
Cove in Arkansas, on Sodlovatoi Island in the 
White Sea, and on the Kola peninsula in Russian 
Lapland. The name eudialyte, from «3, well, 
and*5ia\weu', to dissolve, refer* to the fact that 
the mineral is readily decomposed by acids. 

Kueolde, a closely related variety, differs in 
being optically negative, instead of positive. 
This is from the nopheline-syenites of the 
Langesundsfjord in Norway. L. J. S. 

EUDRENINE. A solution containing oucaine 
and adrenaline. 

EUFORMOL. Dextrin formaldehyde. 

EUGENOL (110)(CH 3 0)C,H S *CH 2 *CH : CII 2 
(C 3 H b : CH 3 0 : 110=1 : 3 : 4) occurs in gil of 
cloves from the leaves of Eugenia caryophyllala 
(Thunb.) (Bonaslre and Et.tling, Annalen, 9, 08) ; 
in the oil from the leaves of the Ceylon cinnamon 
tree (Stcnhousc, Annalen, 95, 103 ; Schimmel 
A Co., Chcm. Zentr. 1902, ii. 1480); from 
(hnmmomnm pedaimrrvium (JV^issn.) (Goulding, 
Chem. Soc. Trans 1903, 1101), (>. Tatnala (Nees 
et Eborm. ) (Schimmel & Co., Chcm. Zentr. 1910, 
i, 1720), V. tassm (1’lumo), and V. zeylamcum 
(Noes) (Duyk, Chorn. Zentr. 1890, jw. 368 ; Weber, 
Arch. Pharrn. 230. 232); ‘from the fruit of 
Pimento ajfmmdvt (Lindl.) (Bonastre, lx. ; Oeser, 
Annalen, 131, 277); from f.ho sap of Acacia 
Fames i aim (Willd ) (Walbauin, J. pr. Chem. 08, 

1 2] 235) ; in tho oil komOrimiim Bemlicum (Linn. ) 
(Schunmel & Co., Chem. Zentr. 1900, i. 900) ; in 
calamus oil (Thoms and Beckstroem, Ber. 1902, 
3187); m Ylang Ylang oil (Schimmel & Co., 
Chem. Zentr. 1903, i. 1087 ; ii. 272) ; in olive 
oil from Pugh (Canzoneri, Gazz. ehim. it-al. 1897, 
27, ii. 1) ; m ml of nutmeg (Power and Salway, 
Chem. Soc. Trans. 1907, 2041); in sassafras 
leaves and hark (Pomoranz, Monatsh. 11, 101 ; 

1 Power and Kleber, Chem. Zentr. 1897, ii. 42) ; 
in the oil from the leaves of tho hay tree (Mitt- 
mann, Arch. Pharrn. 27, [3] 639) ; in oil from 
Maltese oranges (Gildemoister and Stephan, 
Arch. Pharrn. 235, 583), and in other ethereal 
oils Tho methyl ether of ougenol 

(CH 3 0) 2 C„H 3 *CH 1 *CH : CH a 

occurs in tho oil of Amrum canadensc (Linn.) 
(Power and Lees, Chcm. Soc. Trans. 19(12, 07), of 
A. anfolium (Michx.) (Miller, Arch. Pharrn. 240, 
371) ; in oil from Paracot® bark (Jobst and 
Hesse, Annalen, 199, 75 Wallach and Rhein- 
dorff, ibid. 271, 300); in Ytyng Ylang oil ; in 
oil from tho bark of Ctnnamomum pedatinervium ; 
in oil from Maltese oranges ( v . supra ) ; and in 
oil of citron (Schimmel & Co., Chem. Zentr. 
1899, ii. 879). 

t Oil of cloves, which contains ougenol and 
a*terpene as the chief constituents, is treated 
with potash ; the potassium salt of* ougenol 
separates, is pressed out, washed % with alcohol, 
*nd the eugenol set free by the addition of a 
mineral acid (Wasserman, Annalen, 179, 369). 
It is obtained by a similar process from oil of 
cinnamon leave a or from that oiPimenia officinalis 
(LindL). Anowor method consists j§ separating 
, ougenol from oil of oloves by means of the com* 
pound it. forms with* sodium acetate (Chem, 
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Werke Byk D. R. P. 100418 ; Chem. Jentr. 

1899, i, 704). In the former process, a residue 
is left after treating the oil of cloves with 
potash, and by distilling this under reduced 
pressure, acetyl eugenol, ra.p. 29°, is obtained 
(Erdmann, J. pr. Chom. 1897, |2] 50, 146). By 
reducing coniferin in alkaline solution with 
sodium amalgam, eugenol is formed (Chiozza, 
Chem. Zentr. 1888, 443). Methyl eugenol (allyl 
guaiacol) has bean prepared synthetically by 
treating veratrol (dimothyleatoehol) with allyl 
iodide and zino-dust“ (Moureau, Compt. rend. 
121, 721). 

Pure eugenol is a colourless oil ; b.p. 244-5° 
(Frankforter and Lando, J. Amor. Chem. Soe. 27, 
641), 247-5° (Wttsformann, Annalen, 179. 306), 
253-5° (corr.) (Perkin, Chem. Koc. Trans. 1890, 
1247) ; sp.gr. 1-0785 at 4°/4°, 1-0734 at 10°/10°, 

1 -0663 at 20°/20° ; specific magnetic rotation, 
2-1974; molecular magnetic rotation at 15°, 
18-727 (Perkin, l.c.) ; dielectric constant, 6-0 
(Mathews, J. Phy^, Chem. 9, 041) ,- /*„ 1-54437 ; 
sp. heat, *0-5024 ; mol. heat, of combustion, 
1304 cals. (F. & L. l.c.). Eugenol reddens 
litmus, smells strongly of cloves, and has a 
burniqg taste. ^ does not reduce Barreswd’s 
solution, but reduces ammoniacal silver solu- 
tions on long standing. Eugenol may be 
detected by the following reactions : (i ) ferric 
chloride imparts a blue colour to its alcoholic 
solution; (ii.) zinc chloride yields a transitory 
palo-yollow colour ; (iii.) sulphuric acid gives 
first a brown colou% changing quickly to purple 
and finally to wino-rcd ; (iv.) Burgess (Analyst, 

1900, 25, 265) makes use of a reagent prepared 
by dissolving lO grams of mercuric salt m 25 p.c. 

.sulphuric acid, and making the solution up to 
100 o.c. with the latter. By shaking 2 e.c. of 
eugenol with 5 c.c. of the reagent, and allowing 
the solution to stand, a pah* violet colour is 
developed. (For estimation of eugenol in oil 
of cloves, v. Vcrley and Bosling, Ber. 1901, 
3359; Thoms, Chem. Zeit. 1903, 27. 964; 
Arch. Pharm. 241, 592; Spurge, Pharm. 
J. 1903, [4J 16, 701, 757; Sehimmel & Co., 
Chem. Zentr. 1903, ii. 1124; Reich, Zeitseh. 
Nahr. Gcnussm. 1909, 18, 401.) 

Eugenol and its derivatives are readily con- 
verted into the # corresponding derivatives of 
the isomerio woeugenol (v. infra), which on 
oxidation yields vanillin and its derivatives. 
Chromic Acid oxidises eugenol to acetic acid, 
carbon dioxide, and water (Wpssermann, l.c .) ; 
chromyl chloride, however, * combines with 
eugenol, and on decomposing the product with 
water, vanillin can lie extracted (Novarine, 
U.S. Pats. 365918* 305919 ; Ber. Ref. 1890, 
812). Nitric &c.id oxidises eugenol to oxalic 
acid and a resin, hut in ethereal solution, 5- 
nitro-eugenol is *formed (v. infra). Ferric 
ohloride oxidises if to dehydrocugenol, m.p. 
105°-106° (Cousin and H&rissey, Compt. ren<i 
1908, 146, 1413). Oxidised with potassium 
permanganate, eugenol yields homovanillin, 
vanillin, and .vanillic acid (Erlonmcyor, Ber. 
1876, 273). Hydrogenisation of either eugenol 
or woeugenol in the presence of platinum black, 
yields dihydroeugenol (propylguaiacol), b.p. 
246°-248° (Fournier, Bull. Soo. chiy. [4] 7, 23). 

5-NltroeU§en91 is prepared by acting on 
eugenol in ethereal solution witH nitric acid. 
It forms large triolinio oiystals, m.p.. 43°-44° 


,.08t 

(Weselsky and Benedikt, Monateh. *3, 388). 
With tin and hydroehlorio acid, it produoea 
aminochlorhydroeugenol hydrochloride ; amino- 
chlorhydroeugenol melts at 97°. Nitroeugenol, 
heated with acetic anhydride and sodium acetate, 
forms nitro-aceto -eugenol, m.p. 61°, which, 
oxidised by potassium permanganate at 70° 
(Tiemann, Ber. 1876, 418), yields nitrovanillic 
acid C e H 2 (COOH)(OCH 3 )(OH)NO s , decom- 
posing at 210° without melting. 

Acyl and aryl derivatives of eugenol are 
obtained by treating eugenol witli acyl or aryl 
anhydrides in the cold, in presence of some con- 
densing agent such as sulphuric acid, zinc 
chloride, pyridine, &c. The chlorides may ha* 
substituted for the anhydrides (Merck, D. R. S W. 
103581, 109445 ; Chom. Zentr. 1899, ii. 927 ; 
1900, ii. 407 ; Riedel, 1). R. P. 189333 ; Chem. 
Zentr. 1908, i. 185 ; Pond & Beers, J. Amer. 
Chom. Soe. 19, 825). Acetyl evgenol, which 
occurs in oil of cloves (Erdmann, J. pr. Chem. 
1897, 1 2J 56, 146), melts at 29°, and boils at 
28l°-282° (752 mm.) (Freyss, Chem. Zentr. 
1899, i. 835); benzyl eugenol has b.p. 235°, 
and on heating with potash and subsequently 
with potassium dichromate and sulphuric acid, 
the benzyl ether of vanillin is obtained (Boeh- 
ringer and Sons, 1). R. P. 05937 ; Ber. Ref. 
1893, 211). Eugenol carbonate, m.p. 93°-94°, is 
obtained by passing phosgene gas into an alkaline 
solution of eugenol ; on treatment with ammonia, 
the carbamate is formed (F. von Heyden Nachf. 
1). R. P. 58129 ; Ber. Ref. 1892, 180) ; the car- 
bonate can also bo obtained from eugenol and 
the diphenyl ester of carbonic acid (D. It. P. 
99057 ; Chem. Zentr. 1898, ii. 1190). On 
adding eugenol to a cooled mixture of pyridine 
and ehlorsulphonic acid in carbon disulphide, 
potassium eugenyl sulphate, m.p. 203°, is ob- 
tained ; the latter is transformed by heating 
with excess of potash into potassium woeugonyl- 
sulphate, m.p. 223°, which, on oxidation with 
ozone, yields potassium vanillin Bulphate 
(Verloy, Bull. Soe. chim. 1901, [3] 25, 40). 

Eugenyl acetic acid 

C # H 3 (OH 2 -CH : CH 2 )(0CH 3 )(0CH 2 -C0 2 H) 

is obtained by heating eugenol with chloracetic 
acid in the presence of sodium hydroxide for 
20 hours, and decomposing the sodium salt thus 
formed with hydrochloric acid ; m.p. 75°. By 
heating the acid with potash and amyl alcohol 
at 150°, woeugenyl acetic acid, m.p. 92°-94°, is 
produced ; and oxidation of the latter with 
potassium permanganate yields vanillin aoetic 
acid ((Jassmann and Krafft, Ber. 1895, 1870). 

Eugenyl phosphoric acid is obtained by 
treating eugenol with phosphorus oxychloride 
and decomposing the resulting chloride with 
water ; m.p. of anhydrous acid, 105° (Boehringer 
& Sons, I). R. P. 98522 ; Chem. Zentr. 1898, 
ii. 950; Ooser, Annalen, 131, 277). On 
heating with alcoholic potash, woeugenyl 
phosphoric acid is obtained, and by heating tne 
acid sodium salt of the latter to 150°, woeugenol 
• is obtained quantitatively. 

Eugenyl alcohol is prepared by heating 
eugenol in 20 p.c. sodium hydroxide solution 
with formaldehyde at 60° ; m.p. 37°-38° 
(Monasdb, Ber. 1902, 3894). 

• Eugenpl gluctsldfc m.p. 132°, is produced by 
the action of acetochlorhydnwe on the potassium 
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salt of • eugenol (Michael, Amer. Chem. j) 6, 
336). ' 

Eugenol and woe ugenol form compounds 
with proteins which are stated to be used 
in the treatment of tuberculosis (Belart, Eng. 
Pat. 9246, 26075; Fr, Pat. 389889; J. Soc. 
Chem. Ind. 1908, 998 ; 1909, 1325). 

(For compounds with iodine, v. F. v. Heyden 
Naohf. D. R. P. 70058 ; Ber. Ref. 1893, 915 ; 
Ingle, J. Soc. Chom. Ind. 1904, 422.) The N- 
suostituted aminoethyl compounds of eugonol- 
and woeugonol- acetamide are stated to be used 
as local anaesthetics (Kinhom, 1). R. P. 208255 ; 
J, Soc. Chom. Ind. 1909, 491). 

Bromine in excess forms with ougonol, di- 
ra^meugonol dibromido, m.p. 118°-119°, which, 
treated with zinc-dust in alcoholic solution, 
yields dibromeugonol, m.p. 59° (Chasanowitz 
and Holl, Ber. 1885, 823 ; Auwers, t bid. 1901, 
4266). By treating eugenol with bromine in 
chloroform at 0°, bromeugenol is formed (Lando, 
J. Amer. Chem. Soc. 1905, 27, 641). Tribrom- 
eugcpol and other brom- derivatives (v. Lando, 
lx . ; Auwers and Muller, Ber. 1902, 35, 114; 
Hell and Anwandtor, ibid. 1895, 2085). 

Eugenol methyl ether occurs in several 
ethereal oils, and can be obtained from voratrol 
(v. supra). It is also obtained l>y the action of 
methyl iodide and caustic potash on eugenol 
(Ciamician and Silber, Ber. 1890, 1164); b.p. 
247°-248°. It is readily converted into iso- 
eugenol mothyl ether, b.p. 263°, which yields 
methyl vanillin and veratric acid on oxidation 
with potassium dichromate and sulphuric acid. 

woEugeno! 

(H0)(CH 8 0)C fl H 8 -CH;CH'CH 8 (C 8 n 5 :CH.,0:H0= 1:3:4) 

occurs in small quantities in oil of nutmeg (Power 
and Salway, Chom. Soc. Trans. 1907, 2041), and 
as the methyl ether in the oil from A mrum 
arifolium (Michx.) (Miller, Arch. Pharm. 240, 
371 ). It is prepared by adding 5 parts of eugenol 
or an equivalent quantity of oil of cloves to 12*5 
parts of potash, dissolved in 18 parts of amyl 
alcohol, and heating for 16-20 hours at 140°. 
The product is steam distilled, ami the residue 
acidified with sulphuric acid. The wocugenol 
separates out, is washed with sodium carbonato 
solution, and purified by distillation (Tiemann, 
Bor. 1891, 2870; 1894, 2580; Lairi, Eng. Pat. 
17547 ; J. Soc. Chem. Ind. 1891, 854 ; Haar- 
mann and Reimer, D. R. P. 57808 ; Ber. Ref. 
1892, 94). The amyl alcohol may be replaced 
by methyl, ethyl, or butyl alcohols (Gassmann, 
Compt. rend. 124, 38 ; F. von Hoyden Nachf. 
D. R. P. 70274 ; J. Soc. Chem. Ind. 1892„ 633). 

1 Other methods aro to heat eugenol with 4 parts of 
caustic potash and some water at 220° (Einhom 
and Frey, I). R. P. 76982 ; Frdl. iii. 863 ; Ber. 
1894, 2455) ; to heat the alkali derivative of 
eugonol to 200° in the absence of air (Frilzschc, 
1). R. P. 179948 ; J. Soc. Chem. Ind. 1907, 
1216) ; and to heat the acid sodium salt of iso- 
eugenvlphosphoric acid to 150° {v. Engenyl- 
phosphorve acid). 

woEugenol forms colourless crystals, m.p. 33°; 
b.p. 264°-265° (J. Soc. Chem. Ind. 189k, 633), 
193*6° (100 mm.), and 266'6°-268 > 5° (760 mm.) ; 
sp.gr. 1*0994 at 4°/4°, 1*0944 at l<tf/10°, 1*0872 
at 20°/20° ; jpeoinc magnetic rotation P-5578 ; 
molecular magnetic rotation At 15°, 21*469 
(Perkin, Chem. Soc. Tran* 1896, 1247). On 


oxidation, iwtjffool and its derivatives yield 
the corresponding derivatives qi vanillin. Thus 
isoeugenol, when treated . With sodium peroxide, 
yields vanillin itself (Hew mann and Reimer, 
Eng. Pat. 11952, 14M}. 'ft Soc. Chem. Ind, 
1895, 506; 1897, ,633; cf. Majert/D. R* P. 
82924 ; Ber. Ret* 1895, 878). Ozone oxidises 
woeugonol in the same way, and Vanillin is also 
produced by the electrolysis of the sodium salt 
of woeugenol and subsequent, addition of acid 
(Otto and Varley, U.S. Pat, 553039, 553593 { 
Ber. Ref. 1896, 249 ; cf. Otto, Ann. Chim. 
Phys. 1898, [ viii. ] -13, 120). Ferrio chloride 
oxidises woougenol to dehydrowoeugenol, m.p. 
133° (Cousin and H6rrisey, Compt. rend. 1908, 
147, 247). 

isoEugenol is readily polymerised by small 
quantities of mineral acids, aoid chlorides, or 
metallic haloids, forming diisoe.ugenol, which 
crystallises in colourless needles, m.p. 178 p 
(F. von Heyden Nachf. D. R. P. 70274 ; J. Soc. 
Chem. Ind. 1892, 633), 180° (Puxeddu, Gazz. 
chim. ital. 39, i. 131). Similarly, the ethyl 
other of woougenol, when dissolved in alcohol 
and treated with hydrogen chlorido for some 
hours, polymerises into diothylditsoeugenol, 
m.p. 130° (Puxeddu, l.c. ; WassGrmann, Annalen, 
179, 375). 

The acyl and aryl derivatives are obtained 
by methods similar to those employed for tho 
eugenol compounds, but the solutions must be 
kept cool to prevent polymerisation taking place ; 
acetyl isoeugonol, m.p. 79°-80° ; benzoyl iso- 
eugenol, m.p. 103°-I04° ; benzyl woeugonol, 
m.p. 48° (Pond and Beers, J. Amer. Chem. Soc. 
19, 825; Merck, D. R. PP. 103581, 109445; 
Chem. Zentr. 1899, ii. 927; 1900, ii. 407; 
Haarmann and Reimer, 1). R. P. 57568 ; Ber. 
Ref. 1892, 93). If acetyl chloride is added to 
i.voe ugenol at 54°, and the temperature is finally 
raised to 80°, diaectyldiwoeugonol is obtained, 
and by hydrolysis with acids, dmoeugenol is 
formed (Tiemann, Ber. 1891, 2870 ; 1894, 2580). 
Mothylene chloride reacts with an alkaline solu- 
tion of eugenol forming mothylenediisoeugenol, 
m.p. 50°-52°, which on oxidation yields methyl- 
enedivanillin (Losault & Co., D. R. PP. 75264, 
76061 ; Ber. Rof. 1894, 812, 928). 

5-Nitro woe ugenol is formed by the action of 
nitric acid on woeugonol in acetic acid solution ; 
on rocrystallisation from isobutyl or amyl 
alcohols it forms a reddish-yellow mass, whioh 
decomposes at about 150° (Puxeddu antTComella, 
Gazz. chim. ital. 1900, 36, ii. 450). 

woEugenol carbonate is prepared in the same 
way as eugenol carbonate ( q.v .) (F. von Heyden 
Nachf. lb R. P. 61848 ; Ber. Ref. 1892, 486). 

By adding excess of bromine 'to woeugenol, 
bromwoeugenol dibromide, m.p. 138°-139°, is 
formed. If only 1 molecule of bromine is added, 
an unstable woeugenol dibromide, m.p. 95®, is 
produced Di- and tri-iaoeugenol dibromides 
hhve boon prepared (Hell and Portman, Bel?. 
1895, 2088; Hell and Bauer, Ber. 1904, 1128; 
Zincke and Halm, Annalen, 329, I). 
f woEugenol methyl ether occurs in the oil of 
Asarum arifolium (v. supra). It can be pre- 
pared by warming eugenol methyl ether with 
alcoholic potash (Ciamician and Silber, Bet, ' 
1890, 1165) ’or by treating usoqjjgen id 
dimethyl sulphate and aqueous potash (ManfiitaH, 
Arch. Pharm. 248, 12^); bp. 263°. 
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woEugenol is distinguished Ifpajjs eugoiyil by 
the following regions : (i.) ferrin ohlorido gives 
an olive-green colouration with its alcoholic 
solution ; (ii.) zinc chloride, a bright rose-pink 
odour ; (iii.) Buiphuric acid, a rose-pink colour 
changing to light-brown. 

EUGUFORM, EUMYRDIN, EUPHTHAL 
MIN, EUPORPHIN v. Synth jstic drugs. 

EUKODAL. Oxydihydrooodeinone hydro- 
chloride. Used $s a narcotic (Freund and 

n er, Munch, m^d. Woch. 1917, 04, 980). 

ULATIN. Trade name for a mixture of 
p-bromobenzoic acid, o-aminobenzoie acid, and 
antipyrine. 

EUONYMUS ( Euonymi Corkx, B.P.) (deleted 
from U.S. P. 1910) is the root bark ol A’, nlro- 
purpureus (Jaquin), a shrub indigenous to the 
United States, and known there as * wahoo ’ or 
‘ burning bush.’ It is said to contain an amor- 
phous bitter principle and a glueosule euonymm ; 
the latter, according to Hans Meyer (cf. Schmiede- 
berg, Arch. exp. Path. Pharm 1889, 10, 109), 
possesses ^ <JigitalIs-like action, causing systolic 
arrest of the frog’,, heart m very small doses. 
Nothing is known about it. chemically. For 
an account of earlier investigations, t>. Rogerson 
(Ghent. Soe. Trims. 1912, 101, 1040), who 
isolated duleitol (2d p.e. of the bark) and other 
substances, but could not lind any glueosule. 
The latter negative result ini^y have been duo 
to hydrolysis b£ the«steam distillation employed. 
The name euonymin is also applied to dried 
extracts of varynm composition, brown euony- 
min being from the loot bark, and green (con- 
taining chlorophyll) from the stem bark. 


solltions, and the latter turns- pure blue bn 
warming. In acid solutions, it dyes animal 
fibres orange, in ammoniacal solution especially 
with tin mordant, blue-violet. Liebermann 
called this colouring matter eupittone, and re- 
garded it as at least closely allied to pittacal (Ber, 
11, 1145). Hofmann (Ber. 12, 1371, 2216), by 
the action of hexachlorcthane (J 2 C1 8 on dimethyl 
pyrogaliate mixed with alcoholic potash or soda, 
obtained a substance identical ill composition 
with the eupittone of Liebermann, and strongly 
resembling it in properties. It is an orange- 
yellow substance, solublo in acetic acid, and 
precipitated therefrom by alcohol. It melts aA 
200° and decomposes partly into a blue 
lunate. It forms the same alkali salts and gyps 
the same sulphuric acid reaction as eupittone. 
This body is h e x a m c t h o x y-r osolio acid 
0 1 9II 8 (0( 'll g)(,( ) j. Heated with alcoholic am- 
monia, it yields hoxamethoxy-rosanilino 

OH-ULU i H 8 (NU,)(OMo) 1 ] 4 
which crystallises in broad colourless nqpdles, 
and has no tinctorial properties. When 2 grams 
eupittone are lieateu with 20 c.c. alcoholic 
mcthylammo (10 p.e.) at 150°-100° for 2£ 
hours, it yields hexametlioxydimethylformyl- 
l>ara Icucaiulmo 

CHLC 8 H 2 (OMo) 2 NHUH 3 J 2 C 8 H 2 (OMe) 2 NHCHO 
•m p. 187° (Liebermann, Ber. 94, 1094). Pyro- 
gallol is produced in attempting to replace the 
methoxyl groups by hydrogen. Its formation 
is analogous to that of rosolic acid 

3U>H 10 O,+CO, -Ca*H M 0,+2H,0 


• G. B. 

EUPAD. An antiseptic consisting of equal 
weif-hts of chlorido of lime and bone acul. 

EUPHORBIC ACID, EUPHORBIUM, 
EUPHORBONE v. Gum resins. 

EUPHORINE v. Synthetic drugs. 

EUPHRASIA TANNIN v. Tannins. 

EUPHYLLIN. Trade name for a compound 
of thoophyllino with cthyleno-diaminc. A 
white crystalline solublo powder, used as a 
diuretic ( v . Synthetic drugs). 

EUPITTONIC ACID, Eupitturw, Pittacal, 
Hexamthoxyaurin C 25 H 28 0 9 
OMo , 

0 1 O ; C t C fl H a< OMo )a UlI Ja 

.* OMo 

Pittacal is a bluo colouring matter obtainod 
by Roiohonbach in 1835 from the high- 
boiling portions of boeehwood tar. Gratzel 
also from the same products obtained a brown 
substance whioh gave the samo blue colour re- 
action with baryta as tho pittacal of lteiohon- 
baoh. The colouring matter, which only exists 
in small quantity ii> this brown substance, was 
extracted and examined by Liebermann (Bor. 
9 , 334). It is an orange-red crystalline powdo#, 
solublo in alcohol and acetic acid, forming 
brown solutions. It forms with alkalis purple, 
and with ammonia bluo solutions, from which, 
carbon dioxide precipitates bluo salts, soluble 
in pure water. Calcium, magnesium, barium, 
ana tin salts also give blue precipitates with 
the alkalin^ solutions. The • dalcium and 
magnesium salts are soluble* in water. 
Hydrochloric and sulphuric acids fprm red 
■ yoL. IL— T. 


Hofmann terms this body eupittonie acid, and 
usos tho name as synonymous with pittacal anil 
eupittone. Kupittomu acid cannot be obtained 
by heating the sodium derivative of dimethyl 
pyrogaliate or of dimethyl-methyl -pyrogaliate 
separately, in air ; a mixture of tho two, how- 
ever, with excess of soda given sometimes as 
much as 10 p.e. of its own weight of the acid. 
Tho action is comparable with that in which 
rosanilino is produced from aniline and’toluidine. 

2C 8 H 10 O 3 -f C 9 H j 2 0 3 — 0|jH 28 0 8 -)-3H 2 
Tho oxygen necessary to remove the hydrogen 
is obtained from the atmosphere, as in a dosed 
vessel no such change as the above takes place. 
Eupittonie acid appears to bo dibasic, tho 
sodium and barium salts, C 2 rU 24 Na 2 0 9 and 
0 2B H 21 Ba0 9 , have been prepared. Paper steeped 
in a solution of tho acid, and dried, is a moBt 
sensitive test for free alkalis on account of the 
bluo odour of the alkaline salts of eupittonie 
acid. Hydrochloric acid, however, produces 
tho same blue colour. With acetic anhydride, 
a diacetyl derivative, C„H,,O,(C 1 H 1 l0) i , m.p. 
265°, is produced, which, curiously, is insoluble 
in alkalis, although its molecule ought to contain 
four hydroxyl groups. 

The dibcuzoyl derivative C 2fi H 21 0 # (C 7 II 6 0) 9 
forms golden needles, m.p. 232° ; the dimethyl 
ether C 26 H 24 Me 2 0 9 has m.p. 242° ; the diethyl- 
ether C| 5 H 24 Et 2 0 9 has m.p. 201°-202 J ; and the 
lode compound C 26 H 98 0 9 I 4 forms brown shining 
prisms. 

Euplttone^lack, noreuplttone, hexaoxyaurin 

or [C,H,(0H)J,C : CA(0H), : 0 
fa formed'by adaing*eupitt<jpe to sulphuric add 

* 2 y 
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atf 14U° and keeping the temperature at 125° 
until the mass is pure blue ; it is a dark shining 
black powder, and dyos mordanted fibres 
through a dirty violet to a deep black ; the 
hydrochloride C, B U 14 0 7 ,HCI,C 2 H 6 0 is deep 
blue (Liebormann and Widermann, Bcr. 34, 
1033). 

EUPNINE. Trade name for a pieparation 
of cafTome and iodine. 

EUPORPHINE. Trade name for apomor- 
phnie methyl bromide. 

EUPYRiN v. Syntiiictk 1 dkuos. 

EUQUININE. Trade name for quinine ethyl 
carbonate. 

‘ EUREKA v. Nickel. 

V EURESOL. Syn. for resorcinol monoaee- 

EURHODINES, EURH0D0LS v. Azi*i:s. 

EUR06IN. r l’rade name ot a pharma- 
ceutical preparation consisting mainly of the 
diacetate of ehrysarobin (i/.r.). 

EUROPHEN v. Nyhthhtk: dktmik. 

EUROPIUM. Eu --- 152 ( <J . Urbam and 
Lacombe, Cnmpt. lend. JU04, 138, 037, and 
Jantsch, ibid. 1908, llii, 473). 

Source . — The oxide of this extremely rare 
element is piesent m very small amounts 
in inoiiazito sand, and is extracted from 
tins mineral m the fraction containing the 
yttrium oartlis. 

Extraction. In separating europium from* 
its associates, advantage lias been taken of the 
isomorphism existiug between the double 
nitrates of bismuth and those of the metals ot 
the, rare earths. 

bismuth nitiato gives rise to a scries of 
double salts having the general formula 
3MU(N0 a ) 1 ,2Ri(N0 a ) J .2fH B 0 
where the bivalent metal may be magnesium, 
yuue, nickel, cobalt, or manganese (IJibain and 
Lacombe, Compl. lend. 1903, J 37, 508), Mag- 
nesium bismuth nitrate 

3Mg(NO iJ ) 2> 2Ui(M< ) 3 )j 21I1 d) 
is lsomorphous with the corresponding double 
magnesium nitrates 

3Mg(NO # ) 1 ,2M«i(NO J ) J ,2LJJ a O 
where M ni — O, La, Nd, Pr, Sm, Eu, Old, and Tb 

To a mixture of these metals in the form of 
then* double magnesium nitrates is added a 
large excess of magnesium bismuth nitrate. 
When the product is crystallised methodically 
from nitric acid solution, the double magnesium 
nitrates of cerium, lanthanum, praseodymium, 
neodymium, and samarium first separate, 
followed by the double salt of bismuth, 'icavmg 
europium and gadolinium in the mother liquors. 
As the fractional crystallisation proceeds, the 
rare earths yielding double nitrates less soluble 
than the bismuth double salt, arc gradually 
eliminated until at a certain point the middle 
fractions contain no other tervalcnt metal than 
bismuth. When this point is reached, all the 
samarium has been crystallised out, and thus 
separated from the europium and gadolinium. 
The bismuth still in solution is removed from 
the mother liquor by hydrogen sulphide, and<the 
europium and gadolinium separated by further 
fractionation of the filtrate, the eufopium double 
nitrate beii^fHhe first to crystallise from this 
solution (Demargay, Cornet, fond. ^900, 13G t 


1019 h 1469 ; Urbain and Lacombe, ibid. 1904, 
138, 627). This crystallisation process is a 
satisfactory method for obtaining piire euro- 
pium, samarium, and gadolinium, and affords a 
means of separating quantitatively europium 
and samarium {rf. Eborhard, ZeitBoh. anorg. 
f 'hem. 1905, 45, 374 ; James and Robinson, 
J. Amor. Uhem. Soc. 1911, 33, 1363). 

Europia ( Europium oxide) Eu 2 0 3 , obtained 
from the purified double salt, sjiows no samarium 
spectrum, and only the strongest lines of gado- 
linium (i>emar<;ay, Conipt. 6 rend. 1901, 132, 
1482) ; it. has a pale pink tint, but when produced 
by heating the sulphate at 1600°, the colour is 
somewhat deeper. 

Europous chloride EuCl a is a colourless 
amorphous substance, forming a neutral solution 
m water, which oxidises at 100'’ : 

12EuC1 2 | 30 2 =8EuC1 3 +2Eu 2 0 3 

Europium sulphate Eu 2 (N0 4 ) ; „8H,0 forms 
pale-pink crystals, stable in air and dehydrated 
completely at 375° (Compt rend. 1904, 138,627). 

The europium salts yield pale-pink* solutions 
and in strong mine a< id they exhibit, an absorp- 
tion spectrum consisting of eight somewhat 
faint, bands. • 

The spaik spectrum is cliau' t.eristic, and was 
lust observed by Lecoq do Boisbaudran in that 
given by crude samaria, three very intense lines 
m the blue being .isctihcd by lmu to a new earth 
Z, 'I’lii’ reversion spertium shows the band 
A(il5 icfericd by do Boisbaudian to the earth 
Zc (Lompt. rend. 1893, 110, 674 ; 117, 199). 

'The most intense lines of flic arc spectrum 
are very characteristic, and constitute a delicate 
test for europium, which can he thus identified 
in the crude oxides from monazitc after re- 
moving the cerium (Eberhard, Zeitsch. anorg. 
Clictn. J 905, 45, 374). The cathode phos- 
phoicHceneo spectrum exhibits the anomalous 
ray referred by Crookes to the ‘meta-element’ 
Ns. Pure, europia, however, give no phos- 
phorescence spectrum unless diluted with some 
other eaitli. With lime in the proportion 
Eu J)., : 99(_'aO, a red phosphi m'seoneo is ob- 
served, and similar effects aie obtained on 
mixing europia with alumina or gadolmia. 
Mixtures with excess of the latter give a white, 
and wit h excess of europia a red^ phosphorescence 
(Ui bain, Compt. rend. 1906, 142, 205, and 
Seventh Congress of Applied Chemistry, 1909, 
section 10, 94). 

(Ultra-violet and arc spectra, v. Exner and 
ilaschek, Sitzungsber. Wien. Akad. 1902, lfa, 3, 
42, and Dio Wellcnlangpn‘ der Bogenspektra, 

Europium has been detected spectroscopi- 
cally in tho sun’s chromosphere, in a-Bootis and. 
in /3-(lcminorum (Lunt, Proe. Roy. Soc. 1907, 
A, 79, 118). • G. T. M. 

EUROSAMARIUM. An clement detected 
by Eder, and occurring associated with europium 
and gadolinium in monazitc (Sitzungsber. K. K. 
Akad. Wish. Wien. 1917, 11a, 126, 473). 

EUSCOPOL. Syn. for inactive scopolamine 
t hydrobromide. 

EUSOL. An antiseptic, used in surgery, 
consisting of a solution prepared by shaking up 
in 1 litre o£ plater 25 grams of a mixture of 
equal weights of chloride of lirrfts borio aoid, 
and filtering* off the sediment; the solution 
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contains about 0‘64 p.c. of hypochlorous acid, 
and 1*28 p.c. of calcium biborate. • 

EOSTENIK, Trade name for an addition 
product of theobromine-sodium and sodium 
iodide. 

EUSYNCHITE v. Vanadium, 

. EUXANTHIC ACID, EUXANTHONE, and 
EUXANTHONJC ACID v. Indian yellow. I 

EUXENITE. A rare-earth mineral con- 
sisting essentially of columbato and titanato of 
yttrium and erbilm, with smaller amounts of 
uranium, thorium^ cerium earths, iron, &c. 
OrystSls are orthorhombic, but ore very rare 
and indistinctly developed ; the mineral is more 
often massive, with a blackish- brown colour and 
a brilliant pitchy lustre ; sp.gr. 4-6— 5*1 ; H. 6|. 
In appearance and character, it elosely resombles 
several other rare-earth minerals, jiarticularly 
polycrase, from which it differs in containing a 
lower ratio of (Cb,Ta).,0 6 : TiOj,. It is occasion- 
ally found in the felspar quarries at several 
places in tho neighbourhood of Arendal in 
Norway (v. W. C.. 15 logger. Die Mineralien dor 
Siidnorwegisehen Olramt-Pegiuatitgangc, 1906) 
Also in tho pegmatite veins of Madagascar, 
Cooglegong in Western Australia, South Sher- 
brooke m Ontario, &c Named from tv^vos, 
friendly to strangers, in allusion to the several 
rare-oarths it contains. L J. S. 

EVAPORATION. Tho term ‘ evaporation ’ is 
used in cnrmectym with technical or manufactur- 
ing operations wherr a liquid is conveited mto 
vapour, but in chemical manufactures it is 
generally limited tq those processes wheno tho 
object is to separate a liquid from a solid winch 
is dissolved in it, or to separate a more volatile 
from a less volktile liquid. In eases where tho 
liquid to be evaporated is one of the products of 
the process, and is collected by condensation, the 
process is known as Distillation {q.r.). Where 
a solid substance contains water, not as wator of 
crystallisation, and without presenting visible 
moisture or wetness, the process of removing this 
moisture under suitable circumstances is known 
as Desiccation or Dkyinu {q.v.). Tho opera* : 
tion of evaporation, however, is conducted on the j 
greatest scale in the generation of steam for j 
steam engines, and in the production of steam 
generally for manufacturing purposes. Although 1 
more water is evaporated in connection with ; 
the steam engine? than for any manufacturing ; 
processes, yot great quantities of steam aro j 
used as a convenient means of applying and dis- j 
tributing *heat, especially when regulated and 
moderate temperatures aro’requirod. In such j 
cases tho heat is applied to the vossel to bo 
heated by jacket spaceS or through coils of pipes 
immersed in tho liquid to be raised in tempera- | 
ture. Such applications are made in sugar and 
confectionery manufacture, and in distilleries, 1 
breweries, and dyeing, &c. 

Water and many other liquids evaporate 
without the application of heat. A vossel of 
water freely exposed at the ordinary temperature 
of the atmosphere soon evaporates and dis- 
appears. This is due to tho fact that water 
vapour has a sensible pressure at ordinary tem - t 
peratures, and as gases and vapours freely diffuse 
throughout each other, any water placed with 
a free surface in a confined space continues 
to evolve ajjp •diffuse its vaptuf until the 
water vapour present in the wnoW space is at 


the^maximum pressure whioh corresponds with 
tho temperature. Although evaporatiotf’oooum 
in this way without any application of iUoreased 
temperature, yet heat is absorbed by the vapour 
formed from the liquid, and if the evaporation 
be rapid and be conducted under such circum- 
stances that heat from surrounding objeots is 
prevented from reaching the liquid, then its 
temperature will be greatly reduced. This fact 
is illustrated by the well-known lecture ex- 
periment of placing a shallow copper cup filled 
with ether upon a block of wood, and under it a 
drop of water. When air is blown upon the ether 
it rapidly evaporates and carries off so much 
heat from tho copper that the water drop undei» 
it is frozen and the copper adheies to the woodj 
A liquid is said to be volatile when its vapour lps 
a considerable pressuro at ordinary atmospheric 
temperatures. At 20°, for example, the pressuro 
of water vapour (or tension as it is somewhat 
inappropriately called) is 17 ‘39 mm. mercury, 
whilst the pressure of ether vapour at the same 
temperature is 4333 mm. and that- of alcohol 
44-5 miu. If the liquids be placed in atmo- 
spheres whoso pressures could be kept at these 
points by artilicial means, then those liquids 
would boil. As the evaporation under these 
circumstances is very rapid, relatively to tho 
flow of heat to the liquid from surrounding 
bodies, if only atmospheric temperature bo 
available, the heat is abstracted so quickly that 
many liquids freeze. 

Advantage is taken of these properties for 
many purposes m tho use of air currents passed 
over the surfaces of liquids to evaporate them 
without tho application of other than natural 
heat. Reduced pressures are also applied to 
evaporuto without heating or to reduce the tem- 
perature necessary in order to avoid chemical de- 
composition and also to produce cold mechanically. 

Evaporation in steam boilers. The evapora- 
t-ivo efficiency of the steam boder has been more 
closely studied than that of any other type of 
evaporating apparatus, and the principles of 
the economical application of heat for evapora- 
ting are more completely known in this connec- 
tion than in any other. 

Tho leading" types of steam boilers now in uso 
for the purposes of niotivo power are as follows : 
Lancashire, Cornish, Locomotive multitubular, 
Marine multitubular, and Water-tube or tubu- 
lous typos. 

Obviously m an article of this character 
detailed description of the various types of 
boiler is uncalled for; tho reader is therefore 
referred to the nuniorous text-books existing on 
tho subject, such, for example, as “Steam- 
Boiler Construction," by W. S. Hutton ; “ Steam- 
Boilers, Their History and Development,” by 
H. H. 1\ Powles; “Steam-Boilers/’ by C. H. 
Peabody and E. F. Miller. 

Evaporation in open vessels, In many 
chemical manufactures it is nccoesary to eva- 
porato off water in which tho substance, tho 
object of tho process, is dissolved, and in such 
cases, when heat is to be applied, it is desirable to 
economise fuel to the greatest possible extent. 
The heat of wasto gases is therefore used as much 
as possible. The method of applying heat varies 
considerably with the chemical nature of the 
substance dealt with, and choice #E economical 
apparatus is of tq| limited by the corAsive nature 
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of the liquid to be evaporated. In the ,proees& 
of corfcentrating oil of vitriol from the dilute 
acid, a series of shallow open load pans receives 
the dilutod acid and heat is applied below. The 
hot furnace gases arc allowed to impinge upon 
the bottom of the vessel containing the weakest 
acid, and therefore requiring the greatest quan- 
tity of heat for evaporation, and as the gases 
cool they impinge upon the succeeding vessels 
of stronger and stronger acid, requiring less 
quantity of heat until the acid has become as 
concentrated as it is safe to trust to leaden 
vessels. Instead of tins plan, in some eases 
the furnace gases are passed over the surface 
bf the acid in order to heat it. from above, 
NyUd the volume of gases in motion removes 
’ tlfc vapour as fast as it is formed. The ad- 
vantage of surfaco evaporation arises not from 
the fact of its being economical, because liquids 
are heated with difficulty from above. Tho hot 
liquid in contact with the gases expands and liaB 
no tendency to cause convection curronts, but 
rather remains stationary above the colder 
portions, and accordingly it is always advisable 
to heat from bolow when possible. In many 
processes, however, during evaporation, a deposit 
comes down and this, coating the bottom of the 
vessel, prevents the free contact of the metal 
with the liquid. The resistance to tho passage 
of heat from tho medal to the liquid is thereby 
much increased, and the bottom Buffers rapid 
destruction from over-heating, in boilers using 
very hard water tins is a fruitful source of 
trouble and danger. 

When surfaco evaporation is resorted to, 
large surfaces are exposed in shallow tanks over 
winch tho flame and hot gases from a furnace are 
allowed to pass. The pans are covered in so 
that the radiant heat from the brickwork assists 
the action of the flame and hot gases. Arrange- 
ments of this kiud are used in evaporating weak 
alum liquors, and the tanks are built up of bricks 
bound together with a cement composed of lime 
and alum shale. Sometimes an open pan is 
placed above the gases to contain the feed liquid 
and heat it in its progiess to the evaporating 
pans. 

Evaporation of brine. Brine is sometimes 
evaporated by allowing the liquor from tho 
springs to flow over masses of twigs in such a 
manner as to expose very extensive surfacos to 
the action of air currents ; by pumping over a 
succession of these surfaces it is gradually con- 
centrated. When artificial heat is applied to 
the evaporation of brine, large shallow salt pans 
are used. They consist of flat quadrangular 
* vessels of plate iron supported upon suitable 
brick walls, forming flues which distribute the 
heat from furnaces placed in the centre part 
under the vessel. The flames strike directly upon 
the bottom of the vessel, and the hot products of 
combustion are conducted outwards by flues 
loading to tho stack or chimney. In this way 
they traverse the whole bottom surface of the 
evaporating pans. The pans arc; of great area, 
often 60 foot long by 30 feet wide. The water 
vapour is collected by a large conical h#»od and 
carried off by a separate chimney. The sides of 
the lower part of the cone are so constructed 
that they can be opened to admit air from the 
direction inrfhich tho wind is blowing. This 
assists the evaporation by onrrjflng offithe watei 


vapour generated and exposing the surface to a 
contfhual air current. 

If heat enough to cause a liquid to boil be 
applied, an air current will not increase the 
evaporation, but will tend to diminish it by 
cooling tho vessel containing the liquid; but 
when the liquid does not reach the boiling-point, 
the continuous removal of the atmosphere in 
contact with the liquid is necessary. . If this be 
not done, then, so soon as the atmosphere has 
become saturated with tho yhpour, that is, so 
Boon as the water vapour is present in quantity 
sufficient to produce the pressure which corre- 
sponds with the temperature of the liquid, the 
evaporation ceases. 

It is a necessary condition of evaporation at 
temperatures less than the boiling-point, that the 
atmosphere into which the evaporation takes 
place should be continuously renewed, and it is 
advisable that the air into which tho water eva- 
porates should not be of lower temperature than 
the liquid. When tho temperature of the air is 
lower than that of the liquid, the volume of 
vapour carried off is much reducotl, 'as the air 
must bo heated by the vapour before it is 
capable of carrying off the volume equivalent to 
the vapour pressure. Producer gas is used for 
evaporating the brine at Tsehl salt works, and 
the operation is conducted in deep rectangu- 
lar plate -11011 vessels grouped together, and 
fed continuously 1 by a system *of distributing 
pipes. 

Steam is much used to supply the heat re- 
quired for evaporation, especially when the sub- 
stances to be dealt with are of an easily decom- 
posable nature if overheated. TJio boat is often 
applied to tho vessel by means of a steam jacket, 
that is, the vessel is made double walled, and tho 
interspace is utilised to receive the hot steam. 
When the temperature requires to be higher 
than 100°C., tho jacket space is constructed to 
withstand pressure, and steam under boiler pres- 
sure is supplied, but steam is most commonly 
used at atmospheric pressure and applied to the 
liquid by passing through rows or coils of pipes 
immersed m it. Tho arrangement of these 
pipes varies, and m some cases they are so 
connected as to be capable of hingeing out 
of tho vessels for ready access and cleaning 
purposes. i 

Milk is now rapidly evaporated by spray- 
ing into heated air without raising the milk 
temperature to such a point as would cause 
chemical change. 

Evaporation under reduced pressures. In 

the older processes of sugar manufacture, the 
sugar liquors were concentrated by the direofc 
application of heat from a five upon the vessels 
containing them, but the greatest difficulty was 
experienced in preventing decomposition when 
the solution became concphtrated. To avoid 
this difficulty, the vacuum pan was introduced 
fey Howard, and in various modified forms it is 
still used. Tho boiling-point of a liquid depends 
upon the pressuro to which it is subjected, and 
by reducing the pressure the bailing-point hi 
L greatly reduced. The vacuum pan consists 
essentially of a globular copper vessel containing -, 
the sugar liquor, and having the lower portion 1 ’ 
steam jacketed, while steam also passes through 
a coil of pipe immersed in the*liquid. The 
upper part of the vacuum pan carries a oircu& 
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steam dome or cylinder from which a pipe 
passes to‘a vessel intended to collect any liquor 
which may have primed over. From this vessel 
it is run back into the pan again. An air pump 
exhausts the apparatus and passes the steam to 
a condenser of usual construction. Fig. 1 shows 
a vacuum part made by Messrs. Manlove, Alliot, 
& Co. The vacuum pan a is formed in two por- 
tions bolted together. It is fed with liquor from 
the vessel b by suitable cocks, the pipe connec- 
tions a, b being arranged to equalise the pressure 
within the vessel, so that the flow may be 
towards a. The livo steam is admitted at the 
valve c, and passes through coil n into the jacket 
E, from whence it discharges and drams by the 
pipe p. The cylindrical dome or cylinder g 
prevents any great priming, but any liquid 
which may find its way by the pipe h is caught 
in the cylinder i and returned to a by the pipe k. 
The pipe L leads to the air pump and condenser. 



Fig. 1. 


A thermometer placed in the upper part of tho 
pan indicates the temperature of the operation, 
whilst a vacuum gauge or burometor column is 
used to show the pressure within. The boiling- 
point of the liquid at atmospheric pressure is 
about 250°F., and this is /educed to 15()°F. by 
using the vacuum pan. 

Fig. 2 shows a vacuum pan of modem con- 
struction, made by the Mirrleos Watson Co., Ltd., 
of Glasgow. In this vacuum pan, tho liquor is 
heated in the vessel a by coiled steam pipes b t 
and also by- reason of its passing upwards through 
small tubes c, through a steam chamber, d, the 
down flow of tho liquor taking place through 
the central large tjibe e. In other respects, 
the operation of this vacuum pan is similar to 
that shown in Fig. I. 

Evaporation* uftder reduced pressure by 
triple and multiple effect. It is evident that as 
a liquor becomes more concentrated the boiling- 
point rises, and in ‘evaporating liquids liable to 
Chemical change by overheating, the pressures 
under which boiling is effected must be arranged 
to keep the temperature within safe limits. In 
the case of sugar liquor this safe limit is 227°F. 

Steam at 5 10b. per square inch above atmo- 
sphere haa this temperature, and if it be applied 
te pen Containing a weak sugar liquor at 
atmospheric pressure, the liquor will boil. 

Neglecting losses by radiation and like 
pauses, the steam coming from it has the same 

t of heat as was imparted to the liquor 

l under slight pressure, and if it be [film ’ tubes also within tl 
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conducted to the ooil and jaoketeof a second pan 
in which a slight vacuum is maintained, it will 
generate almost its own weight of steam at lower 
pressure and temperature, and bo evaporate the 
water from the second pan. If the steam so 
generated bo taken to the coil and jacket of a 
third pan, its heat can again be utilised to 
evaporate the liquor there, provided the vacuum 
is sufficient to allow it to boil. This process 
may be continued until the original heat of the 
steam supplied to tho first pan is dissipated by 
conduction and radiation. This is the principle 
of the ‘ triple-effect ’ apparatus, by which a great 
economjr is effected in the amount of fuel needetL 
to evaporate a given weight of liquor. TJfr 
steam from one pan at higher pressure proceeds 
to the coil and jacket of the next, and the steam 
from the second proceeds to the coil and jacket 
of the third, the pressures within tho pans 
proceeding in descending order as well as tho 
temperatures. 

Fig. 3 is an illustration of a triple-effect 
evaporator of the ‘ Hagemann ’ type, con- 
structed by the Mirrleos Watson Co., Ltd., for 
concentrating sugar. In this evaporator, the 
liquor is fed through an internal perforated 
pipe d at tho bottom of the vessel A, and the flow 
of liquid from vessel to vessel is automatically 
regulated by traps e, the liquor passing through 
the vessels A, b, and o in turn, the reduction in 
pressure being so arranged that it is least in a, 
more eonsidoiablo in b, and greatest of all in c, 
so that tho boiling-points aio lower in each 
succeeding vessel. The heating surface is ob- 
tained by means of a number of vertical tubes F, 
through which the liquor passes, these tubes 
being arranged in a steam or vapour space, G, 
divided by horizontal baffle plates h. The 
steam enters the steam space at tho top above 
the upper baffle plate, and passes to tho inter- 
mediate and lower spaces through apertures in 
the baffle plates slightly larger than the tubes 
which pass through them, the rush of ’steam 
through the openings removing the water of 
condensation from the surface of the tubes, 
and improving their efficiency. The upper 
part of each vessel acts as a separator, the 
vapour escaping, past a baffle j to prevent 
priming, through an outlet k either to the 
next offoct or to the condenser. 

In tho KostneiV climbing film ’ evaporator, 
one complete section of which is illustrated in 
Fig. 4, vertical tubes arc alsb used for the 
passago of the liquor, but they are fewer and of 
greater* length than in tho apparatus last de- 
scribed. Steam supplied through an inlet A to 
a jacket » causes ebullition of the liquor, sup- 
plied to a tank o, releasing a volume of vapour 
in the tubes d which occupies the central portion 
of each tube and carries up a film of the liquor 
on tho internal surface. A fixed baffle k, by 
means of suitably shaped vanes, produces a 
whirling motion of the liquor and vapour 
mixture as it emerges into the separator F, 
whereby the liquor is thrown outwards and 
drawn dK through an outlet g, and the vapour 
escapes, through a ‘ save-all ’ h, by an outlet j. 
In another foipi tho separator is placed at the 
bottom *of tne apparatus, the .Jiquor, after 
passing through, the ‘ climbing Ann ’ tubes, 
| bbing conducted" thlteto by a set of Mailing 
•team jacket 8. 
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Any number of sections as described nfty bo 
connected to form a multiple otfcct apparatus, 
the liquor and vapour from the outlets u and j 
of one section being respectively led to the 
tank o and inlot a of the next. 



The Yaryan evaporator. This ingenious 
evaporator is the invention of H. T. Yaryan, 
of Ohio, U.S.A., and it is now largely used m 
this country, the Continent, and America. It 
utilises evaporation under reduced pressures as 
with tho triple effect and also multiple effect. It 
differs from othy inventions of the same class 
in the mcthoTl of applying heat to tho liquid to 
be evaporated, wheroby tho liquid is heated in 
small quantities at a time, and is brought into 
very effective cont*u;t with the heating surfaces. 
Instead of using coils immersed in a liquid 
which is also heated by jacketed surfaces, £ho 
heat is applied by steam to the exterior surfaces 
of tubes, aqd tno liquid to bo evaporated is 
pumped within these tubes. The tubes 
arranged in straight cylindrical drums, and pass 
from end to end, terminating in chambers with 
partitions so placed that when the liquid is 
pumped inj),t «ono end of a sefteS it must pass 
through the whole series bofor* escaping into 
the separating chamber. # Fig. 5 is a_ section of 


one drum of the Jtvafpoiator, showing that &e 
liquid is pumnpd m at one end, travels along in 
the direction of the arrows, and finally escapes 
with the steam which is genoratod into the 
separator. The ttfbep are divided into sections 
termod ' coils; 1 and each section consists of fine 
| tubes coupled at the ends so as to form ft con- 
' t-inuous passage. ‘ Tho liquid and vapour pass 
from section to section in series, and so come 
j into effective contact with tho whole surface, 
j As the liquid is pumped in it evaporates, and 
, the steam produced carries it forward through 
! the tubes, so that a mass of liquid and stqpm is 
! brought m contact with every part of the \vhulo 
! heating surface, moving at a iiigh velocity b^ 
; cause of the steam generated, which has o^ffy, 

; the ono direction of escape, that is, through 
| tho whole system of tubes m each towards tho 
, separator. Tho liquor under treatment issuing 
' from the last set of tubes into the separator 
falls to the bottom, as shown m Fig. 5, and tho 
vapour rising up flows m the direction of the 
1 arrow to the catch all, where any liquor ontyained 
i is caught during its passage through the number 
| of small tubes with which this vcsselhs fitted. 


Cut cl i all 



This ensures drv vapour lining passed on to the 
evaporating shell of the next vessel, where it 
in turn boils tho liquor which is inside the 
tubes, and so on through the various effects 
until tho vapour from the last vessel reaches 
tho condenser. The advantages of tliis appa- 
ratus aro its economical working and rapid now 
of the liquor under treatment. Only a small 
quantity of liquid is in tho apparatus at one 
time, and so it is exposed to heat for a much 
shorter period than in tho ordinary vacuum 
pan, which is an important point. Tho appa-* 
ratus avoids entirely the loss of colour which 
always occurs to some oxtont in the older 
vacuum pans because of tho long period of time 
taken to evaporate the large quantity of liquid 
they contain, amounting in some cases to 
thousands of gallons. The Yaryan evaporator 
can bo started very rapidly, as it contains but a 
small mass to bo heated.” At tho same time, 
tho details aro arranged to permit of ready 
access#to tho tubes and ready cleaning. This is 
greatly assisted by the fact that the tubes are 
straight. Ijjfg. 6 shows a quintuple-effect 
evaporator with its vacuum and auxiliary pumps 
in general use for soda ash recotery in paper 
mills, ctfustio sodafoaustic potash, meat extract, 
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distillery refuse, and other liquids readily 
amenable to concentration. 

According to the patentees of the Yaryan 
apparatus, their double effect will evaporate 



Fia f>. 


10 lbs. of water for every pound of coal con- 
sumed under the boiler, 231 lbs. in a triple effort, 
30J lbs. in a quadruple effect, assuming that the 
boiler is so constructed as to evaporate 8] lbs. 
of water per pound of coal. 


The Yaryan apparatus has, since its first 
introduction in 1888, been greatly improved in 
design and efficiency, and large sextuple-effect 
apparatus working on the Yaryan principle have 
been constructed by the Mirrlees Watson Co., 
Ltd., for the distillation of fresh water from 
salt water, producing from 25 to 360 tons per 
day of 24 hours, and also for use in the Solvay 
process of soda manufacture in Europe and 
America. Fig. 7 indicates the essential features 
of such an apparatus for the distillation of salt 
water. Salt water, previously warmed by 
being passed through lieaters, is supplied by a 
pipe a to heating tubes in the lowost evaporator 
n fl , and thence is passed in succession by means 
of pipes (’ through heating tubes in the remaining 
evaporators. It has then reached boiling-point, 
and is circulated through the evaporating tubes 
of the first, evaporator b,, to which boiler steam 
is supplied by a pipe n. The mixture of liquor 
and vapour is conducted from the evaporators 
to the respective separators Ej-e # , by 
pipes f, the outlets for the liquor and >wpour 
from each separator to the next evaporator 
stage being by pipes o and h respectively. Con- 
centrated brine is drawn oft from the last 
separator e 6 by a pipe j, nnu the condensed 
fresh water passes from stage to stage by pipes 
k, and is finally drawn oft through an outlet l. 

1 n the Lillie type of evaporator the tubes are 



Fig. 7. 



also arranged horizontally, bait the steam is 
passed through them and the liquor is allowed 
to fall over their external surfaces. 

Evaporation in mechanical refrigerators. 
A separate class of mechanical refrigerators 
exists in whioh the cooling or refrigerating* effect 
is produced by evaporation. Liquids used arc 
ether, anhydrous ammonia, and* anhydrous 
sulphur dioxide* In all of these the process of 
the machine » identical. Tfcp \f*latile liquid is 


introduced into a chamber at a pressure at 
which it is liquid, and tho vapour is rapidly 
withdrawn from tho vessel by a pump. The 
rapid evaporation absorbs heat so quickly that 
the temperature falls and a brine or other liquid 
is cooled within a coil of pipes immersed in the ; 
liquid. By circulating this brine, the low tent-, 
perature majj ^»e utilised for reducing the" 
temperature of a cold store rooirt%r for pro* 
duemg ice. * 


EVERNIO ACID AND EVERNINKpACID. 




The vapour drawn off by the pump hi com- 
pressed and cooled by passing through tubes 
surrounded by water, and so becomes liquid 

K . It is then injected into the evaporating 
ber again, so that the process is practically 
continuous, and hut slight renewal of the vola- 
tile liquid is necessary to make up for small 
leakages.* 

The same prin'ciplo is applied in Carre’s 
freezing machine for freezing water. In this 
case the vapour is removed from tho surface of 
the water by a pump and condensed by strong 
sulphuric acid. Ammonia is also utilised in 
another apparatus in solution in water for the 
same purpose. By alternate expulsion from the 
water ana absorption, cold is obtained. 

Tho rapid evaporation of liquid carbonic 
acid, air, and other bodies which are gaseous at 
normal temperatures ‘and pressures, has also 
been used to produce low temperatures for 
liquefying the more permanent gases. D. C. 

EVERNIC ACID and EVERNINIC ACID. 
Evernio arid, or lecanoric acid monomethyl ether , 
was first isolated by Stenhouse from the Evernia 
\ prunasti (Annalen, 08, 83), and has been found 
also by Hesso^Ber. 1897, 30, 300) to exist in 
the Rcmalim polUmria (rj. also Zopf, Annalen, 
1897, 297, 271). 

The lichen is extracted with diluted milk of 
limo, the extract neutralised with acid, tho 
precipitate collected, dried, and digested with a 
little boiling alcohol. The hot alcoholic liquid, 
treated witn its />wn volume of water, deposits 
crystals of evemic acid (Stenhouse). 

Evemk acid crystallises in small colourless 
needles, m.rf. 108°- 109°, readily soluble in hot 
alcohol, and when boiled with solutions of tho 
aiuali hydroxides or baryta water, gives CO.,, 
orcinol, and everninic acid 

Ci7H ia O 7 -fH 2 O=aC # H l0 O 4 -f C 7 H 8 0 2 -4-C0 jj 
Rajnalio acid suffers a similar decomposition. 

Fischer IBer. 1913, 46, 3253; and 1914, 47, 
605) showed that when evemic acid was methy- 
lated by means of diazomethane, in othereal 
solution, a neutral crystalline ester identical 
with trimethyl-lecanoric acid methyl ester was 
obtained, and he pointed out that, as the 
methoxy group in everninic acid is in the para- 
position to thg carboxyl group, the structure of 
evemic acid must be : 

CH, 


I 


OH, 


CH a — 0 — CO— O—^^— COOH 
OH OH 

From this R follows that the isomeric ramalic 
acid (v, Ramalic acid) may be expressed as : 


CH, 


CH, 

0-^<^^^0-0~<^^-Ci 


— COOH 



>— COOH 


For descriptions of the No, Ba, Csf.Cu, ^Pb, 
and Ag. salts of evernio acid, cf. Hesse ( J. pr. 
Chem. 1915, [u.J 92, 426). 

Diacetykevernic acid Cj 7 H le 0 7 Ac l is a 
crystalline powder, m.p. 144°. 

Everninic acid (orsellinic acid monomethyl 
ether) resembles benzoic acid in appearance, 
melts at 157°, and yields the ethyl ester 
C # H # 0 4 (C 2 H 6 ) 
m.p. 72°. By digestion with hydriodio aeid, 
everninic acid gives orcinol, CO £ , and 1 molecule 
of methyl iodide. According to Heinrich (Ber. 
1904, 37, 1400), two formulae are possible for 
overninic acid : 


CH, 


CH, 


(1) C00H f 1 (2) C00 Y 

OCHjI^JoH OHk^OCH, 

Fischer and Hoesch (Annalen, 1912, 391, 347) 
have, however, shown that orseUinic acid a- 
methyl ether, prepared by them, and wljich has 
the structure (2), is identical with everninic acid. 

This conclusion has been further substanti- 
ated by the synthesis of everninic aldehyde, 
m.p. 0o°C. (and from it of everninic acid) 
(Hoesch, Ber. 1913, 46, 886), by the careful 
m ethylation of orcyl aldehydo with methyl 
sulphate, and 2N caustic Boda in the presence 
of acetone. This when treated with an acetone 
solution of methylchlorocarbonate, yielded 
mcthylcarbonato-eveminic aldehyde, needles, m.p. 
77°C., and the latter, when oxidised with potas- 
sium permanganate, was converted into methyl- 
carbomto-cveminic acid, needles, decomposing 
at about 100°C., which on hydrolysis with N 
caustic soda solution yielded everninic acid. 

These changes may be represented thus : 

CH t CH, 

I I 

Clio 

HO— l J— OH CH a O- 


-CHO 

-OH 


CH, 

I 

— CHO 
-0C0 3 -CH 3 


CH, 

I 


/\— COOH 
CH,0— — O’COjj’CHj 


OCH, 


CH, . * 

A-COOH 

CH,0-l v J~OH 

Hesse (J. pr. Chem. 1915, [ii.] 92, 425) has 
described tho following derivatives of everninic 
acid : — 

Acetyl everninic acid C 9 H # 0|Ac, colourless 
prissns, m.p. 111°C, 

* Nitro- everninic acid , oraege-red needles, 

m.p. 195$. 

j Dinitm-eveminic acid C 9 Hg0 4 (N0,) 8 H,Q 

golden-yellow needles, m.p. H^C. — the potas- . 
1 sium #alt is tery* explosive. 
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Hess’s expression (J. pr. Chem. fii.] fo, 
263) of the isomerism of evemic acid and ramalic 
acid, and which was based upon the older formula 
of orsellmic acid, is as follows : 

CO COOH 

ohAjOch, o/\oh 

CH 3 OII 3 


CO . coon 



A. (!. P. and A. JO. JO. 

EVERNIIN V. C II MS. 

EVODIA MELI/EFOLIA. This lre'\ belong- 
ing to the Rutacew , is found in China and Japan, 
where its bark is largely employed in dyeing and 
in medicine. It was formerly descnhed by 
Lonrei^o as P/rrorarpns flaviut, but this orror 
was eventually corrected by T\ W. Squire 
(Pharm. ,!. ISMS, |3] 18, 786). who showed it. to 
be really Knndia rjhtnat , which is synonymous 
with K. mehnfohn. By qualitat ive tests, Marl in, 
Tokio (Arch. Pharm. 1 SOH. 13, 337) and Squire 
(lx ) suspected the presence of hrrht nnr, and 
this colouring matter was subsequently isolated 
by Perkin and Ifummel (Cliem. Soe Trans (57, 
416). A. <{. P. 

EVODIN Ci-Hjjj^J,,. A crystalline substance 
found m the fruit of Evodia rutararpa, used in 
China and Japan m medicine and porfumery. 
First isolated by Kemmt7.u by treatment of i he 
dried fruits with benzene ; m p. 286". Insoluble 
in water, alcohol, ether, and light petroleum, 
slightly soluble in hot benzene, ethyl acetate, 
and chloroform, soluble in acetic acid and 
alkali solutions (rf. Asaluna and lshio, J. Pharm. 
China. 191ft, | viu ] 13, 53). 

EXALGIN. Trade name for methyl acet- 
anilide (r. Synthetic nniTrisj. 

EXODIN r. Synthetic minus. 

EXPLOSION, GASEOUS. Within recent 
years there lias been an enormous increase in the 
extent to which 1 he internal combustion engine 
has been utilised, and there aro now many millions 
of h.p. at work on this principle. Gas engines 
using coal gas, producer gas, or blast-furnace 
gas, are now working for all powers up to 2000 
h.p. per cylinder, and a large number of heavy 
oil engines are also in use. In addition, there 
are many thousands of petrol motors at work. 

In internal combustion engines working on 
♦he constant volume cycle, the motive power ir 
produced by the explosion of mixtures of inflam- 
mable gas or vapour and air in certain propor- 
tions, and the pressure produced by the explosion 
is utilised to propel the piston of an engine, as 
is done by the steam pressure in a steam engine. 

Seeing that a proper understanding of the 
phenomena associated with gaseous explosions 
is necessary, not only for persons in charge of 
internal combustion engines, but also for those 
rosponrible for the safety of workers both in 
coal mines and* in factories whero explosivff 
mixtures may be encountered or ygod, it is 
desirable first to consider generally the jpro- 
perties of such^mxturos and the mode in which 
flame is propagated through* tlftra. At tho 


\ 

outset? it should be recognised (1) that,, under 
given conditions of temperature and pressure, 
tho “ range of inflammability " of mixtures of 
any particular combustible gas and air (or 
oxygen) may be strictly definod, so that all 
mixtures outside of certain 4 lower ’ and ‘ upper * 
limits are non-inflammable ; (2) that tho 

ignition of any given inflammable mixture at 
a particular pressure is determined by the 
attainment of a certain dofinablo thermal (or 
electrical) condition at some*’ point or region 
in it ; (3) that after ignition the speed and mode 
of propagation of flame through the mixture 
are usually capable of measurement or analysis 
by well-established experimental methods; and 
(4) that when such a mixture ns inflamed in a 
closed vessel, the maximum pressure attained 
on explosion may bo accurately determined. 
But notwithstanding the truth of this state- 
ment. it is not'd ful to warn the reader against 
errors involved in tho loose employment of such 
terms as ‘ ignition tempeniluref 'speed of in* 
ff animation oi flame propagation,’ ‘ pressure of 
vs plosion' etc , unless I he concomitant/ physical 
circumstances arc simultaneously defined. 

A — r<!NmoN Phenomena. 

Ghemical change may be determined in a 
gaseous explosive mixture at a much lower 
temperature than is required to develop flame 
m it. Thus, for example, if electrolytic. gas be 
heated in an enclosure to a temperature some- 
what higher than 400°, the formation of steam 
can usually be detected after a lapse of a few 
days. On* gradually raising the temperature 
the rate of interaction between the hydrogen 
and oxygen rapidly increases until at length a 
>oint. would he reached when the rate at which 
icat is lost from the system (e.g, by conduction 
through tho walls of the enclosure) is more than 
counterbalanced by the rate at which it is 
developed by tho interaction. The reaction 
would then become self -propellant. 

The temperature at which such autogenous 
(or self-propellant.) reaction begins in a given 
gaseous mixture is usually termed its 4 ignition 
temperature ’ or ‘ ignition point,' although it is 
not ordinarily a well defined physical constant, 
being dependent, for example, upon the manner 
in which heat iH conveyed to tnfc mixture. It 
is dear also that the ignition temperature, as 
thus defined, does not necessarily correspond 
with the appearance of flame in the mixture. 
There is, indeed, usually a definite 4 pre-flame ’ 
period, the duration of which oan bo controlled, 
and which vanes considerably with tho different 
gas mixtures. Only when a mixture is fired by 
adiabatic compression, and tho pre-flame period 
is negligibly short, can its 4 ignition temperature ’ 
be regarded as a physical constant and deter- 
mined with precision. In most eases the ignition 
temperatures assigned to a series of gas mixtures 
merely give an approximate index • of their 
4 relative igniti bilities. ’ 

The Determination of Ignition Temperatures. 
— ^Several experimental methods (of which three 
principal ones will bo hereafter described) have 
been used to determine the so-called 4 ignition 
temperatures * of gases. The results naturally 
differ according tho details ofi fjjjp method 
adopted, and ^nust therefore bo carefully 
differentiated. 
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(1) A common method is to passP succee- 
•iye ‘samples of a particular inflammable 
mixture into a vessel whose temperature 
is gradually raised until the lowest degree at 
which flame appears has been found. In this 
way the ‘ relative ignitibilities ’ of a series of 
gas-air ^mixtures, may be determined, and for | 
Buch purpose the method is a useful one. Thus, 
for example, one of us (R.V.W.) haR recently 
determined flv this method the ‘ relative 
ignitibilities * or a series of methane-air mixtures, 
expressed in each case as the lowest temperatures 
of the particular enclosure required to inflame 
each mixture, as follows ; — 


According to Dixon and Croft’s ^ptenttina- 
tions by this method of the ignition-point* of 
mixtures containing electrolytic gas, whereas 
successive additions of hydrogen or nitrogen 
progressively raise the ignition temperature of 
the undiluted gas by regular increments, as 
would be supposed, successive additions of 
oxygen, on the other hand, lower it, as shown 
in the following table : — 

The Ignition-points op Mixtures containing 
Electrolytic GIas by Awabatic Compression. 

(By H. B. Dixon and J. M. Crofts, 1914.) 


Pc KU «» 7 '° »" »« 100 120 |ai1 

8(l f 7M " ™ 7 " 72 «" ™- 

It may be noted, in passing, that the moat 
ignitablo of these mixtures is not the ono (945 
p.o. methane) which on combustion gives the 
greatest heat* development per unit volume, 
but Either those containing a considerable 
excess of oxygen. The method does not, how- 
ever, disclose the lowest temperature at which 
a given mixfcire can bo ignited, because the 
walls of the heated vessel, by inducing chemical 
combination on their surface, retard tin* actual 
appearance of flame. 

(2) A 'better method* (first employed by 
H. B. Dixon tfnd H. F, Coward, Chom. Hoc 
Trams. 1909, 98, 514), which to a large extent 
eliminates the effect of heated surfaces, consists 
in heating the combustible gas and tho air (or 
oxygon) .separately to a known temperature 
and then allowing thorn to minglo, increasing 
the temperature of each gas stroam, jxtri passu, 
until their mixture results in flame. The 
‘ ignition temperature Hinges ’ of some combustible 
gases, at atmospheric pressure, as determined 
by this method, are as follows : — 


Combustible Gas 
Hydrogen . 
Carbon monoxide 
Cyanogen 
Ethylene 
Acetylone 
Hydrogen sulphide 
Methane 
Ethaije. 


Ignition Range 
Jn oxygen in air 

, 580 o -59()°(J. r>80 n - f>90°C. 

037°-G58° G44°-G58° 

803”-8l8° 850"-8G2" 

500°- 519° 542^-547° 

4 lb' -440° 406°-440“ 

220°-235° 34G°-379° 

55G°-700" G50°~750° 

520°-G30° 520°-G30° 


Those figuros record for a given gas the lowest 
temperaturo at which any mixturo of it with air 
or oxygen would inflame. But they afford no 
information as t'o the effect of varying the 

n iortions of the gas and air. 

3) Tim temperature produced by the 
adiabatic compression of a gaseous explosive 
mixture withiji a closed cylinder may be accur- 
ately calculated from the fundamental gas laws, 
and this method has been successfully employed 
by H. *B. Dixon and his co-workers for tioter- 
mining the ‘ ignition temperatures ’ of various 
mixtures of hydrogen and oxygen, as follows : — 


Mixture 


2H*+0 ? . 
2H a i20 li . 
2H*80. . 

2HJ+1GOJ 


Ignition Temperature as 
determined by Adiabatic 
Compression * 
. 526°C. 

.• • . 511° 

. # . 478° 

. 472° • 


Electrolytic Gas, 2II g |-O a =*526° 


+srH a 

+*N, 


,r— 1 . 544° 

*=1 . 537° 

*= l . 51 1° 

*=2 . 501° 

.r=2 . 549° 

*= 7 . 478° 

*=4 . G02° 

*~ 4 . 571° 

*=15 . 472° 

r=8 . G7G° 

*—8 . G15° 


(52G | IS*) 0 

(520+ Hr)" 

• 


Tho observed raising effects of successive 
dilutions with hydrogen and nitrogen call for 
no comment, save that tho relative greater effect 
of hydrogen, as compared witli nitrogen, may 
be attributed to its greater thermal conductivity; 
but the lowering effect of oxygon iB indeed 
puzzling, and its moaning can only be conjec- 
tured. Dixon and Crofts have suggested that 
it may be due cither to the formation of some 
active polymendc of oxygen under the expen- 
mental conditions (which seems doubtful), or 
that the concentration of oxygon in some way 
or other brings about increased ionisation of the 
combustible gas This at once raises the larger 
question of whother or not ignition is a purely 
thormal problem, as until recently has generally 
boen supposed. 

Ignition by adiabatic compression is utilised 
in tho Diesel oil engine, and in gas engine 
practice pre-ignition of the charge may tako 
place during trie compression stroke if too high 
a compression is employed. Knnwlcdgo of the 
degree of compression required to cause the 
ignition of a particular gaseous mixture iB, 
therefore, of considerable industrial value. 

Ignition by a Source of Heat of Short Duration. 
— This is a very common way of igniting ex* 
plosivo mixtures in everyday practice, although 
up to the present experimental data regarding 
it # are very meagre. It will be realised that if 
the inflammation of a large volume of go» is 
attempted by rapidly hoatmg a small portion 
of it, the size and duration of the source of heat 
employed, as well as its temperature, will be 
of importance, because the effectiveness of any 
means of ignition depends upon whether or not* 
tho volume of mixture first inflamed communi- 
cates by its combustion sufficient heat to the 
adjacent layer of mixture to inflame it in its turn. 
In general, tho shorter the duration of the 
sofreo of heat employed to ignite a given gas 
mixture, tho higher must be its temperature. 
Unfortunately, until now this aspect of the 
question* has been but little explored, but the 
point may be illustrated bjf sgme recent deter- 
minations %>f* the ‘relative ignitibiliim ’ of 
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mixtures fit various gases with air expressed in 
the terms of the lowest temperatures at which 
a hot body of minute area must be raised in 
order to cause immediate ignition of the par- 
ticular mixture to which it was momentarily 
applied. Such temperatures have obviously 
only an empirical interest. 


(Mixtures with air) 
Hydrogen 
Carbon monoxide 
Ethylene 
Coal gas 


Minimum temperature of 
Hot body required for 
immediate ignition by 
momentary contact 

. 747%'. 

. 931° 

. 1000 ° 

878° 


Petrol (Fraction 0-80°C.) 995° 


fcjienzono . . 1002° 

Ether .... 1033° 


Ignition by Electric Sparks . — It is still a 
matter of controversy whether ignition liy 
moans of an electric spark is a thermal pheno- 
menon, or whether there is simultaneous 
ionizatiog of the mixture by the spark, the 
ionization playing a necessary and important 
part in promoting tho combustion of the gases. 
So far as the secondary discharge is concerned, 
ionization of the mixture between tho electrodes 
undoubtedly precedes the passage of the dis- 
charge ; and it is possible that this preliminary 
ionization may render tho molecules more reac- 
tive than usual towards oaoh other. It is known 
that tho exposure of some gaseous mixtures to j 
a source of intenso ionization causes their com- 
bination at quite low temperatures. The point 
of controversy would, therefore, appear to bo 
whether in the ignition of gaseous mixtures by 
an electric spark ionic rather than thermal 
phenomena predominate ; whether, in fact, an 
* electric spark is more effective as an ionizer than 
is a flame or a heated solid. 

Insufficient experimental work has been done 
to enable a decision to be reached on this matter. 
The character of the phenomena of spark igni- 
tion seems to differ from that of tho phenomena 
of ignition by the prolonged contact of a heated 
surface. Thus, the type of curve that can bo 
constructed connecting ‘ igniting-current. ’ or 
4 spark-energy ’ with percentage composition of 
mixtures of any given inflammable gas with air 
differs from the type of eurvo connecting 
ignition temperatures, as determined by the 
first method described, with percentage com- 
position (see Fig. 1). It may be, however, that 
this difference is due to a large extent, if not 
entiroly, to the short duration and small size 
of the electric spark ; also that the rapidity 
wifti w^iieh flame can travel in a mixture away 
from the source of heat becomes of importance 
equally with the susceptibility of the mixture 
to ignition when the source of ignition is very 
•small and lasts but a short timo. Tt may be 
noted that the spark ignition curve in Fig. 1 is 
nearly tho inverse of the speod -percentage curve 
for flame in methane-air mixtures described in 
the ensuing section of this article (see Fig. 2). 

Limits of Inflammability . — If the whole 
volume of a gaseous mixture be raised to*ts 
ignition-temperatufe, as it is, for example, in 
the cylinder of a Diesel engine, it necessarily 
follows that the whole of it is inflamed. *)n 
the other hand, §ie introduction in a gaseous 
'* mixture of a small souro^ of heat at a tempera- 


ture considerably higher than the ignition- 
temperature of tho mixture need not’ cause 
complete propagation of flame. 

It is well lcnown that when a flame is intro- 
duced into a mixture of an inflammable gas 
and air containing but little inflammable gas, 
a ‘ cap ’ or aureolo is formed around -the flame ; 
and that this cap is larger the greater \he pro- 
portion of inflammable gas present. „ The coal- 
miner regularly uses this formation of a cap as 
an indication of tho presence ‘of firedamp in 
the workings of the mine. It has been observed 
also that in a current of gas and air, poor in 
combustible gas, passing a lamp flame or similar 
source of heat, the cap or aureole may becomo 
separated from the burning body* by which it is 
originated and bo carried along for a limited 
distance, giving a 4 cloud ’ of flame. But 
unless this cloud were fed by some mixture 
richer in combustible gas than that in which 
it originated it would gradually die away. In 
a uniform mixture of gas and -air the flamo 
could only be carried on automatically ‘through- 
out the extent of the mixture if the inflammable 
gas were present in quantity above what is 
termed the 4 lower limit ’ of inflammability. 

When a source of heat is introduced into a 
stagnant mixture of combustible gas and air, 
two things are necessary to ensure propagation 
of flame throughout that mixture, namely, («) an 
adequate means of ignition, and (b) a sufficient 
proportion of inflammable gas. 

Supposing that too small it proportion of 
combustible gas is present, only a small quantity 
of heat per unit volume of mixture ip generated 
when tho layer surrounding tho initial source of 
heat is inflamed, and the products of com- 
bustion have to impart heat to a considerable 
volume of inert gases. The number of collisions 
between molecules of combustible gas and of 
oxygen that are chemically effective is therefore 
small. Such collisions, resulting in combination, 
will occur only in the neighbourhood of the 
initial Bource of heat around which an aureole 
will form of a size dependent on tho nature and 
quantity of the combustible gas present. 

As the proportion of combustible gas is 
increased a proportionately greater quantity of 
heat is evolved per unit volume, of mixture, 
and a smaller quantity of inert gases is present 
to absorb it. At length a point is reached when 
tho amount of heat contained in the products 
of combustion of any given layer is just suffi- 
cient to raise tho adjacent layer to its ignition 
temperature. Flame is them propagated pro- 
gressively throughout the mixture without any 
necessity for the continued presence of jthe source 
of heat which started the inflammation, and the 
mixture is said to 4 inflame ’ or ‘ explode,’ 
according to the rapidity of tho t propagation. 

To ensure propagation of flame throughout 
the fixture, therefore, it is necessary .for the 
initial source of heat to be of a volume, intensity, 
and duration sufficient to raise the layer of gases 
surrounding it to the ignition temperature of 
tho mixture, and for the heat contained in the 
•products of combustion of this first layer to be 
sufficient to raise the next layer to its ignition 
temporature, and - so on. An inflammable 
mixture can bo cfenned as a mixture^h which 
flajne can spread tfc any distance, independency 
of, and away from, the original source of ignition 
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In the case of mixtures of any pqpticular 
combustible gas with air (or oxygen) there are, 
under given physioal conditions, certain limits 
of composition within (but not outside of), 
which self-propagation of flamo will take place 
after ignition has once been effected. Those 
limits, defined in terms of the percentage of the 
combustible gas .presont, are usually referred 
to as the 4 lower . and 4 higher ’ limits of in- 
flammability qf- the gas under the given con- 
ditions. For any particular gas they differ 
slightly with the • position of the source of 
ignition, since the progress of the flame may bo 
assisted or retarded by convection-currents 
dependent upon whether it has to pass in an 
upward or downward direction. For example, 
with mixtures of methane and air and of acetone 
vapour and air the limits, expressed as per- 
centages by volume • of the mixtures, are as 
follows for upward, downward, and horizontal 
propagation of flamo : — 

Lower limit. 

• • Upward Downward llori/.imtal 

Methane . . 5 40 04)0 0*40 

Acetone vapour . 2*15 2*35 2-20 

• Uighei Limit 

Upward Downward Horizontal 
Methane . . 14-80 13*40 14 30 

Acetone vagour . 0*70 . 8*50 0*50 

The limits of* inflammability of a number of 
gases and vapours, mixed with air at atmo- 
spheric tomperafture and pressure, are given in 
the table that follows. For all but hydrogen and 
carbon monpxide the criterion of inflammability 
adopted for the determinations was propagation 
V flame throughout a 2| -litre sphere, ignition 
being at tho centre. The figures for hydrogen 
and carbon monoxide refer to upward propaga- 
tion of flame. 


Gas 

Lower limit 

p.C. 

Upper limit 

p.c. 

Hydrogen 

. 4*1 

71*5 

Carbon monoxide . 

. 12*5 

73*0 

Methane 

. 5-6 

14*8 

Ethane 

. 3*1 

10*7 

Propane 

. 2*2 

7*4 

Butane 

. 1*7 

5*7 

Pentane •. 

. 1*4 

4*5 

Ethylene 

. 3-0 

22 0 

Acetylene . 

. 3*3 

52*3 

Vapour 

Lower limit 
* p.c. 

Upper limit 
p.c. 

Benzene . , 

. 1*5 

5*0 

Toluene 

. 1*4 

5*4 

Ethyl alcohol 
Methyl aicottol 

. 4*4 

— 

. 6*5 

24-0 

Ethyl ether 

. 2*0 

5*0 

Acetone v 

. 2*25 

9*0 

Carbon disulphide 

. 4*2 

— 

Petroleum benzine 

. 1*1 

3*8 

Gasoline 

. 1*5 

.*3 


The Effect of Temperature.— From what has 
been said* in the preceding paragraph, it is 
evident that the self -propagation of flame thrcftigh 
a mixture is, in principle, dependent on the 
temperature that the portion of the mixture 
which is burning can impy-t to the portion 
which isWfcflut to bum, from which it follows 
thAt the higher the initial temperature of the 


mixture the less dependent is the jttppsgffcbm 
of flame upon the heat generated by combustion. 
Hence the effect of increasing the initial tem- 
perature of mixtures of an inflammable gas and 
air should bo to widen the range of inflamma- 
bility, lowering the lower, and raising the higher 
limit. 

Thus it has been found experimentally that 
a progressive increase in the initial temperature 
of mixtures of methane and air from 2(r to 700° 
causod a corresponding decrease in the amount 
of methano required to enable self -propagation 
of flame to take placo from 6*00 to 3*26 p.c. 
(downward propagation). Similarly, tlm higher 
limit was raised gradually from 13-40 p.cT at 
20° to 16-40 at 600°. ** 

The Effect of Pressure . — As exemplify^ the 
influence of tho iiutial pressure of gaseous 
mixtures upon their limits of inflammability, 
tho case of mixtures of methane and air may 
bo cited. A reduction of the initial pressure, at 
20°(l, from 700 to 380 mm. has but little effect 
on tho limits ; but below a pressure of 300 mm. 
mercury tho effect is marked, the limit# narrow- 
ing rapidly until, at a pressure of 120 mm. no 
mixture of methano and air is capable of self- 
propagation of flame (downwards). On the 
other hand, an increase of pressure above 760 
mm. slightly raises both tho lower and the 
higher limit, the figures at 6 atmospheres being 
6-40 and 14*05 p.c. of methane respectively, for 
downward propagation of flame. 

The lower limit with mixtures of hydrogen 
and air, and of carbon monoxide and air, is also 
raised by increasing the initial pressure above 
760 mm., but with those two gases the higher 
limit is lowered. 

Mixtures of Inflammable Gases . — In tho case 
of a mixture of inflammable gases such as coal 
gas, a general formula is available by means of 
which its limits of inflammability with air may 
be calculated if its composition, and the corre- 
sponding limits of the individual gases are 
known. If a,b,c, ... are the relative pro- 
portions of its components, and A, B, (J, . . . 
their respective limits of inflammability, then 
L, the limit for tho mixed gases, is given by the 
equation : — 

L= ? , +i+e+ ~ • ~ . . (i .) 

A+B + (r * • * 


This relationship holds both at the lower and 
the higher limit. It implies that if a limit- 
mixture with air of one inflammable gas is mixed 
in any proportion with a limit-mixture with air 
of ‘another inflammable gas, a limit-mixture 
results. ' • 

It has been necessary to emphasize tho fact 
that this formula refers to mixtures of com- 
bustible gases with air, for the reason that the 
presence of any considerable quantity of an 
uninflammable constituent, suck as nitrogen, 
in the commercial gas would narrow the range 
of inflammability, just as the range for a pure 
gas is narrowed if the oxygen-oontent of the air 
is reduced. 

• The effect of Incombustible Oases. — The effect 
of a reduced oxygen-oontent of the 4 air,’ or of 
the presence of inert constituents in the 4 com- 
bustible gas,* is more marked* at the higher 
than at the iwv limit. This is well illustrated 
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by defoliations o! the limits for mixtures of 
methane with ‘ atmospheres ’ containing different 
proportions of oxygen. These determinations 
afford an index of the general effect of ‘ inert ’ 
gases on the limits of inflammable gases in 
general when the actual data are not available ; 
the effect of carbon dioxide is rathor moro 
pronounced than that of mtrogen. 


Atmosphere Methane— p.c. 


Oxygen 

1 .Nitrogen 

Lower limit 

Higher limit 

20’{)0 

70 10 (air) 

5-00 

14*82 

10-22 

80’78 

— 

12*93 

18*30 

81*70 

— 

11*01 

17-(KV 

85-00 

5-80 

10*56 

-16*82 

84*18 

5*83 

8*90 


85*14 

0 15 

8*30 

13*9» 

80*10 

0 35 

7*20 

13-45 

80-55 

0 50 

0*70 

13-25 

80*75 

No mix tun 

! capable of 


propagating flame. 

Speed of Propagation of Flame , — During the 
propagation of flame in any ‘ limit ’ mixture, a 
ualance *ih struck between heat generated by 
combustion and heat employed in starting com- 
bustion, together with heat loBt by conduction 
and radiation. Theoretically, therefore, rno- 
vided that the amount of energy imparted to 
the system by the initial source of ignition is 
small, so that no appreciable impetus to the 
propagation of flame occurs near the source of 
ignition, flame should travel in a limit-mixture 
at a uniform speed This is found to be so in 
practice ; the speed of the flame is slower in a 
limit mixturo for downward than m ono for 
upward propagation ; but under either condition 
it is quite uniform throughout tho extent of the 
mixture. 

It is otherwise when the proportion of in- 
flammable gas lies at some intermediate pomt 
between the limits ; that is to say, when the 
mixture is such that one layer on burning is 
capable of imparting to the umnflamed layer 
adjacent to it a temperature higher than the 
ignition-temperature ot the mixture. Tho 
phenomena of propagation of flame in such 
mixtures are dependent, in a marked degree 
upon the conditions under which ignition is 
effected, so that it is necessary when speakmg 
of the propagation of flame through them to 
specify exactly those conditions. 

When ignition of a mixture of combustible 
gas and air has been effected at the open end 
of a long tube winch is closed at the other end, 
the flame can be propagated m two principal 
ways, namely, (a) by transmission (by radiation, 
conduction, and convection) of the heat de- 
veloped by the burning of one layer of gas to 
the layer adjacent to it ; and (b) by the trans- 
mission of a sufficiently high pressure. 

According to the first mode of propagation, 
the flame travels along the tube at a uniform 
speed for a certain distance, and then develops 
vibrations, swinging backward and forward 
with oscillations of increasing amplitude. The 
mean speed of tho flame during this vibratory 
movement, which comprises a series of compres- 
sion and rarefaotion waves, is usually greater, 
than the speed of the uniform movement. 
According to the nature of the mixture, either 
the vibrations maw continuo to the end of *the 
tube, or tho flame may become extinguished 
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during a particularly violent vibration (e,g, 
during Rarefaction). Or again, a sudden per- 
manently greater enhanced speed of flamft may 
be developed as the result of the second mode of 
propagation coming into play (during a com- 
pression). 

During this second mode of propagation 
eaoh layer of gas is compressed so suddenly 
that it is raised beyond its ignition temperature 
by the heat of compression, and in .burning it 
compresses in turn tho unburnt * layer in front 
of it. As already stated, the. speed of the flame 
during this mode of propagation is permanently 
enhanced; it is, in fact, the maximum speed 
attainable by the flame and is a physical constant 
for each mixture of gases. Tho phenomenon is 
termed the ‘ detonation wave .’ 

When ignition takes place at the closed end 
ot a t-ube open at the other end, the flame 
travels at a rapidly increasing speed towards 
the open end. If the tube is long enough, the 
flame may eventually assume a vibratory 
character and the detunation-wavo may be 
developed. ' ' 

What lias been said in this short summary 
refers only to mixtures of a combustible gas 
with an- ; mixtures with pure oxygen behave 
somewhat differently. With regard to the latter, 
it may be stated that, in general, (a) the prelimi- 
nary period of uniform movement is shorter, ( b ) a 
rapid acceleration foHows, and (c) this is imme- 
diately succeeded by the tletonation-wavo 
without any vibratory movement taking place. 

Of tho different phases in the propagation 
of flame in mixtures of gase,^ tho two regarding 
which moat information is available are tho 
‘ uniform movement ’ and the 4 detonation wave.' 
Some further account of these will now be given. 

The Uniform Movement. — Tho initial slow 
propagation of flame that takes place when an 
inflammable mixture at rest is ignited at a point, 
is usually regarded as controlled by the trans- 
ference, by conduction, of the heat developed 
by the combustion of the mixture immediately 
surrounding the point of ignition, whereby 
successive contiguous portions of the mixture 
are raised m temperature until chemical action 
becomes rapid. The initial speed of propagation 
of flame m a given mixture away from tne point 
of ignition should mainly depend,, according to 
this viow (a) on the conductivity for heat of the 
unbumt mixture, and ( b ) on the velocity with 
which a moderately heated layer begins to # react 
chomically and so to rise gradually in tempera- 
ture ; or, in other words, on the rate of change 
of reaction velocity with temperature. 

Under certain conditions, with all inflam- 
mable mixtures of gases and air ft atmospheric 
temperature and pressure, the initiaf slow pro- 
pagation of flame can be maintained at a 
uniform speed over a considerable distanoe of 
travel from the point of ignition. ' The conditions 
most, favourable, or perhaps even necessary, to 
initiate and maintain this 4 uniform movement * 
of flame are (a) that the inflammable mixture 
should be contained in a long straight Jiube open 
at one end and closed at tho other ; and (6) that 
ignition should be at the open end by a source 
of heat not greatly exceeding in temperature the 
ignition temperature of the mixture, and not 
productive of AeShanical disturbanip of the 
nyxture. The, speed of the uniform movement 
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then depends on the composition of the mixture 
(presumed to be at atmospheric temperature 
and pressure), and on the diameter of the tube 
in which it is contained. 

With a tube of a given diameter the speed 



of the uniform movement of flame in a mixture 
can bo regarded as a definite physical constant 
for that mixture, and its .measurement is of 
considerable value m enabling a judgment to bo 
formed of the buhauour of the mixture undo 
normal conditions of burning. 


In Fig. 2 are shown speed-p , p 
for the uniform movement of flame inlmistai'W 
of some of the oommon combustible g**®* "With 
air over the whole range of inflammability for 
each gas. All the measurements were made in 
a tube of 2 5 cm. internal diameter, so that they 
are strictly comparable one with another. 
Apart from the staking differences in the speeds 
obtainable in different gases displayed by this 
diagram, a noticeablo feature of the curves is 
1 the" fact that with each gas tho maximum speed 
| is obtained not, as might perhaps be expected, 
j with the theoretical mixture for complete com- 
i bastion, but over a range of mixtures containing 
j an excess of inflammable gas. ’ * 

The extent to which the speed of the unifoHQf 
j movement is affected by the size of thcJjUDO 
i along which the flame travels has been deter - 
! mined for mixtures of methane and air. The 
j results are recorded “in Fig. 3. For all practical 
| purposes it can be assumed that tho speed of 
I the uniform movement of flame in mixtures 
; with air of gases other than methano will bo 
, affected to a similar degree, so that the i^soluto 
1 speeds of tho flames m pipes .HO, (>0, and 90 cm. 
m diameter will be respectively about 2*5, 3, 
and 3-5 times as great as the speeds recorded 
in the 2*5 cm. tube (Fig. 2). 

It should be noted that the uniform speeds 
of the names in tubes of large diameter (greater 
than 10 cm. for methanc-air mixtures) are not, 
strictly speaking, those of the * uniform move - 
ment ’ as previously defined, since they aro not 
controlled sololy by conduction of heat. A 
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seoond factor, namely, convection, comes into 
play when the tubes are largo, and is responsible 
for the enhancod speed of flame. • 

Mixtures of Inflammable Oases . — It has been 
found that a similar expression to that used for 
calculating the limits of inflammability of mixed 
combustiblftgftflcs can be empl§v#d to determine, 
Vwith fair accuracy, the maximum speed 


uniform movement of flame for any complex 
gas mixed with air, from a knowledge of its 
composition and the maximum speeds of each 
ijf tlft components. The expression is : — 

C1 a+6+C+ f (U w 

a b c m ' 





Methane in air. per cent 

Fig. 3. 


gas and dir in which the speed of the uniform 
movement of flame will bo greatest ; and 
formula (ii.) for determining the speed of flame 
in the limit-mixtures, and (though with rather 
less accuracy) in tho mixture containing tho 
gases in theoretical proportions for complete 
combustion. 

The value of those formulas will be appre- 
ciated if reference be made to Fig. 2, wherein 
are recorded, for comparison with the simple 
gas-air mixtures, tho speeds of the uniform 
movement of flame in mixtures of the composite 
gases CHi-fH 2 and 3CH 4 -(-H 2 with air as 
determined by actual measurement in a tube 
2*5 cm. in diameter. It will be seen that the 
gas with the lower speed of flame and the 
smaller range of inflammability (methane) has 
the predominating influence in deciding the 
magnitude of these constants for the mixed 
gas 

The Effect of Incombustible G'cwcs.— In 
addition to restricting the limits of inflamma- 
bility, the pres§nce of an incombustible gat 
mixed with the combustible gas has tho effect 
of reducing the Bpeed of flame in tnv of the 
mixtures with* (dr. This effect is illustfated 
in Fig. 4, which shows the epsnd-percyntage 


! curves for tho uniform movement of flame in 
mixturos of methane with nitrogen-oxygen 
j mixtures containing less oxygen than air, the 
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ie speed of travel of f!#me is inMsible compression waves in Both djreetfons 
fonit-mixtures that comprise , along the tube, which travel in advance of the 
idttt gases. The experiments flame with the velocity of sound through the 
curves are constructed woro unbumt gases, as represented by tho dotted 
lines om, on in the diagram. The flame 
itself, travelling at first more slowly than the 
compression waves, traces the curves oa and 
ob. The compression wave on, on reaching 
the closed end of the tube, is reflected back again 
as nc, and, on meeting the flame (which is still 
travelling in the direction oa), retards it, and 
passes thenco through the hot and probably still 
burning gases aR the visible wave on. An 
instant later it overtakes at d the front V)f the 
flame, travelling in the direction ob, thereby 


from 

made in atuba M cm. in diamoter, so that the 
speeds are not directly comparable with those 
i in Fig, 2. 

|he* Development of ‘Detonation’ in 
A.SEOIJS J/XPLOSIONS. THE EXPLOSIVE 
0ave and ‘ Reton ation ’ — Ratio of EX- 
PLOSION * 

pi was in the year 1881 that Berthelot and 
Vieille, and independently also Mallard and Le 
Chatelier, announced the discovery of tho rapid 

:„/i 


acceleration of t^hc^ initial velooity of inflamma- [ accelerating it and increasing its luminosity in 
tion m tho progress of gaseous ex- * 

plosions ana the final attainment of 
the enormously higher 'constant velo- 
city of the ‘ explosion wave.’ Since 
that date, the phenomena associated 
with the development of ‘ detona- 
tion ’ aijd $ho propagation of the ex- 
plosion wave hat. been extensively 
studied in this country by H. 

Dixon and his co-workera. 

Mallard and*Le Chatelier devised 
a photographic method for investi- 
gating the initial phases of gaseous 
explosion, apd tho development of 
detonation, Which .consisted m record- 
ing on a sentitised plate, moving fit a 
known velocity on a vertical plane, 
the movement 6f the flarno as it 
travelled along a horizontal glass 
tube. A graph compounded of the 
|wo velocities was thus obtained. 

T l. R. Dixon’s experimental mothod 
consisted in photographing the explo- 
sion flame travelling along a hori- 
zontal tube on a highly sensitive film 
rotated vertically with a constant 
high velocity (varying, however, be- 
tween twenty-five and fifty metres 
per second in different experiments), 
the explosion tubo being placed at 
such a distance from tho camera that 
the Bize of the imago was about one- 
thirtieth that of the flame. In this 
way it was found possible to analyse 
the progress of an explosion from its 
point of origin up to the final attain- 
ment of its maximum force and velo- 
city in ‘ detonation.' T)ie investigation also 
inoluded the discovery of the wave of ‘ rdom- 
tion,' whioh is thrown back through the still 
burning gases from the point where detonation 
starts (a phenomenon also discovered by Lo 
Chatelier independently in 1900), of the effects 
of collision between two explosion wavos, and of 
tho passage of reflected waves through the hot 
products of explo8ion. 

The phenomena associated with tho develop- 
ment of ah explosion in a gaseous mixture, fired 
in a dosed tube by a s^ark passed between wires 
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Fig. 6. 


a few inches from the dosed/ end, are very clearly 
lhown in the photograph reproduced in Fig. *5 
Which is analysed in Fig. 6. This photograph 
““*8 taken during an experiment in which carbon 
‘ a quantity of 


nexper 
was exploded 

reptfWlfited by the expression CS 2 +50,. 
cU$i in starting at the pdlnfro, sends out*] 
II . — Tt 


consequence of the quickened combustion. The 
flame then continues to move forward with 
rapidly accelerated velocity until ‘ detonation * 
is sef up at the point e. At this point a strongly 
luminous wavo of compression eo (the *‘re- 
tonation wave ’) is sent backwards through the 
still burning gases, which, on reaching the near 
end of the tube, is reflected back again a a oh. 
Tho detonation ‘ wave ’ ef passes onward 
through the mixture with its characteristic 
uniform high velocity and intense lujphnnnity 
Fig. 7 is a similar photograph showing the 
development of ‘ detonation,’ and the pheno- 
menon of ‘ retonation ’ in the case of mixture 
oi cyanogen and oxygen (C 2 N|f|-0 2 ) fired near 
the closed end of a tube. 

Except Sn special circumstances (e.g. when 
it is Reinforced by another relieved wave) the 
velooity of retonation wave is always 

2 B 
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inferiopto that of detonation ; thus lie OhatdHer 
gives 2090 metres per second for the ‘ detonation 
wave * and 2330 metres per second for the 
‘ retonation wavo ’ in an equiraolecular mixture 
of acetylene and oxygen. When, however, the 
‘ retonation wave ’ is developed just at the closed 
end of a tube (e.g~ when the explosive mixture 
is fired at such a distance from the closed end 
that ' detonation ’ is set up just as the flame 
arrives at the end) it may be reinforced by a 
reflected wave, in which case its velocity cannot 
be distinguished from that of a true ‘ detonation.’ 

The explanation of the intense luminosity of 
tjie retonation wavo, and its higher velocity 
than sound through the explodod gases, is to lie 
k found m the fact that the combustion during 
’theSnitial stages of an explosion is very much 
______ slower than when 

I detonation has been 
set up. Under the 
extremo conditions 
of 1 detonation ’ the 
temperature of eaoh 
successive layer of 
the explosive mix- 
ture is suddenly 
raised to the ignition 
point by adiftbetic 
compression, and it 
is probable that a 
large proportion of 
collisions between 
chemically opposite 
molecules are fruit- 
ful of change. The 
whole combustion is 
probably completed 
in an immeasurably 
short interval of 
time, os the result 
of a comparatively 
limited number of 
successive molecu- 
lar collisions. But. 
during the initial 
period of the ex- 
plosion (‘ inflamma- 
tion ’) not only is the 
flame propagated 
with a much slower 
velocity, but also 
Fig. 7. the actual process of 

combustion is much 
more prolonged than in detonation, and at the 
momont when detonation is set up combustion is 
still proceeding in the layers of gas for some dis- 
tance behind the flame-front. The ‘ retonation 5 
waVe, in passing backward through these layers, 
quickens this residual combustion, and is itself 
thereby rendered highly luminous. This inter- 
pretation is supported by the repeated obser- 
vations of Dixon, that the collision of two flames, 
m neither of which ‘ detonation ’ has been 
determined, will frequently give rise to reflected 
waves more rapid and more luminous than the 
incident waves. There can be little doubt as 
to the important part played by reflected- waves 
in determining, the violent shattering effects 
associated with gaseous explosions on a largo 
scale. * 

The ExplgriBn Wave.— Berthelot and Vieille^ 
in announcing their discover #f the develop- 


ment* of detonation ‘{Ponde exploeiye 1 ) in 
gaseous explosions, described it as f unr certain* 
surface rigulaire, oil se divdoppe la transforma- 
tion, et qui realise un mime Hat de cotnbinaieon, 
de temperature, de pressure, etc. Cette surface, 
me fois produite, se propage ensuite, de couche en 
couche , dans la masse tout entikre , par suite de la 
transmission des chocs successifs dei moUcules 
gazemes ameni.es a un Hat vibratoire plus intenie 
en raison de la chaleur digagie ddns leur cm * 
binaison, et transformies suit place, ou, rim 
exactement, avec un faibte deplacemcnt relati. 

. . .’ Such conditions are comparable with 
those of a sound wave passing through the 
gaseous mix tun;, with, howover, the important 
difference that, whereas a sound wave is propa- 
gated from layer to layer with a small compres- 
sion and a velocity determined solely by the 
physical condition of the vibrating medium, it 
is an abrupt change in chemical condition which 
is propagated in the explosion wave, and which 
generates an enormous force aa it passes through 
each successive layer of the medium. « 

In their experimental work Berthelot and 
Vieille proved that the velocity of the explosion 
wave is independent of the length of tho column 
of gas traversed, and of the material or diameter 
of tho tube employed (at least aboVe a certain 
small limiting diameter). Tt is also immaterial 
whether the tube,, is laid out straight, coiled 
round a drum, or even ziga&gged. They also 
concluded that the velocity is independent of 
tho initial pressure, but tfiis is not strictly 
correct, as H. B. Dixon has since shown. The 
rate increases slightly with the initial pressure, 
attaining a nearly constant value at a pressure 
of about two atmospheres. 

It must be understood that when detonation 
is once determined in a particular explosive 
mixture, the wave is propagated with constant 
velocity (i.e. for a given initial temporature and 
pressure), which velocity is indeed an important 
phyBioal constant for the particular mixture. 
The following ‘ rates of explosion,’ as determined 
by Dixon, may bo considered as typical of the 
extremely high velocities attained : — 

Rates of Explosion for Mixtures fired at 
10° and 760 mm. 

Mixture ‘Metres per seoond 

2H a +O a .... 2820 

H,+01 a .... 1729 

200 +O a (moist, sat’d at 28) . 1703 
NH 3 +30 a . . . .2390 

CH 4 +20 s . . •. .2322 

In detonation, each successive layer of the 
explosive mixture is fired by Compression, and 
the chemical change in the wave occurs under 
strictly adiabatic conditions. t This means that 
the chemical action is more intense and of much 
shorter duration than during the initial phases 
of an explosion (* inflammation ’) ; . moreover, 
the pressures developed in the wave and the 
consequent shattering effects are muoh greater 
than in ordinary explosions. Thus/for example, 
in a mixture 2H t -f-O a , fired at the ordinal^ 
atmospheric temperature and pressure, #8®: 
initial velocity of the flame (i.e. during the 
period of ‘ inflammation ’) is onl y 20 metWSj^ 
second, and chemical action enairefl k* iiMli 
successive foyer of the mixture for as fM|pRt 
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OR«-twentieth of a second. As soon, howler, 
AS detonation is set up, the flame travels forward 
with' a constant velocity of 2820 metres per 
second, and the duration of chemical action in 
eaoh successive layer certainly does not exceed 
infos and possibly not much less than of a 
second. Needless to say * detonation ’ is not 
set up in a gas-engine cylinder; the terrific 
foroe developed in detonation would play havoc 
with the mechanise! 

Dixon’s photographic researches, already 
alluded to, have demonstrated beyond doubt 
the important rdlc of ‘ compression waves ’ m 
determining detonation in explosive mixtures, 
and it is probable that the disastrous effect of 
colliery explosion^ are primarily due to the 
intensifying effects of reflected compression 
waves upon the burning mixture of gas and (or) 
coal dust and air. 

in 1899 D. L. Chapman published a mathe- 
matical analysis of the explosion wave. Dis- 
carding Bcrtnelot’s sound-wave theory, which 
indeed hatj lgd to 'values for rates of explosion 
which were difficult to reconcile with faotN, he 
regards the explosion wave as a wave of com- 
pression not in a homogeneous medium, but in 
a medium which it discontinuous in tins vicinity 
of the wave* front. It is assumed (1) that the 
* front ’ of the wave (i.e. from the unexploded 
gas to the poinj. of maximum pressure) does not 
alter in character, »£, in other words, that every 
portion of the wave travels w'ith the same 
velocity ; (2) that the velocity is the minimum 
consistent with (1) T and (3) that at the point, 
of maximum pressure the chemical change 
concerned in the propagation of the wave is 
complete. The unbumt gasia immediately in 

Temperature . . 4300° 4000° 

Ov steam . . 14 750 14 297 1 

Diatomic gases . 7 707 7*074 


otmm ISP 

1 “ . ‘v , • «4» ,* 

front of ‘the^ve are, of ooune, fifed fy ean$- 
pression, and * the abrupt variation m the 
density and pressure of the medium it due to 
the chemical change. Chapman’s formula for 
the velocity of the explosion wave in centimetres 
per second is — 

P = [[ (' m ~ n )^P + j(V 0 + {Op + Cp)A J 

when R=the gas constant (1-985), Ja=the 
dynamical equivalent of heat (42+10° ergs.), 
M=tho gram equivalents of the mixture ex- 
ploded, n and m = the number of gaseou^ 
molecules before and after the chemical change 
in tho wave, Vp and (!?>=tho mean specific heats 
of the products at constant pressure and voliWfie ' 
respectively, A —the total heat generated in the 
wave, and t 0 =t,he initial temperature (abs.) of 
the mixture exploded. 

From the fact that the dilution of electrolytic 
gas (2H 2 +0 2 ) with oxygen lowers its rate of 
explosion a little more than a corresponding 
dilution with nitrogen, Chapman considdirs it 
improbablo that there is any appreciable dis- 
sociation of steam in the wave. He assumes 
that the molecular heat of steam rises more 
rapidly with tomperature than that of a diatomic 
gas, and that the molecular heats of oxygen, 
hydrogen, nitrogen, and carbon monoxide may 
for all practical purposes be considered as equal 
at any given temperature. Selecting some 
seventeen of Dixon’s found rates of explosion, 
ho has calculated by means of his formula the 
corresponding molecular heats and temperatures, 
arriving at the following results for O at inter- 
mediate temperatures by interpolation : — 

1700° 3400° 3100° 2800° 2600° 

3-750 13 102 12-250 11-040 9-797 

7+41 7-fi08 7-575 7-542 7 509 


With the aid of this series of numbers he pro- 
ceeded to apply his formula to tho calculations 
of the rates of explosions of some forty other 
mixtures investigated by Dixon, finding in all 
cases close agreement between the found and 
calculated values, of which the following may 
suffice as examples : — 


2H a +2N a O 
4H a +2N a O 
0H a +2N a O 
' 2B a +2N a O+ 2N a | 
C a H 4 +20, 

‘ * CfH 4 +30 a 
Q a H a +<V 
OH 4 +0 8 
•J 90H 4 +30, , 
; : ;fi%+80 a +N a 


Product* In the wave 


«H a O+2N. 
|2H a O+2N a +2H a j 
2H a O+2N a + 4H a 
*H a O+4N 2 
2CO+2H a O 
2CO + 2H a O + O a 
2CO + H a 
CO+H a O+H a 
2CO + 4H a O 
2CO + 4H a O+N a ! 


3813' 

8077 

2612 

3077 

4365 

3882 

5029 

2772 

3764 

3513 


lute of explo- 
inu Metre* 
per sec. 


2305 

2545 

2705 

1991 

2581 

2368 

2961 

2528 

2470 

2349 


■i+Jt/j^iaracteristic feature of detonation is the 
u " ’* f flhor^faration of chenyc^l action and 
t nflfflS cooling of the products, as 
with ordinary oombiStiAn. Some 


years ago, W. A. Bone and B. Lean found by a 
photographic method that the duration of 
luminosity in each successive layer of gas in the 
detonation of electrolytic gas is certainly leas 
than irgW second, a much shorter interval of 
time than was required to shatter a tube of thin 
glass attached to tho end of tho explosion coil 
used. This tube, although invariably smashed 
by the force of the explosion, always appeared 
perfectly intact in the photograph. Dixon’s 
subsequent photographic researches have de- 
monstrated the abrupt suddenness with which 
the gases attain the maximum temperature in 
detonation, the intensity and short duration 
of luminosity, and the subsequent rapid cooling, 
as compared, with ordinary combustion. More- 
over, high as is the temperature attained, there 
is no evidence of any considerable dissociation 
of steam in the wave, for, despite the instan- 
taneous cooling of the products, there is less 
than 1 per cent, of the gases left uncombined 
after the wave has passed through electrolvtio 
gas (2H a +O a ). 

Influence of an Excess of an Inert Gas upon 
the Bate^if Explosion of a particular Mixture . — 
It Ifts wen found experimentally#that whereas 
an excess of nitrogen or oxygen retards the rate 
of explosion d! a particular mixture, an excess 
o£ hydrogen actually increases it. fi'hus in the 
<»se of el%ctrolytfc gas, we have — 
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Mixture exploded 

2H 2 +0 2 

2H 2 +0 2 +2H z 

2H 2 +0 2 +4H., 

2H»+O 2 +0H 2 

2H 2 +0 8 +0 2 

2H 2 +0 2 +30 2 

2H 2 +0 2 +N 2 

2H,+0.,+3N.> 


Rate metres plr sac. 
. 2817 
. 3208 
. 3027 
. 3532 
. 2328 
. 1927 
. 2420 
. 2055 


Tho accelerating influence of an exccsB of 
hydrogen was for long an enigma, but it. was 
perfectly explained when Chapman published 
his formula. It must, however, be understood 
<tha't an excess of oxygen always has a somewhat 
greater influence than a corresponding excess of 
nitrogen by virtue of its relatively higher density 
The Burning of Gaseous Carbon.-- Of the 
many important facts brought to light dunng 
tho course of Dixon’s investigations none aro 
of greater interest than those relating to tho 
burning of gaseous carbon in tho explosion wavo, 
as illustrated by the case of cyanogen. In view 
of t,J)o fact that the molecular heat, of combus- 
tion of cyanogen, when burnt completely to 
carbon dioxide, is 259-0 K.C.Us , whereas, if 
burnt to the monoxido, it would only bo 123 
K f! Us., it might ho expected that the rate of 
explosion for a mixture G,N 2 +20 2 would he 
much higher than for (1 ? fr 2 ~)-0 2 , if gaseouH 
carbon is primarily burnt to carbon dioxide in 
the wave The exact opposite is the case, 
however, as tho following results show • — 


Mixture Products Rato 

G.,N„ + 0 2 2CO+JNJ, 2728 \ , 

( b N" +20 . 200. | N, 2321 J Tt ‘ otw ’ P er 8ec ‘ 


Still more cogent is the evidence in favour of 
the initial formation of carbon mohoxide in 
tho wave, when the following figures are con- 
sidered : — 

C 2 N 2 + 0 2 C 8 N a -|-O a + N 2 0 2 N 2 + 0 2 + 0 2 

Rate 2728 2398 2321 

The conclusion to be drawn from the preceding 
figures is that cyanogen is initially burnt to 
carbon monoxide and nitrogeh i+the wave itself, 
any excess of oxygen afterwards burning up 
the carbon monoxide as the gases cool down in 
the rear of the wave. 

This conclusion was driven home by Dixon, 
in conjunction with Strange and Graham, by 
photographing on a sensitive film rotated at a 
speed of about 1500 metres per minute, the 
explosion flame in the ease of the threo mix- 
tures (a) C 2 Nn+0 2 , (h) 0 2 N 2 +0 2 +Nj, and 
(r) (LNj+ 20 2 In each case the flamo was 
photographed, after detonation had been set up, 
as it, dashed past a glass window inserted into the 
lead explosion coil 2 Tho image, obtained in 
tho case of (o) showed an intensely brilliant 
flame (the explosion wave), slightly drawn out 
m tapering form ; in the t case of (?>), with 
nitrogen as diluent, tho flame was less brilliant 
and somewhat- more drawn out than in (a) 
but with (r) the flame, whilst no more luminous 
than in (b), was drawn out to great length, 
owing to the continued cehibustion of carbon 
monoxide in the rear of the wave The follow- 
ing diagram, Fig. 8 (approximately to scale), 
will convey an idea of the relative 'lurationB of 
tho flames in the three oases 
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The Burning of Hydrocarbons in the Wove . — 
It was during the course of measurements of 
the rates of explosion of hydrocarbons with 
varying proportions of oxygen in 1891-92 that 
Dixon and his collaborators rediscovered facts 
(originally set forth by Dalton in his ‘ New 
System of Ohomical Philosophy ’) which finally 
disposed of the dogma that in a deficient supply 
of oxygon a ‘ selective ’ burning of hydrogen 
occurs. Bono, in conjunction with Lean and 
Cain, found that when either ethylene or acetylene 
is detonated with its own volume of oxygen tho 
ultimate products consist almost entirely of 
carbon monoxide and hydrogen. 1 Thy rates of* 
explosion o< hydrocarbon-oxygen mixtures, 
whilst they do not reveal the real mochanism 
of tho combustion, show verf clearly that, 

i VidelJtMi and Rone, Trans. Chem. Boo. 1892,/+ 
873, and Bone and Cain, ibid. WdTj 71, 26. , < 


as in the case of -cyanogen, tho carbon of a 
hydrocarbon is burnt to, the monoxide in 
the wave itself, tho formation of the dioxide 
being an after-effect and taking place in the rear 
of the wave. In the caseib ol methane and 
acetylene the fastest rates are observed with 
equimolccular mixtures, whereas with ethylene 
the rate increases with the proportion of oxygen 
up to the limit C 2 H 4 +20 2 . 

0. — The Pressures produced in Gaseous 
Explosions. 

Many investigators, from the time of Bunsen’s 
well-known experiments in 1807 onwards, have 
moasured the pressures produced in gaseous 
explosions, with doubtless considerable success 
| so far as wtfaFmay be termed' lid? mean effective 
! * TW Chejn. 8oc. 1896, 69, 769. 



EXPLOSION, GASEOUS. 


pressures are concerned. The explosion ■s^ssel 
employed by Bunsen was a stout glass tube 
8-16 cm. long, 1*7 citi. internal diameter, and of 
18 oc. capacity. It was closed by a' suitable 
valve, the load on which could be adjusted until 
it was just. lifted when the oxnlosive mixture 
was fired by paeans of a powerful spark passed 
along tho axis of the tube. Bunsen considered 
that the combustion 1 would occur under adia- 
batic and ‘ constant volume ’ conditions, and he 
identified tho rato\ of ignition of a particular 
mixture with that gf the completion of chemical 
ohange. In calculating from his results the 
corresponding flame temperatures, ho assumed 
the constancy of the specific heats of steam and 
carbon dioxide. .Finding that the pressures 
rocorded m the cases of electrolytic gas and of 
a mixture of carbon monoxide and oxygen m 
their combining proportions (namely, 9*5 and 
10 1 1 atmospheres respectively) were somewhat 
less than ono-half of those theoretically ro- 
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quirtid 6o the above assumption, ho oonpluded 
that in each case combustion had proceeded per 
saltum, owing to the supposed theoretical flame 
tompei*atures exceeding the limits at which steam 
and carbon dioxide respectively are completely 
dissociated. The problem was again attacked 
independently by Mallard and Le (Jhatclier in 
1883, 1 and by Berthelot and Vieillo in 1885. 2 
The last-named fired various gaseous mixtures 
at atmospheric pressure in a spherical iron 
bomb, measuring the effective pressures by tho 
movement of a light piston working against a 
spring in a tube attached to the bomb. Ill 
ordor to gain some information respecting the 
possible cooling influence of the walls upon the 
eflectivo pressures recorded, threo boml>s of 
different capacities, namely, A. of 300 cc.#B. 
of 1500 co., and C. of 4000 ce , were ^ employed. 
Tho lesults, expressed m each case* oh atmo- 
spheres m excess of the atmospheric pressure, 
were as follows : — 


Bomb 


Capacity in cm.J . ... 

Surface m cm. 2 ...... 

Surface per unit volume ... 

Diametu in qpr. , 

Length of firing p*icce in cm 

Travel of flame before reaching tho piston in cm. 


^/2H a +U 2 

m 

"it! 


~,2C0-|-0* 2 

°mJH 4 +20., 

?jc 2 N 2 +o; 

- 'o 2 N 2 +20, 


Time required for flame (o travel f tom the Jinny 
piece to piston of indicator. 

Mixture (Jc6+0 2 . . . 


A 

B 

c • 

300 

15(H) 

4000 

2J0 

048 

1200 

072 

0-43 

033 

00 

14-2 

217 

0 3 

5-3 

0-3 

91 

16-3 

24-8 

Aims. 

Alms. 

Aims. 

7-41 

0 00 

9 80>« 

0 20 

003 

1021 § 

1304 

14*81 

BV31 | 


_ 

2511 & 

— 

- 

20‘00j^ 

0 00104 see. 


0 002 14 see. 

0 01280 sec. 

— 

0*01561 see. 


Perhaps tho most notable feature about these 
results is the smallness of the difference between 
the pressures observed with bombs A and 0 in“ 
any particular ca!io. These differences might at 
first sight bo attributed to tho (supposed) much 
smaller cooling influence of the walls of the bomb 
C as confpared with bomb A, but if this were 
tho true explanation the difference should be 
greater with tho slojv-burning 2(’0-f(L mixture 
than with the fast-burning 21f 2 +()„ whereas 
the opposite was the ease. Moreover the fact 
that dilution of tlifl mixture 2H 2 -f 0 2 with twice 
its own volume of nitrogen almost obliterated 
the difference between the pressures observed 

in the oases of bonlbs A and 0 (the ratio ^ 

for the diluted being 0-95, as against 0-70 f<A* 
the undiluted mixture) is all against tho cooling 
theory. The more probable explanation is to 
be found in tne fact that, owing to the much ^ 
longer travel of tho flame before it reached the 
piston of the indicator in bomb C as compared 
With A, the explosion would be in a more ad- 
vanced phase gut e development#^ this would 
>be most markecTin the case of theJastest burn- 
ing tnixttires. Berthelot ynd Vieille assumed 


that in the above expeiinionts completion of tho 
combustion sync hi orused with tho attainment 
of maximum pressure, and attributed the marked 
disparity between the observed pressures (bomb 
(1) and thoso calculated from the heats of com- 
bustion (on the assumption of adiabatic con- 
ditions) to a rapid increase in the specific heats 
of steam and carbon dioxide at liigli tempera- 
tures. They considered it improbable that dis- 
sociation phenomena play any conspicuous part 
in limiting tho pressures attained. 

Mai laid and Le Chatelier {l.e.) who used 
a Bourdon gaugo for measuring pressures and 
applied a ‘ cooling correction ’ to their results, 
ajjived at practically tho same conclusion as 
Berthelot and Vieillo (Ann. Chim. Phys. Ivi.l 
4, 13) respecting both tho increase of tho specific 
heats of steam and carbon dioxide with tem- 
perature and the small if not negligible influence 
of dissociation. They calculated that the tem- 
perature of tho flame when moist electrolytic 
gas 4s exploded m a closed vessel ^ atmospheric 
pressure is about 3350°, and that the mean 
molecular 'hefft of steam at constant volume 
• • 

<* 1 Annalesdes Mines, sec. vili. v<*. 4. 

* a Ann. ChJfcflPhys. (vi^ 4, 13. 
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bfetweon 0° and 33r>0 0 is 10*0. In the cast* of 
the nfixture 200 + (K they concluded that the 
molecular heat (C 2 ) of carbon dioxide rises to 
130 at 2000°, above which temperature dis- 
sociation comes into play. 

Dugahi Clerk also made experiments with 
hydrogen-air mixtures in a large cast-iron 
vessel comparable in dimensions to the 
cylinder of a six-horse-power gas engine. 

It was a east-iron cylinder truly bored 
out and the end covers 
turned, internal di- 
mensions 7 inches 
diameter and 8} 

inches long, capacity 
317 cubic inches. 

' the upper 

cover was t placed a 
Richards indicator, 
m which the recipro- 
cating drum had been 
replaced by a re- 
volving one ; the rate 
was adjusted by 


EXPLOSION, GASEOUS. 


Revolving Drum 




Weicht 



of revolution 
Hmall fan, a 
weight and gear giving the power The 
cylinder was filled with the explosive 
mixture to ho tested, the drum set m 
motion, the pencil of the indicator 
pressed gently against it, and the 
electric spark passed within the cylin- 
der The pressure of the explosion, 
acting upon the indicator piston, traced 

a line upon the drum which showed „ 

the rise and fall of pressure. The rising line | Fig 9 shows the arrangement of the apparatus, 
traced the progress of the explosion, the falling Experiments with hydrogen and air mixtures 
line the progress of loss of pressure by cooling. | gave the following results : — 


Mixtures of Hydrookn and Anr (Clerk). 




Temp, before explosion J(T. 

LTessuro 1 4*7 lbs.(atmoHplicric) 

Uxpcrl- 

meut 

Mixture 

Max. pressure above 
atmosphere In lbs. 

Time of explosion 

Max. temp, of explosion 


II 

Air 

per sq . inch. 



a 

1 vol. 

0 vols. 

41 

0 15 sec. 

826° to 909° 

b 

1 vol. 

4 vols. 

68 

0-026 see. 

1358° to 1539° 

c 

2 vols. 

5 vols. 

80 

0-01 sec. 

1015° to 1929° 


The maximum temperatures were calculated 
on the two extreme assumptions of complete 
contraction and no contraction. 

The curves of explosion from which these 
figures are deduced are given at Fig. 10. 

The rate of cooling was compai ativelytslow ; 
for. instance, in all these experiments, at the end 


of 0*00 second from the beginning of explosion 
there still remains above 20 lbs. per sq. inch 
above atmospheric pressure. The explosion was 
followed by a vor^ slbw fall of pressure. 

Calculating from these t curves the total heat 
accounted for by maximum pressure, and allow- 
ing for loss of heat to the w tdls during time of 
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explosion, as estimated from the falling ourves, 
a great, deficiency becomes evident. * 

Experiment a b c 
Heat of combustion of hydrogen 
present .... 100 100 100 
Heat accounted for by maximum 
temperature and Iohs previous 
to its attainment . . . 55 70 54 

Even with hydrogen and air mixtures the 
deficiency ranged from 30 to 4(5 p.c. It is rc- 
markablo that the deficiency at the temperature 
of about 900° is ‘identical with that at about 
1800° within the limits of error. It should bo 
noted, however, that this method of allowing 
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for ieafc loss will probably sivfl a lpw value, Pfe po 
account is taken of the difference in the. action 
of the walls on the rising and falling lines, nor 
of the possible difference in radiation. 

In 1915 W. A. Bone and his collaborators 
published the results of experiments in which 
mixtures corresponding to (1) 2H 3 +O s +4N 4 ; 
(2) 2C0+0 2 +4N s , anil (3) CH 4 +O a +4N Jf were 
exploded at an initial pressure of 50 atmospheres 
m a spherical bomb (capacity =275 c.c.) to 

wliich was attached a Potavcl recording mano- 
meter with its optical accessories. The results 
of two typical experiments with etfch of the 
three mixtures are recorded in the following 
table : — * * 


W. A. Bonk’s Pressure Experiments. 


Mixture fired . . 

__ . _ j 

Per ceiit.. (‘imposition ofj ' 
mixture fired . . J ! ' 

. . !|- 

Initial pressure p t in ij 
atmospheres . . >, 

Maximum explosion pres- 1 1 
sure in atmospheres p m ] 


Pinal pressure of cold pro- jj 

I 

( | I 

Ratio pflfy . • . I 


ducts in itinpRpheros pf ( j 
Ratio pjp { 


Time required lor attain- 
ment of maximum pres- 
sure in seconds . 


21 Jo M 

a h4N a 

OH 4 +U 

a+4N 2 

200 {-Oj+4N a 

.=29 0 1 If..: 29 7 

CH 4 =1(> 7 

(■H 4 = 10-8 

(X)=28-l 

00=28*03 

“=145 

()“=14 3 

(), = 17-1 

0 2 =l(i‘8 

()„ = 14*0 

<>.=14 GO 

*=55 ’9 

Nj=5(>-9 

N 2 =B0 2 

bJ 3 =00-4 

N.,-579 

N 3 =57-37 

_ t 

53*0 

50 0 

44-9 

50 0 

510 

49-8 

125 0 

4000 

240 0 

280-0 

423 0 

420-0 

30 5 

28 74 

47-1 

| 51-7 

42-0 

41-40 

8-0 

8-0 

5-35 

j 5*0 

8-3 

8-4 

0-575 

0-575 

1-049 

1-034 

j 

0-832 

0*837 

0 011 

i 0 010 

0-05 

i 0-08 about 

010 

010 


The pressure records which are reproduced 
in the following diagrams (Pigs. 11. 12, and 13), 
in which pressures m atmospheres are plotted 
against time in seconds, prove conclusively the 
absence of any direct relation between the 
actual rate at which the potential energy of an 


explosive mixture is transferred on explosion 
as sensible heat to its products ami the magnitude 
of the chemical affinity between its combining 
constituents. Tins is hardly to be wondered at, 
seeing the extreme rapidity of chemical inter- 
action at high temperature as compared with 
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tho rate at \yhfch the liberated boat can l>c 
communicated to and uniformly distributed 
amongst* the products by ordinary physical 
processes. Attention may be drawn to the 
extreme slowness of the cooling in each epee 
after the attainment of maximum pressure ,* 
this has also been observed by previous workers 
in other similar cases of gaseous explosions. 
yhj fl was particularly marked in the case of the 
C^tkane-ilil^fliixture, in whith there was hardly 
any appreciable cooling during #n interval yf 


0 22 seconds after the attainment of maximum 
pressure (in 0 08 sec ), a circumstance which 
may be due in part to tho combustion taking 
place in well-defined chemical stages, and in 

' part ako to the operation of tho exothermic 
j secondary interaction between carbon monoxide 
j^ni steam during tho cooling period. On the 
j othV hand, the curve for *tho hydrogen-air 

1 mixture, adhere the combustion to steam is 
a direct and comparatively pimple transaction 

I suggests th|t the attainment of maxinpup 



r 712 


EXPLOSION, GASEOUS. 


prqstftire is exceeded by a period of gradual 
cooling ^uninfluenced by chemical combination. 

It may bo taken as the Common experience 
of all investigators sinde Bunsen’s day that the 
maximum effective pressures recorded when 
gaseous mixtures are fired in closed vessels are 
always considerably less than thoso- calculated 
on the old assumption (now discarded) that the 


whole heat of combustion is communicated 
withofit loss to the products, and that the 
specific heats of the products do not vary with 
temperature. Another feature of the pheno- 
menon is the very short time required lor the 
attainment of maximum pressure* relative to 
l he subsequent colling poriod. 

The groat disparity between thd fpund and 
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4 calculated ’ maximum pressures lias been 
attributed by the various investigators'* con- 
cerned to one or other of the following causes, 
namely : 

1. To the marked increase in the specific heats 
of steam and carbon dioxide with tempi) aline. 

2. To the fact that rn ordinary gaseous <ue plo- 
sions f where detonation has not been determined, j 


combustion is by no means instantaneous, and may 
not, be completed within the period required for the 
attainment of maximum, pressure. Sir Dugald 
Cleik put forward this suggestion as long ago as 
1 880 1 in criticising liio conclusions of .Mallard and 
Lo ( ! hatcher respecting the great mfoeaso in the 
.specific heats of steam and of carbon dioxide 
with temperature. Ho considered it highly 
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probable that combustion extends far into the 
actual ‘ cooling period ’ in gaseous explosions 
(and hence the long drawn-out ‘ cooling euno ’), 
so that the system loses a certain part of the heat 
of combustion before the chemical action is 
completed. This idea of a continued combus- 
tion finds support m 11. B. Dixon’s photographic 
researches, and chemists generally will concede 
its leality in any gaseous combination in which 
detonation is not determined. But to what 
extent it may bo held to affect the pressures 
actually recorded by explosions is still a matter 
of conjecture. 

3. To loss of energy by dired radiation . — 
Thus in the explosion of a mixture of hydrogen 
and oxygen it is conceivable that the initial j 
action results in the formation of an intensely 
vibrating molecular complex from which styam, j 
issues as the firsts recognisable product. Some 
experiments made m 1890 by Robert von j 
Helmholtz (Bei blaster, 14, 589), showed that 
non^-lununous hydrocarbon flames radiate about | 


, 5 p.o. of the heat of combustion of the gas, and 
1 more recent experiments by Callondar and 
Nelson show that the heat radiated from an 
ordinary non-luminoiw Bunsen flame may 
amount to between 15 and 20 p.c. of the total 
boat of eombustion. 

4. To dissociation of products (steam and 
carbon dioxide). In the case of two^. combining 
gases producing a dissociable product, it is 
j clear that if the averago temperature in the 
system reaches that at which dissociation begins 
the combustion must bo delayed whilst heat 
escapes from tlm system by radiation and con- 
duct on. Qualitatively the partial dissociation 
of steam and carbon dioxide lias been proved at 
temperatures which are certainly exceeded by 
thoee of explosion flames ; but it may be urged 
that, inasmuch as all experiments upon as- 
sociation have up to the present involved 
contact with hot solid surfaces, the re ia»,no 
positive ovidenefc £hat the phenofl^Ron would 
\ 1 Prtfc. fast. Civil Engineers, 85. 
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play any conspicuous part in an unophfinwj iacpn&istent with the supposition' of any agpveoi* 
gaseoVs system. On the other hand, tnere is able dissociation of steam in the explosion wave, 
direct experimental evidenco of the attainment ai\d photographic reoords give no evidence of 
of enormously high temperatures in the explosion continued combination' in the rear of the wave 
wave, temperatures which would generally be except where 1 ' there are two or more chepaical 
considered as far beyond that of the initial, or Stages in the combustion. • 
perhaps even of tho complete, dissociation of Explosion of mixture a of coal gas and air . — 
steam or. of carbon dioxide. Moreover, the fact Experiments were made many years ago by 
that tho rate of explosion of electrolytic gas is Clerk with mixtures of coal gas and air in the 
retarded rathor' more by an excess of oxygon explosion apparatus already ^described, with 
than by a corresponding excess of nitrogen is the following Tesults :~ 


Glasoow Coal Gas and Air Mixtures (Clerk). 




Temperature of gases before ignitiqn, 18°. Pressure of atmosphere (14*7 lbs.) * J 

Experiii 

lent 

Proportion of gas 
by volume 

Maximum picssure 

In lbs. per sq. inch 
abovo atmosphere 

i Maximum tempera- 
1 ture centigrade 

Time of explUflon 

a 


A 

52 

1047° 

0-28 second 

b 


h 

03 

1265° 

0-18 „ 

P , 


A 

09 

1384° 

013 „ 

d. 


A 

89 

1780° 

007 * 

c 


l 

90 

1918° | 

! . 1 

005 „ 


From these experiments, it will bo observed longest over J second, at tho end of O’OO 
that the greatest .possible pressure exerted by a second from 30 to 35 lbs. per square inch 
mixture ofV-Jlasgow coal gas and air at atmo- pressure above atmosphere still remained in 
spheric pressure tmd temperature was 00 lbs. per tho vessel. Jt is vory noticeable that, volume 
square inch above atmosphere, tho maximum for volume, coal gas produced higher pressure 
pressure falling. as dilution with ah increased, than hydrogon. 

while tho time of explosion also increased. Tho Experiments with Oldham gas and air gave 
shortest timo of explosion was second, and the the following results 

Oldham Coal Gas and Am Mixtures (Clerk). 


Temperature of gases boforo ignition, 1 7°. Pressure of atmosphere (147 lbs.) 


1 Experiment 

Proportion ol gas 
by voluiix* 

Maximum pressure 
in lbs. per sq. inch 
above atmosphere 

Maximum tempera- 
ture centigrade 

Time of explosion 

a 

A 

400 

800° 

0*45 socond 

b 

A 

51-5 

1033° 

0-31 „ 

c 

A 

000 

1202° 

0-24 „ 

d 

A 

010 

1220° 

017 „ 

e . 

A 

78-0 

1657° 

0*08 „ k 

/ 

A 

870 

1733° 

0*00 „ 

V ■ 

* 

900 

1792° 

004 „ 

. h 

i 

91 0 

1812° 

0-055 „ 

i 

1 

,3 

80 0 

1595° 

0 : 10 „ 


Tile gre^tet* pressure produced by a mixture j tho same vessel with mixtures previously, oom- 
of thiB gas and air was 01 lbs. per square inch j pressod, and it is found that the pressures pro- 
above atmosphere. Comparing these numbers duced with any given mixture are proportional 
with tho Glasgow gas experiments, it appears to the pressure before ignition — that is, with a 
that with . vol. of Oldham gas present, tho mixture of constant composition double the 
pressure, attained was 0 5 lb. per square incMess, pressure before explosion, keeping the tempera- 
and the time of explosion is 0 3 1 second against ture constant, doubles the pressure of explosion. 
0*28 second with the same proportion of Glasgow in 1900 Clerk made further experiments 
gas. With £ of tho two gases, Oldham was with London coal gas and air, with very complete 
5 lbs. less maximum pressure and 0*055 seesnd precautions to ensure jnixing, and with more 
against 0*05 Becond 'Glasgow. %cc|rate timing devices. The curves obtained 

in all these experiments the suppression of witlmhis apparatus are sfom^i at Fig. 14, and 
het&ftt the maximum temperature is very con- the maximum temperatures land pressures, and 
siderable, A^ing from 50 tore0*p.c. tima of explosion for tho diffirent mixtures, are 

Experiments were also m*d% by Clerk if as follows ^ 
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Explosion in a Closed Vessel (Clerk, 1900)* 
Mixtures of air with London coal gas. 
Temperature before explosion 16° 

Pressure before explosion . 14'8ibs.persq.in. 


Mixture 

Max. pres- 
sure above 
atmosphere 
in lbs per 
bc|. inch 

Temp, of ex- 
plosion from 
observed 
pressure 

Time 
of ex- 
plosion 

(las 

Air 


°u. 

sec. 

1 vol. 

12 vols. 

4 

— 

— 

1 „ 

11 „ 

58 

1150 

0-290 

1 „ 

10 „ 

00 

1155 

0-305 

1 

* 9 „ 

05 

1270 

0155 

V „ 

8 „ 

77 

1475 

0-087 


a- 7 ” 

80 

1605 

0 007 

1 „ * 

o „ 

85 

1000 

0-055 

1 „ 

o »• 

87 

1710 

0042 

1 „ 

4 „ 

93 

1830 

0045 


J. % Petavel has also made experiments on 
the explosion of coal gas and air compatosed 
before ignition to pressures of over 1000 lbs. per 
square jnch. Fig. 15 shows the diagrams ob- 
tained, with the particulars marked thereunder. 

In all these experiments, it is clear that if 
tho temperature be calculated from t the maxi- 
mum pressure of explosion, there is apparently 
a suppression of heat of a very considerable 
amount at maximum temperatute, the amount 
being about 00 p.c. 

Important experiments Wore also made by 
Prof. B. Hopkinson, of Cambridge University, 
who investigated tho actual temperatures 
reached during explosions of coal gas and air 
in an explosion vessel of the form shown at 
Fig. 10 and found very large temperature 
variations at different parts of the vossel, and 
that the temperature differences existed after 
complete inflammation, quito independently of 
tho local cooling effect of the walls of the vessel. 



Explosion in a closed vessel, London gas, 1900 (Clerk). 


He found that after the explosion of coal gas 
and air in the vessel, the distribution of tempera- 
ture at the moment of maximum pressure was 
roughly as follows : — 

Moan temperature (inferred from pressure) 1 000° 
Temperature at centre of vossol, thermo- 
meter B 1900° 

Temperature 10 cm. (4 inch) within wall, * 
thermometer C .... 1700° 
Temperature 1 cm. (0 4 inch) from wall, 
at end, thermometer D . 1 100° to 1300° 

Temperature 1 cm. (0-4 inch) within 
* wall at side 850° 

Half a second after maximum pressure, the 
distribution was as follows : — 

Mean temperature (inferred from pres- 
sure) 1 100° 

Mean temperature, exclusive of layer r * 
l cm. thick at tfbljs, determined by f 
long platinum wire from B to D # . 1160° 
Temporature at • centre of vessel, # 
thermometer B . . . wlfOO 0 to J200° 


Hero the temperature differences are much 
smaller than at tho moment of maximum pres- 
sure. Hopkinson found that tho explosion 
vessel is entirely filled with flame whon the 
pressure reaches 70 lbs., although the maximum 
pressure attained later is*82 lbs. per square inch 
above atmosphere ; that is, maximum pressure 
is not attained until one-thirtieth of a second 
after the vessel is completely filjed by flame. 
Hopkinson’s experiments also distinctly prove 
that the highest temperature reached in the 
vessel is at the point of origin of thye ignition, and 
is due to the compression of the^ases which are 
first heated by explosion to about 1200°, and 
then •compressed by the compression from the 
walhf inwards, as tho mixture near the walls 
inflames. * # 

fixplosion in gas-engine, cylinders . — In all 
internal-combustion engines in general use at 
the present time, the mixture of fuel and air’ to.' 
compressed before ignition, the maximum 
temperature rajjgifg from 1200£^p 2569 ® j 
T^hiie the temperature of the hot gases ait the 
moment of opining the gxhaust valve may be 
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aboht 1000°. Pig. It is a repro- 6 
duolion of an indicator diagram ot<> 
an internal- combustion engine wprk- 
ing on the Otto cycle. The effect of 
weakening the mixture is shown by 
the different lines on the diagram. 

The line q Bhows a diagram obtained 
from a strong mixture ; b, a diagram 
from a slightly weaker mixture ; and 
c, a diagram, obtained from a very 
weak mixture. ‘.The effect of apparent 
suppression of htat appears on the 
gas-engino diagram as well as in the 
diagrams obtained by explosion m 
closed vessels at constant volume, 
referred to .above ; and it is ex- 
tromely important, for the purpose 
of a correct theory of the internal- 
combustion enginfl, to ascertain 
exactly what takes* placo on ox- 
plosion, and immediately after ex- 
plosion of tin mixture usod ; and a 
complex knowledge of the thermal 
properties of the working fluid and 
its chemical composition at any instant during 
the cycle is necessary. 

In the normal gas-engine diagram, the 
expansion line 'is at first usually considerably 
above the adiabatic, showing that the whole ol 
the heat, of combustion is not added before 
maxim ul>5 pressure, and that heat must be added 
to the gases during a portion of the expansion, 
to make up for the now of heat through tiie 
cylinder wallS. If, however, the cooling on 
expansion is too great, tho expansion line may 
fall below tho adiabatic, although there is still 
heat being added. The adiabatic expansion line 
fur any givon mixture of gases depends on the 
specific heat of the mixture, and therefore, m 
order to determine what are tho conditions as 



Flo. 16. 

llopkinson’s Explosion Vessel. 

regards addition of heat, it is necessary to know 
tho specific heat or internal energy of the mixture 
ufc any given temperature. 




TIME. gfi£gi 

Soli erica! enclosure capacity, 551 ‘0 c.c Temperature of enclosure : before firing 
18°C.^ after bring, 24T. Initial pressure, 1130 lbs. per sq. Inch. 

Maximum presume, 9508 lbs. per sq. inch. Ratio ^ ■=*« 0. 

Maximum pressure 
Initial pressure 


Ratio 


jjjUOOOC 

iistfto 

h 

tl 

fcj 


h 1 U 

0 

• 0 

5 1 

O 1 

h- 

S 2 

buz:; i. 

O £5 ao 


Fie. 17. 

Clerk has investigated the properties of the* 
working fluid in the gas 
engine itself, by a method 
winch allowed direct ob- 
servation to be made upon 
an aetual eharge taken 
into the engine in tho 
ordinary operations of its 
cycle. The method con- 
sisted m subjecting the 
whole of tho heated pro- 
ducts of combustion to 
alternate compression and 
expansion, within the 
engine cylinder, while the 
cooling proceeded, and 
observing by the indicator 
the successive procure 
falls from revolution to 
revolution, together with 
tho temperature and pres- 
sure rise and fall duo to 
tho alternate compression 
and expansion. The engine 
before was set to run at a given 


Snherical enclosure capacity, 561*9 c.c. T«nmeruturo of enclosure. — ... ~ ,, 

1 firing, , 21°C. * after firing, 27°C. Initial prcssuic, 1094 lbs. per sq. speed, and aftor the 


infsh. 


Maximum pressure, 9618 lbs. per sq. inch. 

, Ma ximum p ressure 
' Initial pressure 1=1 * 

. Fig. 15. 


Gas* 


■=5*71. 


Ratio- 


, Rise a$d Fall of Fressute during and a$ter Explosion (^vel). 


charge of gas and air had 
been drawn in, compressed 
and ignited, the exhaust 
v^lvf and inlet valve 
.•wore prevented from 

n , so that when 
ton reached the 
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end of its power stroke, the exhaust gases were* 
retained within the cylinder, and compressed by 
the piston to the maximum volume, and again 
allowed to expand and again compressed, and 
so on. These operations gave a diagram as 
shown at Fig. 18. From this diagram, by 
determining tno temperature fall due to work 
done orr expansion, Clerk determined the ap- 
parent specific heat of the products of combustion , 
and found that for the gas-engine mixture there 
was a considerable rise of Apparent specific heat 
with temperature, and it seemed probable that 
this was largely due to a real increaso of tho 
actual specific heat or internal onorgy of the 
gases *at nigh temperatures. Tho experiments, 
however, could not differentiate between the 
possibl^^ffects produced by dissociation and 
real specific heat change. Further, the values 
obtained wore subject to some uncertamty, due 
to the difficulty of apportioning heat loss 
between successive compression and expansion 
lines, and it is probablo that the values are 
somewhat raised by some film phenomena, or 
by smouldering combustion, tending to keep 
tho expansion lino from failing as rapidly as it 
would otherwise do. 

Work of the British Association Committee on 
Caseous Explosions . — Owing to tho great im- 
portance to tho theory of tho internal-combus- 


tion engjpe of a complete understanding of 'the 
phenomena of gaseous explosions, the Bitfbish 
Association _ anpoirtted a committee for the 
purpose of investigating the whole matter, and 
although the work of this oommittee is not yet 
completed, very important results have already 
been obtained. These are set out in the Reports 
of 1908, Dublin; 1909, Winnipeg; and 1910, 
Sheffield. Tho committeo regard it as proved 
that on tho explosion of gaseous ^fixtures with 
air, the quantity of c&rbonio acid or steam dis- 
sociated at the temperature of the oxplosion is 
so small, that the suppression of heat oannot bo 
due to this cause. 

They also concluded that chemical equilibrium 
is complete within an extremely , short period 
after inflammation at any point outside the 
influence of the walls, and that there is no timo 
rate of combustion, such as will account for the 
apparent suppression of heat. 

The committeo have also made a very 
careful comparison of the specific heat found by 
Holborn and Henning by mothods riot depending 
on explosion, with the values found by explosion 
experiments, such as those of Clerk, Mallard, arid 
Lo Chatelier, and Langen. Tho results given 
in calories per gram-molecule for •the internal 
energy calculated from 100° at temperatures of 
800°, 1200°, HKMT, and 2000°, are as follows : — 


1- _ 

I 800" 

1 1200° 

1000*’ 

i 2000° 



llolborii 


Holborn 

Langen 



Clerk 

and 

Clerk 

and 

j Lungen 



Henning 


Henning 


Air .... 


3570 


5840 

8700 

11500 

C0 2 



0400 

— 

10880 

17000 

23300 

H,() 


4070 


7930 

14400 

19900 

Gas-ongine mixture ... 

4250 

3840 

0900 j 

0340 

9800 

| 13200 

Ideal gas* j 

3430 

5400 , 

7350 

9300 j 


* C.»4’0. 


In this tablo, ; n order to reduco to foot-lbs., tho 
figures should be multiplied by the factor 3*1)0. 



The agreement betweon tho figures by the two 
methods shows that the suppression of heat is 
very largely due to inoroaso m the real specific 
heat at high temperatures. • 

Jt seems clear also that the cooling due to 
the walls of the explosion vessel will damp out 
a certain portion of the combustion, and thus 
I give a certain timo rate oi combustion, so that 
J all the heat w not a ctu &lly evolvoij at tho point 
# J of maximum press ui' 0 or maximum temperature, 
j Hy arranging a moving piston so that the 
I exhaust products ca n bo collected, *and imme- 
j diatoly coolod at any instant during the ex- 
i pansion stroko, Clerk lias shown from an 
analysis of the exhaust products Jbhat there is 

still some uncombined 

• gas after the point of 

•* maximum temperature 

has been reached, even 
with strong mixtures. 

The committee also 
consider that the ap- 
parent suppression of 
l heat in e xplosio n ea» 


Clerk diagram from engine at a brake load of 50 Up. at 160 revolutions 1 , poriments, wfiSS tern* 
• P»m Itf- * perjure & .dostated 
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ftpm pressure, is partly das tb unddbestimatidh 
of* the heat loss "due to .radiation. Callendar 
pjedictecPthat this would be the «se from his 
experiments on the radiation from a Bunsen 
flame; *and Hopkinson has shown that the 


• • • 

total heat radiated during and ^fter Vn ex- ’ 
plosion of a 1C p.c, mixture of cbal gas and 
air amounted to over 22 p.c. of the whole heat 
of combustion. 

W .A. B. and E. V. W. 
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